MANSON’S 
TROPICAL DISEASES 




Manson’s Tropical 
Diseases 

A MANUAL OF THE DISEASES 
OF WARM CLIMATES 


EDITED BY 

Sir Philip H. Manson-Bahr 

G.M.G., D.S.O,, M.A., M.D., D.T.M. AND H. Cantab., 
F.R.C.P. Lond. 

Past President of the Royal Society of Tropical Medicine and Hygiene, 
1/Ondon, and the Medical Society of London. Consulting Physician to the 
Hospital for Tropical Diseases, London ; the Albert Dock Hospital and 
Tilbury Hospital. Consultant in Tropical Diseases to the Admiralty. 
Lecturer on Tropical Medicine to King^s College Hospital. Formerly 
Consulting Physician to the Colonial Oifice and Crown Agents for the 
Colonies. Formerly Consultant in Tropical Diseases to the Royal Air 
Force and Ministry of Pensions. Mary Kingsley Medal, Liverpool School 
of Tropical Medicine and Nocht Medal, Hamburg Tropenlnstitut. Late 
Director, Division of Tropical Medicine, London School of Hygiene and 
Tropical Medicine ; and Lecturer on Tropical Medicine to the London 
Hospital ; Associated Foreign Member of the Soclete de Pathologic Exotique 
and of the Soc. Beige de M6d. Trop. Corresponding Member of the Nether- 
lands Society of Tropical Medicine. Member of the Washington Academy 
of Medicine. Late Examiner in Tropical Medicine to the Conjoint Board 
of the Royal College of Physicians and Royal College of Surgeons, England,, 
and to Cambridge and Hongkong Universities. Author (with A. Alcock) o1^ 

** The Life and Work of Sir Patrick Manson,” 1927 ; “ The Dysenter^ 
Disorders,” 1939, and Synopsis of Tropical Medicine,” 1943. 


Fou7-temth Edition 


With 15 Coloue Plantes, 11 Half-tone Plates, 
41 4 PiGTJEBS IN THE TeXT, 8 MaFS, AND 29 ChAETS 



CASSELL AND COMPANY, LTD 

London 

1954 



CASSELL & COMPANY, LTD 
37/38 St. Andrew's Hxll, Queen Victoria StrkI':t 
London, E.C.t- 


and at^ 

.31/34, George IV Bridge, Edinl)urgli 
210, Queen Slieet, Melliounie 
20 '30, CWencc Street, HyiUwy 
Hatklon Hall, City Boad, Auckland, N.Z. 

10()S, Broadview Avenue, Toronto (5 
420 West 45th Street, New York 3() 

Avenida 9 dc Jullio 1138, S'.o Paulo 
Galeria Guemos, Eseritorio 518/520, Florida 155, IkrcMios Airrs 
Haroon Ciianil)ei\s, 8outh Napua’ Uoad, Kai'aelii 
15, Graham Boad, BaJIarc! MstaU^, lionihay I 
17, Central Avemue P.0, Dlia-ranitaht, (\‘ilentta 
1>,(). Box 275, Cape Town 
P.O. Box 138(), Salisbury, IS. llhodcsia 
P.O. 13ox 059, Aeci'a, Gold (loiist 
25 rue Henri Barbusse, Paris 5i‘ 

Islands Brygge 5, Cloponhag<ni 


l'’irst r*iiMish(Ml J/uf/ 1K‘)8 
Ri'prinfrd Jnlif ISJI.S, t^L'/nnuhfT JHUS, Jununnj ISDl) 


Second Edition 


UMIO 

Reprinted 

,/ nil/ 


liepnnicd 

Jnnimnj 

]!M)1 

PJi.cditli Kdiiion .. 

,U(irr/i 


Tliird Edition 

Apnl 

Jiio:] 

Reprinted 

June 

lU’jT 

Rppnntni 

A Vifust 

IIKIIJ 

Ninth Edition .. 

Fehrmmj 


?) • * 

Oi'foixr 

11)0 ( 

Reprinted 

March 

ItRil 

Poiirtli Edition 


]!)07 

TonUi Kdilioii .. 

Xoreiiiber 

I'.KIfi 

Reprinted 

Mureh 

1008 

Eleventh ICdilion 

April 

l!l Kl 

j» • ' 

vl npust 

lOtU) 

Reprinted 

Jannarii 

nm 

,, , . 

A J arch 

1011 

n * ' 

Heplemher 

JU lU 

5 ) 

March 

loin 

Twclftli Ediiion 

. ( niptut 

ill (.'> 

Fifth Edition 

Mmj 

1914 

Reprintdl 

Jane 

IS) III 

Sixth Edition 

Ociobn 

1917 

n • * 

Ainjusf 

mis 

Reprinted 

January 

1918 

Tliirtcciilli Edition Miut 

iiifii) 

11 • • 

Febntmy 

1019 

Reprinted 

Jan a urn 

iiirm 

Seveufch Edition Febnnmj 


Eourtccnlh Edition,////^' 

iiir.i 



PREFACE TO THE FOURTEENTH EDITION 


The piiblicatiori of the fourteenth Edition of Tropical Diseases marks the 
eighth revision of the book for which the Editor has been responsible. 

Perhaps the most important event since the publication of the last 
Edition has been the widespread application of the many so-called anti- 
biotics to the treatment of tropical diseases, with gratifying results. Thus, 
it has come to pass that many diseases, such as plague and typhus, now 
respond favourably to treatment. A^lmost as remarkable has been 
progress in the treatment of leprosy under the influence of sulphones. 
The blessings wliicli these advances bestow in relieving pain and alleviating 
the terrible disligiirements of this age-old disease are inestimable. 

The undoubted success achieved by insecticides in the prevention of 
many tropical diseases has necessitated more space being devoted to this 
subject wliich has now achieved the importance of a separate science. In 
consequence of these rneasiires malaria has been banished from some of its 
a.iicient hauntiS — surely one of the most meritorious and remarkable feats 
in tlie history of medicine. The recognition of a new nutritional disease — 

Icwashiorkor -lias warranted a new chapter on this subject, whilst it has 

been necessary to give an account of quite a new disease — epidemic 
haunorrliagic fever — which has broken out in Korea. 

HTio increasing accumulation of knowledge has entailed considerable 
revision and pruning in order to bring the book up to date and to make 
room for new mali(u:iaL It has therefore been necessary to jettison the 
cliapt(n*s on diet and nutrition, whilst the preliminary statement on virus 
{lisoa,S('S and the historical sections in each chapter have had, regretfully, 
1,0 b(3 discarded. It is hoped, by so doing, that the standard of the new 
l^jdiDon, under stress of competing claims,,, of various aspects of this 
very large subjcHit, has been maintained; at the same 'time the Editor has 
endeavoured to (msur(3 that no item of interest and importance to practi- 
tioners in t he tropics and students of tropical medicine has been omitted. 

Philip Manson-Bahe 

149, Harley Street,, 

January, 1954. 




PREFACE TO THE FIRST EDITION 


A MANUAL on the diseases of warm climates, of handy size, and yet giving 
adequate information, has long been a want ; for the exigencies of travel 
and of tropical life are, as a rule, incompatible with big volumes and large 
libraries. This is the reason for the present work. 

\’iTiile it is hoped that the book may prove of practical service, it makes 
no pretension to being anything more than an introduction to the important 
department of medicine of which it treats ; in no sense is it put forward as 
a complete treatise, or as being in this respect comparable to the more 
elaborate works by Davidson, Scheube, Rho, Laveran, Corre, Roux, and 
other systematic writers in the same field. 

The autlior avails himself of this opportunity to acknowledge the 
valuable assistance he has received, in revising the text, from Dr. L. 
Westenra Sambon and Mr. David Rees, M.R.C.S., L.E.C.P., Superinten- 
dent, London School of Tropical Medicine. He would also acknowledge 
liis great obligation to Mr. Richard Muir, Pathological Laboratory, 
Edinburgh University, for his care and skill in preparing the illustrations. 
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TROPICAL DISEASES 


CHAPTER I 

PREPARATIONS FOR RESIDENCE IN THE TROPICS 
GENERAL OBSEEYATIONS 

While there can. be no absolute standard of height and weight, the 
deviation from the generally accepted averages should not be great. 
As a rule, spareness is more desirable than plumpness. Certainly the 
tropics is no place for the fat man. The “ lanky,” spare type is best 
suited to tropical conditions, and the dark-haired, brown-eyed and dark- 
complexioned is generally considered more fitted than the blue-eyed, fair- 
haired, tender-skinned “ Nordic” or “ Aryan” type. 

Teeth. — As the food in the tropics is neither so palatable nor so easily 
masticated as at home, teeth must reach a high standard, and candidates 
with carious teeth or defective enamel should be eliminated. Everyone 
who proposes to go to the tropics should have his mouth put in order, 
because dental decay takes place more rapidly in intense heat. There 
cannot be any objection to dentures if the owner possesses a spare set, 
and they are adequate and comfortable. 

Nose and throat. — Special care should be directed to the tonsils. 
If they are enlarged and septic they must be enucleated. Subjects of 
post-nasal catarrh and chronic granular pharyngitis do not do well. 
Sinus trouble does not improve in the tropics and, for North and Vest 
Africa, where sandstorms are common, persons suffering from chronic 
antral disease should he refused. 

Eyes and ears. — Reasonable visual acuity is essential. Opinions 
differ considerably on the extent of deficiency which may be passed over. 
The Editor is of the opinion that grave refractive errors are deleterious 
and, in certain circumstances, candidates with a degree of myopia above 
— 6D should be rejected. No candidate with high myopia is suited for a 
bush or isolated station. If glasses must he wornj the wearer must have 
spare sets. Crookes’s lemon-tinted lenses are of value in diminishing glare. 
In certain regions in the Sudan and Northern Nigeria, for instance, smoked 
glasses are a necessity to mitigate eye-strain. Normal colour vision is 
essential. Chronic conjunctivitis of all kinds is a distinct disability. 

Middle-ear disease with discharge and aural eczema disqualify : both 
are made worse by tropical conditions. Perforation of the tympanum 
and any kind of deafness must be investigated. Deafness in more than a 
moderate degree is a bar. 

Respiratory system. — Special attention must be paid to the lungs. 
Asthmatics and subjects of “ hay fever ” are quite unsuited for tropical 
residence, for, contrary to popular belief, asthma, hay fever, allergic 
rhinitis and, indeed, allergic conditions of all kinds are aggravated by the 
luxuriant vegetation, while flowering grasses and the pollen of rice and 
wgar-cane are very irritating. Sugar-cane fibre is often used for stuffing 

1 
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PREPARATIONS FOR RESIDENCE 


pillows and excites asthma in snscopiriblo individiialH. 1’he Siuiu^ jij)|)li(‘s 
to chronic bronchitis and oniphysoiiia. Any suspicion of tulx^rculosis, 
whether glandular or paronchyniatous, calls for X-ray cxauiiiialion, 
especially in candidates with a bad family history. 

The Editor is strongly of the opinion tluit any caudidadt' with a (J lion’s 
focus, or any evidence of healed apical lesions, is quite unlitit.ed for the 
tropics. Contrary to popular opinion, damp heat induces and fosters, 
but does not cure tuberculosis. Those who have caliufied hromdiial 
glands, and who have already thorohy donionstrated their rt'sist.aiuu^ to 
the disease, may, on the other hand, be considered suitahli^. 

Cardiovascular system, — Any valvular heart disi^asi^ is a contra- 
indication. It is probably true that persons with mild di^gn'os of mitral 
stenosis are not seriously iiKiOTivenionced by tropical life, but th(^ incroasi^ 
ill the metabolic rate and the strain placed upon the In^art and respirat.ory 
organs by extreme heat has a deletorious ollbet upon the action ])f the 
heart. Of all heart lesions, aortic reijimjitatkmj especially of liudic- origin, 
is the most undesirable. Sinus arrythiniaand extrasystoles are fnupuMitly 
encoimtorod in tropical residents, and are not in tlumiselvi^s dthd.t'rious. 
Persistent tachycardia, from whatever cause, should be a bar to tropical 
service, and a candidate exhibiting a rapid pulse, which dons not arise from 
nervousness during the modical examination, should be subjinttul to a 
searching exercise tolerance test. 

Hyperpiesia. — Subjects of high blood-pressuro are delinitely excludiul, 
Hyperpiesia, due to intrinsic hypertonsion or artorio-achwosis, is a serious 
handicap in the tropics. Often, in nervous young men, a high systolic 
reading may bo obtained, and while this for the moH(. part (‘-an be over- 
looked, a persistent high diastolic ])ressuro above 100 mm. Ilg is an absolute 
disqualification. Such persons iniwitably break down aftt^r prolongiHl 
tropical residence ; they are more liable to ueiirasihimic symptoms, and, 
in the Editor’s experience, usually end up with cerebral lueinorrlinge. 

Digestive system. — Nothing is more important tliau tho digiwtive 
history. The organs of digostiou are noeossarily subjected to censitlcrable 
strain; therefore subjects of nervotis dyspepsia, hyporchlorhydria, or 
severe gastric disturbances, should not go abroad. A pnwdous history of 
duodenal or gastric ulcer, especially whore coullrined by radiosotqiy, 
should debar a candidate, especially from places characterizod by damp 
heat, such as the west coast of Africa or Malaya. It must bti riunomborod 
always that, even under the best circumstances, a groat deal of tho daily 
fare consists of frozen or tinned food. 

If the indigestion is due to chronic inflammation of tho appeyidix, it is 
most important that appendicectomy bo performed before sailing. It is 
obvious that, for many reasons, appendicitis may be a much more dramatic 
and important event than under more highly civilized conditions, 

Persons of a “ bilious ” or a hepatic tendency, with lustreless skin 
and a jaundiced look, withstand the tropics badly ; therefore any palpable 
enlargement of the liver must be noted. S'plenomegaly may, occasionally, 
denote previous attacks of malaria, and indicate that the candidate is 
hypersensitive to this infection or, on the other hand, it may moan that he 
has some obscure blood disease, and is therefore unsuitable. 
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Sufferers from chronic colitis are ruled out. A history is not always 
easy to obtain; but if there is any previous account of blood or mucus 
in the stools, or both, or pain on defsecation, or any suspicion of ulcerative 
colitis, the matter must be investigated. This disease is so liable to 
remissions that the candidate may appear well and healthy at the examina- 
tion, but relapses under tropical conditions are apt to be especially severe. 
The peculiarly sensitive type of person who is colon-minded, and subject to 
mucous colitis and spastic colon, does badly and cannot be recommended. 
Subjects of diverticulitis fare badly also, and, if this condition is detected 
as a cause of abdominal discomfort in a more elderly subject, tropical 
service is not recommended. Any history of gall-bladder disease should 
debar the candidate, owing to the risk of developing cholecystitis and 
biliary calculus under tropical conditions. 

, Haemorrhoids.-L-Piles are a curse of life in hot climates where those 
predisposed to the disorder almost invariably become sufferers. They 
should be removed surgically, as injection methods do not appear to be 
altogether satisfactory. 

Hernia. — Candidates with inguinal herniae of any description must 
submit to operation before going abroad. Trusses, even of the lightest 
variety (celluloid), are most inconvenient, and are apt to cause intertrigo 
and skin irritation. The same applies to umbilical hernise ; pads cannot 
be worn and are usually inefficient. 

Genito -urinary system. — Renal and vesical calculi are more likely to 
develop in the tropics than in temperate regions. No one with a history 
of renal colic should be accepted. Black (1945) states that oxaluria was 
very common in British troops in India during the hot season. This is 
ascribed to the loss of body fluid by sweating, inadequate fluid intake and 
the presence of oxalate-forming food in the diet. There appears to be 
some connection with amoebic dysentery. Microscopically the crystals 
may be in the octohedral or envelope form, dumb-bell or biscuit shaped. 
A combination of oxaluria and hsematuria may be the direct precursor of 
calculus formation. Therefore oxaluria should be considered as debarring 
from tropical service. Enlarged and palpable kidneys may indicate 
congenital cystic disease, which is a disqualification. Special attention 
must be paid to the urine. Moderate degrees of albuminuria (physiological 
or postural) are extremely common in athletic and otherwise healthy 
young men, and the Editor is of the opinion that it is quite imfair to reject 
a suitable candidate merely on this account. It is different when there is 
an appreciable amount of albumin (5 per cent.). Numbers of casts in the 
deposit indicate a predisposition to severe refial disease. Sugar in the 
urine, however, is somewhat different. If a very considerable precipitate 
is obtained with Fehling’s and Benedict’s solutions, then a blood-sugar 
curve estimation must be done. No diabetic ought to be passed for 
service in the tropics unless he can be kept under strict supervision. 
Opinions vary about renal glycosuria. If the candidate has a low sugar 
tolerance with a low renal threshold for glucose, he is best out of the 
tropics, as the condition may possibly predispose to true diabetes. 

The cellular deposits of the urine should always be examined. Subjects 
of phosphaturia, so-called phosjihatic diabetes/’ owing to the 
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concentration of urine wliicli occurs in a hot cl iinaiis unsuittihlt^ Thosc^ 
showing evidence of Bad. coll or streptococcal infection imisi. bci roji^ctod. 
A constant source of trouble is urinary tuberculosis, on a(*count of the 
difficulty of detecting the tubercle bacillus; but wluui large iiuuiIhts of 
pus cells are present in the urinary deposit withouii other juscertiunable 
cause, tuberculosis should be suspected and the (‘.audiclate rejected. 
Chronic gonorrhoea and chronic prostatitis are always a sourct^ of ir<)ul)le 
and a reason for rejection. 

Female candidates . — Among women, disorders of the genital organs 
tend to dominate the picture. Since impairimuit of the menstrual funciious 
is usually aggravated by trt)pical residence, the nu'ustrmil history imist be 
carefully investigated. Those incliimd to dysnienorrlKca or nxmorrhagia 
should he forbidden, if possible, to go oMt. Hubjenits of pmdodic amen- 
orrheea suffer more in the tropics, and the saiiui may h(‘ said of ut(rino 
displacements. VVonioii who are ])rtHUsposed to nuscarriagi^ an^ luoro 
liable to this accident under tht< loss civilized c()nditi()ns of tlu^ iropics. 

Minor vaginal or uterine disabilities, such as vaginal discharges, may 
bo overlooked. Women in advanced prt^gnancy should tiot attinupt to 
go out, and it is aclvisahlo that a priinipara should not ]>r()(‘etd t.o a hot 
climate in the middle of her proguancy. 


Integuments .—Special attention must be paid to tlie skirt, hair artd 
nails. Alopecia is^ apt to progress under tropical cotnli lions. OraM 
and hfitllc flails indicate a feeble constitution. Clubbed fluijcTif may 
indicate cardio-pulmonary disoaso, or may bo mt^ndy a congenital (lit 
forinity. Anyone with an abnormal slm must btt specially iuv('stigai(ul. 
It must always be borne in mind that tho skin, as an organ of oliminaiion 
and motabolisin, is much more important iu tropical than in iompt^ruto 
countries. Subjects of deficient swttating (anidrosis), unabltt to swi^at 
freely, not only suffor acute discomfort but are in dangt^r from luuit stroke 
and heat exhaustion. Therefore, candidates having dry skins (xt^rodt^rma) 
and ichthyosis should bo rejected. Ou tho other hand, individuals whose 
sweat-glands are abnormally active do well. 

^ Septic spots on the skin of the back and chest are frociiunitly (uuH)nnt(^r(Hl 
in young men and, though each case should be judgiKl on its merits, it 
must be remembered that residents in most tropical countries, but ospocially 
in West Africa, are particularly liable to septic infections, especially boils, 
so that anyone who is specially susceptible to the staphylococcus should be 
considered unsuitable. 

Psoriasis is always a difficulty. Milder degrees may be passed over, 
and as a general rule are apt to disappear in very hot countries. Extensive 
psoriasis, however, especially when associated with suppuration, should 
debar from the tropics. 


Acne.^md acne is usually improved by heat, but McLaughlin ( 1945 ) 
round that pustular and cystic forms of acne are aggravated by tropical 
service and that this form of eruption may develop in hot climates. 

Eczema of all kinds is a distinct disability and so are sensitive, allergic 
skins, and those liable to intertrigo. 
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Central nervous system. — Nervous control is of paramount im- 
portance in the tropics. All exhibiting neurotic and hysterical tendencies 
should be rejected. Ejpilepsy is not always easy to detect, but epileptics 
must on no account go out. Any chronic affection of the spinal cord, e.g., 
Friedreich’s ataxia or spastic paraplegia, is a disqualification, as is a 
previous history of encephalitis lethargica or cerebro-spinal meningitis. 

A candidate has sometimes suffered from infantile paralysis. If it 
merely affects one limb, and the muscular atrophy is not too extreme, he 
may he passed, though it must be understood that the tropics is no place 
for a cripple. Exaggerated deep reflexes and tremors of hands or tongue 
denote that the candidate has an unstable nervous control, and that he is 
unsuitable. 

Anaemia. — Persons with anaemia which cannot be adequately explained 
are usually in poor health; they are “below par,” and this suggests 
that they are lacking in vigour, energy and initiative. The pale 
young man or the sallow woman is unsuited for tropical residence. The 
haemoglobin content is probably more important from this point of view 
than the red-cell count. Secondary anaemia usually indicates some 
underlying condition. It may be digestive, pulmonary, or even cardiac. 
Pale faces become paler still in the tropics, and the condition is more 
likely to progress there. 

Affections of the thyroid. — The possibility of hyperactivity or 
insufficiency of the thyroid gland has to be kept in mind. The Editor is 
convinced that all thyroid tumours, whether adenomata, cystic adenomata 
or thyroid hypertrophy, are definite contra-indications to tropical service. 
The form of hyperthyroidism (usually due to substernal thyroid) which, 
though not leading to exophthalmic goitre, yet produces thyrotoxicosis 
with a special strain on the cardiac muscle, is particularly to be feared. 
The thyrotoxic heart is apt to be produced by exposure to tropical con- 
ditions, and may progress unchecked and end fatally. All degrees of 
hypothyroidism are also unsuited to tropical conditions. 

Other endocrine disorders. — ^Endoerine disorders, such as hyper- 
pituitarism, hypopituitarism, “Frohlich’s S3aidrome,” achondroplasia, 
and developmental anomalies, are to he excluded. 

Gout and rheumatic arthritis. — ^A gouty diathesis is occasionally 
seen in comparatively young people, and may manifest itself in many 
ways. Gout may actually be provoked or aggravated by tropical con- 
ditions, and therefore must be regarded as a contra-indication. There 
is a popular idea that rheumatic affections of the joints are improved by 
exposure to heat, but this is far from true. Usually they are aggravated. 
The same is true of fibrositis. 

Other disabilities. — Even such minor blemishes as the state of the 
feet mnst be inquired into. Deformities, club foot and hammer toes, in 
those who may be called upon to undertake long marches, may be held 
to he distinct disabilities. Eungus infection of the feet is particularly 
intractable under tropical conditions. 

Preparations before sailing. — ^All those who are proceeding to 
the tropics and subtropics, whenever they come into contact with native 
servants, and whenever they mix with the native population, or whenever 
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they are forced to live in loss sanitary siiiToandiii^rs i'lian they have boon 
accustomed to, should he inoculatod about four wnohs bi^fon^ departure 
against typhoid and paratyphoid (T.A.Ih) (m; p. 8122), Aui.ichok'ra and 
antityphus iuociihitions, which are routiiio in Iho S(‘rvic('s, tnay ikhh's- 
sary for those who ani going out to the coimtrios wluu-o t.h(‘S(' (lis('as('s are 
endemic. They should also bo rovaccinahul (one mark), if tliis has not bia^n 
done within the three previous years. Vhuy ofbm this va,(*ciiKition may not 
cause any obvious reaction, or hi popular Iangua.g(', may iio(, “ ^n,k(^” but 
it must bo attempted none the less. Tlie vaeciiuition may b(‘ eonvimienily 
porfonued at the same time as <Jie si'cond inocmlaition. If for other 
reasons, such as business uiatttu*s or jiri'fiaring for d(‘partun‘, (dnui instances 
prevent this, both inoculation and vaccinaiion can bo givuui on board 
ship if the voyage is long (uiough, e.g., tlu^ jounu'y to India.. Allowanei^ 
must bo made for any possible reaction. Th<‘reaftt*r il. should be tins rule 
to repeat the vaccination every live yea.rs a.iid (lu^ inoculations ovmy 
three years. Those procetuling to i.lui \\T‘st (kmst or other parts of Africa, 
and to South Auuu-ica, where yidlow fi‘ver is midiunic, an^ strongly iirgisd 
to be inoculatod against this disease (,w p. 8^8). It. must hti (unpha.sizid 
that out of the many tliousands who have now Ihh'U prob'chul only a 
very few have contracted yellow f(‘V(u% and it is now coni})ulsory for 
all passengors flying to a.uy part of Africa, iimminity [iroducixl 

lasts for four years. 

PHYSlOLOaiOAL KmxITS Olf A HOT CLIMATH 

Body temperature.— On passing from a tenipcralc to a tropical iditnaiis 
a slight rise in body toinperaturo occurs, raivly o.\ cotiding bf)'' lA, and, after 
arrival in the tropics, the body tomporatuni of the newcomer niinains slightly 
elevated. In fully acclimatized Europeans it sottk^s down to normal, but tends 
to rise after severe exorcise. Jh’eiiil found the rectal tetnpm’aiuui to Ixi 11)1" ¥. 
(38-3^ C.) on really hot days. Renbourn and Bonsall ( h)4-()) have found a higlicr 
mean temperature of Europeans in tropical climates. Ify using an ordinary 
clinical therniomoter, with oral and rectal tomperaturos in Indian and British 
troops, higher levels wore recorded than those generally accepted as normal. 
Oral temperatures up to 100*0“ E. and rectal temperatures up to 101" lA may 
be recorded in apparently normal individuals. A significant corrilation cd- 
eflioient is not always found between nesting oral and rectal temperatures. 
Exercise m the sun may cause a fall in the oral toinjioraturo. 

Low fever. — Low fever is the term given to a little understood clinical picture, 
which is known by this vague description all over tlie world. It is charactcrissed 
by lassitude, debility, and a long-drawn-out alight rise of temperature, which is 
frequently seen in children. Very little has been written about this condition 
in textbooks, but all are agreed that, in spite of the most searching baotoriological 
and biochemical tests, no specific organism can bo held responsible. If low 
fever cannot be assigned to constipation, latent malaria, amcebiasis, closed 
tuberculosis or gonorrhoeal prostatitis, then it is certainly duo to climatic causes, 
and probably “ climatic fever ” would be a bettor term. Most people bceomo 
acclimatized to heat, but there are some whoso heat-regulating mechanism 
cannot adjust itself fully ; it is in these that cliinatio fever is seen. The tem- 
perature seldom rises above 100“ F. at the hottest period of the day ; but the 
most noticeable feature is that the daily minimum is raised the same amount 
as the maximum. The daily variations remain ike $(me as beforCt but the entire 
fevd is shifted upwards. Some of these patients feel htdlly at times, and dtuing 
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these spells are most uncomfortable. Occasionally, too, there are periods of 
excessive sweating. 

Skin reaction. — The regulation of body temperature is effected by evapora- 
tion of water from the surface of the body and from the lungs. It lias been 
shown on a white skin that the temperature falls with the appearance of perspira- 
tion, and the greater the degree of perspiration the greater the fall of temperature. 
A brown or black skin absorbs more heat than the white skin, and the point 
where perspiration shows itself is reached earlier in the brown-skinned, showing 
that the cutaneous heat-regulating apparatus is more sensitive than that of the 
white man . In especially sensitive skins a particularly irritating form of urticaria 
— solar urticaria— has been described. A certain protection is given to skin 
sensitized to sunlight by the use of a cream containing quinine, ichthyol, or 
disodium naphthol sulphonate. 

Respiratory exchange.— The cooling process is brought about by evapor- 
ation of water from the lungs. This is also to some extent effected by the 
attraction of the blood to the surface of the body. The place of the blood thus 
transposed is taken by air, and this is one of the reasons why the lungs weigh 
less in hot than in cold or temperate climates. The lung capacity is increased, 
and thereby the respkatory rate lowered. 

Urinary excretion. — The excretion of urine is diminished with excessive 
sweating. The daily output of a normal adult in the tropics is 500-600 ml., as 
against 1,500 ml. in temperate countries. The urine is concentrated, but 
apparently contains the same amount of waste material as that found in 1,500 ml. 

Blood. — The effect of what is termed primary adaptive reaction falls mostly 
on the blood. Vaso- dilatation comprises a rise of temperature of the part, 
transudation of fluid through the vessel wall into the tissues, increase in the 
insensible perspiration and in the amount of sweating, visceral vaso -constriction 
and blood dilution. Dilution of the blood is an early phenomenon which is 
succeeded by the opposite process when there is fluid loss from sweating. Investi- 
gations made in Java, the Philippines, Queensland, West Africa and Iraq indicate 
that climate alone produces no change in the formed blood elements, except a 
shift of the Arneth index to the left {see p. 1077). Nor does it produce any 
change in the haemoglobin content or the specific gravity of the blood. Be 
Langeii and Schut in Java asserted that in the newly-arrived European the 
blood sugar is augmented ; or, at any rate, there is a rise in the fasting level. 
On the other hand, Sundstroem concluded that the endocrine glands in the tropics 
exhibit a decrease of functional activity and that, therefore, a parallel decrease 
in blood sugar should take place. He found this in European individuals of 
both sexes who had lived in the tropics since birth. A positive correlation, 
moreover, was found to hold between the sugar values and the lecithin and 
cholesterol ratios of the blood. 

The non-protein nitrogen, on the other hand, was about 25 per cent, higher 
than the standard average, hut the urea, uric acid and total creatinin were 
normal. It is thought that endogenous and exogenous toxic substances, usually 
excreted by the kidneys, may be retained, and possibly predispose to the greater 
susceptibility to nephritis in a tropical climate. The phosphorus content of the 
whole blood was found by Sundstroem to be normal in individuals who had spent 
loss than one year in the tropics, after which it dropped to 9 mgm. per 100 ml. 
for men, and 7 mgm. for women. Various suppositions are advanced to explain 
the diminution of blood phosphorus in“the tropics. It is thought that a climatic 
stimulus may temporarily throw an excessive load on the mechanisms which 
supply phosphorized mat^al for anabolic processes. The content of total fatty 
acids in the blood of tropical residents appears to be considerably lower than the 
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available standard figures for cooler climates, and tins is ilioiiglit by cle La.iigi’in 
to explain the rarity of gall-stones in Malays and Javaiu'sc. 

Digestion. — At first, as every traveller will t<\stify from ('XperuMU'c, there 
is a stimulation of appetite, as well as of the digostive function, but this is a 
passing phase, and is soon replaced by a diininutiou of a])p(‘tit(‘. auid a lowering 
of the digestive capacity, together with a diminished desiri'. for a-iiimal foocl. 
Diarrhoea and loose stools are almost invariable on lirst exposure' t.o l.ropical 
conditions, and arc soon followed by constipation. These “ eliniatie- diarrhivas ” 
are probably due to chills. Those subject to them should wear ti woolhm hindiu’ 
and avoid eating fruit, such as mangoes. Whencviu’ an ait-aick thix^aiiui.s a 
preliminary aperient, such as a tablespoonful of castor oil, should Ix^ followed by 
10-15 drops of clilorodyno in water. 

Circulation. — Exercise and humid heat produce a rise in blood- pressure, 
and also in the pulse-rato (Breinl). The average systolii^ blood -pressure shows 
a tendency to fall concomitantly with profinsc! swcniting. Thc^ dia,stoli(^ pri'SHun^ 
closely follows the systolic. 

Nervous system. —On the nervous system tlie first (dTcid.s are those of 
stimulation, followed by depreasion, and when the lathu’ ia prolongcxl a lu'uras- 
thonic state with loss of memory ('‘West Coa.st memory”) is produ<*('d. In 
tropical residents of long standing tlicro is an exaggeration of tbo dei'-i) ndlexes, 
tachycardia and, eventually, insomnia and abnormal reaefidon to stimuli, whicT 
indicate a loss of control by the higlicr centres, and result ofkm in umx'asonahlo 
mental irritability. J^loctrical conditions also powerfully ailect the lu^rvouH 
system. Among European children, c.specially, th(^ wliok^ nervous syst.t'm 
appears to bo in unstable equilibrium, resulting in frotfiiliu^ss, pctwisluti'SH a^id 
often in frank hysteria. 

Generative functions. — In both sexes there is at firsti a Htimulation of 
the sexual libido, but excess is soon followed by exhaustion, and ofti'ii by sixxual 
neurasthenia. In children, puberty is attained at an (uirUt'r ag<\ so that in 
European girls menstruation eomincnc.es about a year (uirlier than in temperate 
climates, but the onset of the monopaiiso is not retarded. 

Growth. — Growth in children is rapid, and they are usually under w(5ight 
and lacking in physical strength. European children brought up in the tropics 
are generally described as “ weedy.” 

Acid-base equilbrium and basal metabolism.— Sundatroom and Radsma 
are the only authorities who have carried out much work on those ])rohlcms. 
The former finds that, as a rule, the alveolar carbon dioxide tension is lowered 
in the tropics. An alkalosis is present in the majority of tropical residents at 
the height of the hot season, and may have an undesirable offecit on physical 
well-being. It is suggested that adequate water intake and muscular exenfise 
may prove effective in combating this tropical alkalosis. Disturbancsos of 
endocrine function have an important effect on energy metabolism. Sundstroem 
found that the basal metabolism varied between 25'5 and 36*1 calories, with am 
average of 31. Variations in the dry- and wet- bulb temperatures may afic’ct 
the level of basal metabolism in certain individuals. B,adsma concludes that 
the basal metabolism in Europeans is reduced, or is, at least, lower than the 
standard values which obtain in Europe and America. 

Perspiration. — Adaptation to high temperatures involves an incroased 
capacity to produce sweat, a greater sensibility of the temperature regulatory 
apparatus, and, probably, a power to limit salt loss. In failure, such as that 
due to excessive salt loss, or to a steadily rising temperature, the sweat glands 
may be at fault. Anyone who is exposed to high temperatures should take 
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warning if a degree of exhaustion increases with each day of work, and if his 
degree of recovery decreases with each night of rest (Dill). 

Sweat varies in composition, depending upon its rate of production. In very 
hot weather, salt depletion is high, not only because of the large volume of 
sweat produced, but because this sweat is unusually high in salt content. While 
the glands excrete lactic acid, it is believed that this is not wholly dependent 
upon muscular exercise. 

Thirst . — ^Thirst does not necessarily depend on a dry mouth, nor does it depend 
on the volume of blood plasma, or of the extracellular phase of other tissues. 
It depends upon the diminished water content, and possibly upon increased 
osmotic pressure of body cells. While thirst may be somewhat alleviated by 
rinsing the mouth, it can be satisfied only when water has been delivered by the 
blood-stream to the tissue cells demanding it (Dill). 


PATHOLOGICAL EFFECTS OF TEOPICAL CLIMATE 

Tropical heat produces in fair-skinned people a characteristic pallor, sometimes 
with a yellowish discoloration of the skin. This tropical pallor, so commonly 
seen in Europeans long resident in India, has to be distinguished from tropical 
anaemia. The appearance of anaemia in these people is due to blanching of the 
skin, from thickening of the surface layer and increased pigmentation. 

The tropical light produces effects in the skin, which may he acute or chronic. 
They range from a slight sunburn to a severe erythema, accompanied by blisters 
and oedema, so that a reaction may set in produced by septic absorption. Some- 
times this may be so severe as to produce delirium, or even coma. Chronic skin 
irritation is shown by pigmentation and by vasomotor changes; that this is a 
process of natural selection is demonstrated by the skin pigmentation of most 
native races, so that the nearer the equator, the darker the skin, whilst that of a 
European long resident in the tropics tends to darken. When slight pigmenta- 
tion is established, probably as the result of increased blood supply, hair and nails 
grow more rapidly. Freckles — small brown pigmented macules — are specially 
apt to occur in sandy, red-haired, or fair children brought up in a tropical climate, 
and are often very disfiguring. Chronic solar dermatitis, or sailor’s skin, 
especially at the back of the neck, is characterized by atrophy, wrinkling, pig- 
mentation, white atrophic patches, telangiectases and warty growths (solar 
keratoses), some of which, especially when situated on the dorsum of the hands, 
eventually become the seat of basal (rodent ulcer type) or squamous-celled 
neoplasms. 

Summer eruption is a polymorphic eruption of erythema papules, vesicles, 
weeping areas, crusts, pigmented macules and small depressed scars, which occurs 
in exposed parts, especially among children. 

Urticaria is occasionally produced by the actinic rays. Xeroderma pigmen- 
tomm (Kaposi’s disease) is a congenital condition of light-sensitiveness, such as is 
produced by X-rays on a normal skin. This manifests itself by pigmentation, 
telangiectasis, keratoses, and finally epithelioma, and is produced by the ultra- 
violet region of the spectrum. It is said to be more frequent in the tropics than 
elsewhere. Cheilitis actinica is a condition of the lips caused by burning by ultra- 
violet light at high altitudes in S. Anatolia. Secondary carcinoma often results. 
The effect of tropical sunlight on the eyes is well known to produce glare con- 
junctivitis, necessitating smoked or tinted spectacles. Pterygium, or a triangular 
fibrous growth extending over the conjunctiva to the pupillary margin with its 
base towards one or other canthus, is common in tropical residents, and is con- 
sidered to be a natural reaction to intense sunlight. OEdema of feet and legs in 
young adults is frequently noted on first entering a tropical climate. It is of 
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LIFE IN THE TROPICAL CLIMATES AND GENERAL DISEASES 
OCCURRING IN THE TROPICS 

CLOTHING AND GENERAL HYGIENE 

Thu sun helmet (or topee) should be white or khaki and have a dark or green 
lining and is known as a solah topee. This is no longer considered as essential 
for protection against the sun and has now been discarded by the military 
authorities. A soft felt hat, such as the “ double Terai,” is the best all-round 
headgear. During the 1939-1945 war a felt hat with an exaggerated brim of the 
“ Buffalo Bill ” type was much the most useful and stood up to all kinds of 
weather and did not become pulped in the rain as does the more cumbrous topee. 
The deleterious effects of the sun’s rays on the cranium have been proved to be 
mythical. To prevent glare, and to mitigate the effect of light — as some believe 
that the ill-eflfects of the solar rays are exercised through the eyes — smoked or 
tinted glasses should be worn. 

Clothing should above all be loose, especially around the neck and chest. 
The fabrics usually worn are white or light-coloured, and cotton is best. A light 
flannel shirt is popular. Whenever washable trousers or shorts are not used, 
light cotton or calico drawers should be worn for the sake of cleanliness and 
to prevent irritation. A backless waistcoat should be worn in the evenings. 
Whore a coat or tunic is not worn, a spinal pad of dark material is very useful, 
and a strip of cotton sewn inside the shirt answers the purpose very well. Experi- 
mental work in the Philippines has shown that white or khaki are the best 
colours for external clothing in their power of reflecting heat. Khaki is preferable 
for thin clothing, White drill is stiff and not well ventilated ; tussore silk 
is better, but expensive. Most experienced travellers agree tliat tl© lighter 
the clothing, the better. Shorts are universally worn by men and, once the 
skin of the knees has become used to the sun, they have many advantages, the 
chief disadvantage being that they expose an extra skin area to mosquito bites. 
This, however, can be avoided by flaps which can be turned down under the 
puttee or legging. The provision of slits under the armpits of shirts and tunics 
is advisahlo- 

Tho “ cholera belt,” a popular mode of protecting the abdominal wall against 
chills, has been the subject of much criticism. Modem opinion, though con- 
demning the wearing of a woollen belt during the ordinary times of the day, 
considers such a protection indispensable when sleeping near a draught. The 
best protection is to wrap a broad binder or a towel, preferably of wool, round the 
waist. The experience of naval ofiicers during the recent war has revived 
interest in this ancient question. Kershaw (1947) has proved that non-specific 
enteritis, or even mild dysentery, can be traced to chill. It is common knowledge 
that chilling of the abdomen by rapid ingestion of large quantities of cold water 
or ice-cream, when the body is heated, gives rise to violent diarrhoea. Even 
the wearing of a wet bathing costume, whilst sun-bathing, may do the same. 
Observations on warships have shown that the plenum system of ventilation 
at night is the cause of acute abdominal pain, colic and diarrhoea. Men who 
sleep in hammocks are more liable than those in camp beds. Prophylactic 
measures consist of wearing a bush-shirt, or a loose-fitting shirt, with a cellular 
undervest. A change to thicker clothing should be made towards sundown. 
Cool drinks should be sipped slowly and sitting in direct draughts must be 
avoided. 
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Boots call for careful selection and should be half a size larger than those 
worn in temperate climates, as the feet swell readily in the heat. The coolest 
material for “ uppers ” is white canvas. Rubber-soled shoes arc liable to “ draw ” 
the feet. It is well to have a pair of gum hoots for the rains and for use at night. 
“ Mosquito boots ” are long hoots of thin white canvas or light soft h^atlier. 

Women’s clothing in the tropics. — As far as possible women’s (Nothing 
should be made of fine, soft material. It should consist of vest and knickers, 
which may have to be changed two or tliree times daily to prevent prickly heat. 
A loosely-woven cotton gauze, or a mixture of cotton with silk or wool, are host. 
Stockings, if worn, should be of cashmere, but bare legs are bettor. A white 
umbrella, or parasol, lined with green, is almost a necessity. 

Children’s clothing in the tropics. — Children’s garments should be 
soft, light and loose. In very hot weather cotton gauze is best for under- 
clothing, as the sensitive skin is very liable to prickly heat. 

I Food. — Large quantities of food are not well tolerated, though possibly 
this may to a certain extent ho attributable to monotony. The diet 
should consist of foods which produce a tninimum of heat. Of the true essential 
constituents, fats and oils have the highest caloric value, hence the almost 
instinctive aversion of Europeans to greasy and fatty foods in a hot climate. 
There is usually, also, a distaste for animal food, a fact which, to a certain extent, 
is explained by the poor quality of moat obtainable and the lack of variety in 
cooking, but it is true that excessive meat-oating is harmful, prol)al)ly on account 
of incomplete digestion, unless the body is being actively exorcised. This is 
true for most tropical countries which have a cool season, such as the Sudan 
or Iraq. Meat can safely bo eaten in the cold weather. 

Generally speaking, the indigenous products of tropical countries arc more 
suitable for food than any which can bo imported. Sugar is a very valuable 
constituent of the diet in the tropics, especially for Europeans on tho march, 
or on safari. Preserved dates and figs therefore have acquired a reputation 
among travellers, and it is wonderful how sustaining they prove, provided that 
the requisite quantity of liquid can be procured at tho same time. 

Breast-fed infants thrive as a rule, and it is said that the quality of tho milk 
of European mothers is usually not impaired by tropical conditions. Most 
women, however, cannot stand the strain of nursing their babies for any length 
of time. In Panama it has been found that the average milk of tho coloured 
woman foster-mother is richer than that of the European, and often upsets 
the digestion of the child, and in most parts of the tropics babies must be artificially 
fed. Cows’ milk being very rarely obtainable, it is necessary to use prepared 
foods, such as MelUrx’s, or condensed milk. Banana flour is an exoellent food 
for infants. 

Beverages. — An ample supply of water is vitally necessary, and the amount 
varies according to the climate. During the hot weather in the Deccan in 
India, where the percentage of moisture is very low, it was found by Hunt 
that Europeans who lived in tents and took a good deal of exercise required 
no less than three gallons of water per head per day. This was also recognized 
during the 1914-1918 war, in Iraq, where it was laid down that even a greater 
quantity than this might be needed under the conditions that prevailed. Even 
with this supply the excretion of irrine was by no means excessive. As much 
as 1^2 gaHons is required to neutralize the heat produced hy metabolism, quite 
apart fmm the heat added to the body by radiation and conduction. This 
hokis for dry climates, with a high dry-bulb temperature, but in still, moist 
atnio^her©B,;whe(Ee evaporation is at a minimum, imbibing large quantities 
^ fluid merely inoreases the discomfort. 
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Alcohol— Widely differing opinions are escpressed al:)out alcohol. By some 
—and it may he said the great majority— it is deemed a necessity and con- 
seq.iiently beneficial, whereas hy others, except for the old and infirm, it is 
regarded as a luxury and superfluous. Be that as it may, a moderate amount 
of stimulant, reserved as a “ sun-downer,” probably does no harm, reviving 
the flagging energy and lending some colour to an otherwise monotonous day. 
It is probable that the average healthy adult male can deal satisfactorily with 
IJ oz. of alcohol daily. Alcohol taken with the evening meal promotes good 
fellowship, stimulates the appetite and aids digestion, but the inevitable whisky 
and soda between meals is to be discouraged. 

Aerated drinks are universal, and are useful in aiding digestion. Th^ 
“ Frigidaire,” by providing cooling driiiks, which are beneficial in veh 
small quantities, has done a great deal towards the promotion of cjjrflfirt i 
health in tropical countries. 


SOME GENERAL DISEASES OCCURRING IN _ 

Behcet’s syndrome was described in 1937; it is charactered b^piffirent 
attacks of aphtha-like lesions in the month and on the geni^jilirf^mbined 
with ocular changes. It is a long drawn-out chronic disease and some 
fourteen cases have been reported. In smears from the lesions elementary 
bodies were found and when stained by Giemsa resembled Paschen bodies 
of variola. Ocular changes are hypopyon iritis and additional symptoms 
are erythema nodosum lesions, acneiform or papulopustular eruptions. 
Death may take place from cerebral attacks when multiple inflammatory 
foci are present in the brain (Berlin, 1944). 


Diseases op the Digestive System 

Little is known about variations in gastric secretion in the tropics, save 
that in ancylostomiasis and other worm infestations the secretion of 
hydrochloric acid by the oxyntic cells is reduced ; but it is a striking fact 
that gastric and duodenal ulcers are seldom encountered in native races 
living on a simple carbohydrate diet. This applies especially to Indians, 
Javanese and Negroes. As the result of 2,170 autopsies, Kouwenaar in 
Java concluded that ulcers of the stomach and duodenum are found only 
in 1 per cent, of Javanese as against 10 per cent, of Chinese, but they 
are said to be very common in Abyssinians, and this fact is ascribed to 
dietetic causes (Bergsma), Wanless finds them common in rural districts 
of western India, due to septic mouths and excessive stimulation by hot 
curries. Diverticulosis and diverticulitis appear to be very rare or almost 
unknown. 

Appendicitis 

Inflammation of the appendix is rare, and fulminating cases requiring 
immediate operation seldom occur in native races, in marked contrast to 
the frequency of this condition in European residents. In Indians, both 
Moslems and Hindoos, acute appendicitis is extremely rare and the 
Editor has seen only two eases in over thirty years. 

Tolvulus of the small intestine, part or whole, is the commonest cause 
of intestinal obstruction in African natives (Kerr and Kirkaldy-Villis). 
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It occurs between 25-40 years. The chief complaint is abdominal pain 
and tympanites ; vomiting is not a feature. The practice of taking larg(^ 
gruel meals is held to be responsible. According to Ogilvie the greater 
motility of the alimentary canal due to the more extcnsib^ mosontory is 
also a factor. 

Oa-BOinoma op the Stomach and Intestinal Tuact 

The rarity of malignant growths in the alimentary tract in native races 
has been the subject of much speculation. De Langon luis laid special 
stress on the fact that gastric carcinoma is noticeably absent a,inong tlu^ 
Javanese. The same is true in India and, as far as can lu^ ascertained, 
ill Central Africa. Tho comparatively short life-span of natives, in contrast 
to that of Europeans, may account for this differenco. 

ClRBIIOSIS OF THE IjIVER 

All writers on tropical pathology have laid stress on the frequency of 
liver cirrhosis with ascites among native races, where the influence of 
alcohol can be discounted. Excluding cases caused by parasitic infeciion 
there remains a residue, of unknown aetiology, resembling the cirrhosis of 
Lsennec. Oudendal and other Dutch observers believe that the condition 
arises from chronic intoxication in a liver deprived of glycogen by nndor- 
nourishment and starvation and there are now cogent reasons for believing 
that it is the result of chronic malnutrition which is accompanied by 
fatty infiltration of the liver and changes in the pancreas (Gillnian and 
Davies, 1948) [see p. 447). 

Snapper regards this as one of tho commonest diseases of China and 
attributes it to intestinal intoxication in conjunction with dtdiciency of 
vitamins of the B complex. It is especially common in association with 
chronic bacillary dysentery and malnutrition. Megaw in India came to 
much the same conclusions (see p. 488). Ilyperprotinaemia is invariable, 
and there is inversion of the albumin-globulin ratio. The serum therefore 
gives a positive globulin test (see p. 158) and differential diagnosis has 
to be made from tuberculous peritonitis, adherent pericardium and kala* 
azar. A venous hum is audible between the xiphoid process and umbilicus. 

Banti’s syndrome with splenomegaly, anaemia, leucopenia and throm- 
bocytopenia, with varying degrees of liver cirrhosis, is also met, especially 
in China. 

Primary splenio abscess, which is very common in Ehodesia, was first 
described by Wallace at Broken Hill (Ehodesia) in 1922. He concluded 
that the abscess was caused by thrombosis of the splenic vein leading to a 
highly active necrosis of that organ when it had become secondarily 
infected. A tumour over the splenic area which is tympanitic is of itself 
suggestive. It is usually met in young adults. It starts abruptly with 
fever and pain in the left hypoohondrium. This swelling rapidly enlarges 
upwards and downwards, thus raising the left dome of the diaphragm. 
When a splenic tumour is present a tympanitic note is very suspicious. 

Diagnostic aspiration must be performed without delay. The aspirated 
pus is fluid, of a reddish colour, often frothy and sterile on culture. • 



DISEASES OF THE HEART 


15 


Diseases of the Gall-Bladder 

The rarity of cholecystitis in native races is striking. As the Editor 
has pointed out, there appears to be no direct connection between 
dysenteric infection and inflammation of the gall-bladder, nor is there any 
predisposition to cholelithiasis. De Langen and Lichtenstein report that 
among 150,000 out-patients in Batavia they were only able to make a 
diagnosis of gall-stones once, and among 422,943 other patients thirty 
times. Intrahepatic cholesterin stones, however, appear to be not in- 
frequent. 

Diseases of the Heart and Blood-vessels 

Valvular heart disease in the tropics is usually syphihtic. Williams 
(1938) in Uganda found that syphilis accounted for 58 out of 94 cases of 
heart disease and that “ syphilitic ” heart is five times as frequent as any 
other cardiac condition ; aortic syphilis (aortic regurgitation) was found 
in 86 out of 894 post-mortem examinations. The average age of onset of 
symptoms in natives is forty-one years, i.e., considerably earlier than in 
Europeans. Macfie and Ingram (1920) found cardiac aneurysm very 
frequent on the Gold Coast. Aneurysms, often multiple, are extremely 
common in the Chinese, and rupture is one of the most frequent causes 
of sudden death. In a series of 3,705 autopsies Davies in Uganda found 
cardiovascular conditions leading to congestive heart failure in 229. 

Rheumatic valvular disease is a subject upon which much more precise 
information is required. W. T. James had never seen a case in twenty- 
four years’ practice in Panama, and J. T. Clarke, in a series of 150,000 
patients in Malaya, had the same experience. There is some evidence 
(see p. 19), that rheumatic infection does occur. Chesterman has seen 
typical rheumatic hearts at autopsy on the Congo. Barnes has found 
rhetimatio carditis with valvular disease comparatively common in Tijians. 
Davies in Uganda, in a series of 2,994 autopsies reported evidence of 
rheumatic carditis only in 22 cases : mitral stenosis in 21, acute bacterial 
endocarditis, on the other hand, was present in 2 -5 per cent, of all autopsies. 
Sclerosis of the coronary vessels appears in normal frequency with advanc- 
ing age, as in Europeans, but it is a curious fact that the clinical syndrome 
of angina pectoris is usually absent. Formerly it was believed that 
arteriosclerosis was peculiar to the educated European classes, but recent 
researches indicate that, whenever the age is taken into consideration, 
there is practically no difference in vascular changes, which are at least as 
common in warmer countries as in the colder. Hyman (1946) found 
arteriosclerosis to be unduly common in Melanesians. Most were too old 
at fifty and many of thirty years had tortuous arteries. Blood-pressure 
readings as high as 280 systolic and 115 diastolic were recorded. Pul- 
monary and apical systoho murmurs are common in these peoples. Davies 
in Uganda has found that hypertensive renal disease accounted for 31 per 
cent, of all cardio-vascular conditions and was commonest between the 
ages of twenty and thirty. Hyperpiesia appears to be practically absent 
in poorer natives living on a carbohydrate dietary, though Wilkinson finds 
it common in South China, tending to increase with westernization of 
habits. It should be observed that the normal blood-pressure, systolic 
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a, lid diastolic, in natives in ilio Irojiics, owing to smaller int.ako of protoin, 
is 10“15 nmi. of inorcurj lower than tlio normal in Ihiropi^ in ihoso 
suffering from sulmuiritiou, it is lower still. Under the lioading of 
“ endocardial librosis — a form of lu^art disease which is ])('culiar to the 
tropics-^-lias been discussed by (Iraj (11)51). First doscribml by Jossornnd 
and Gallavardin (11)01), a. scuies of 10 cases of mu^xplainial hea.rt failure in 
African troops was investigat.ed by Jhulford and Konstain in 1 Odd. Davies 
has found it in 36 oid. of 8,751) necropsios in tlgamda ; Fdg(^ one in a 
European in W. Africa, and Gray two oGiers in Jhiropeans in Nigeria. 
Clinically this condition revoals it^sGf as coiigi^sGve liinirt fa,ilur(^ of 
insidious onset in young adults. Tluj main features an^ cardiac i‘ularg(5- 
ment, low blood’]m‘ssuro and sinus anhyihniia. Eli'ci.roeardiogrivm 
shows low-v()hag() curves wilh iiuua'sion or llattcming of ihe “ T vvaviu 
Embolic plumoniona and opa({ue endocardiiini with fibrous iissno i^xtond- 
ing into the otul()(*.ardiaJ myocardium and mural thrombosis arc almost 
always preseni.. Tlio apical portions of tlu^ vimtriclos are most commonly 
invohaHl. Endocardial librosis is commonly associated wdth oosinopliilia. 

The Editor who has soon i.wo fatal cases in Europeans from Nigeria 
suggests an association wii.h tropical eosiuophilia. Gray btdiiwos tlrnt it 
belongs to an ill-deliuod cai.ogory of collagen diseases and idiat A.tbT.ll. 
or cortisone should bo triiul out in those cmisos. 

The jnvoiiilo form of thronibo-angiitis obliterans (BiirgiT’s dis(Miso) 
appears to be common in native races and especially amongst tlui SoiitlKum 
Chinese. 

Acute thromhophlobitis, originally doscribod by (lolfand in North, ern 
Rhodesia, assiimtMl opidoinic proportions in blast Al‘ri(*.a during 11)48' 44. 
Thrombophlebitis is accompanied by jiyroxia of a relapsing charac-tm*, 
sometimes associated with stiff tu,^ck. Idiroe varieties of this syndrome 
have been described: (1) a short-term fever with stiff nook often followed 
by relapses, (2) thrombophlebitis affecting one or more limbs, (3) pyri^xia 
without evidemt phlebitis. Most of the cases had been Bubjootod to 
venipuncture and there is somo evidence that the primary cause may lie 
a virus possibly transmitted by syringes (C. Manson-Bahr and Ohurt(^rs). 
This suggestion has received some support from pathological studies 
which reveal proliferation of young capillaries and the presonco of 
phloxophil intracytoplasmic inclusions. Gelfand (1947) has described 
symmetrical gangrene of the feet occurring in Africans from Mashonaland 
preceded by pain and oedema. It was seen only in males between twenty 
and thirty-five years. The gangrene occurred simultaneously on both 
sides. In four cases it was limited to the tips and pads of all the digits, 
but in one the whole of both feet up to 3 ins. above the ankle-joint was 
affected. There was no relation to malaria, syphilis, arteriosclerosis or 
ergot poisoning. In general this condition resembles the disease described 
by Lewi^ as due to damage to the internal coats of the digital arteries. 

Gelfand now suggests that, in addition to affection of the vein, there is 
associated spasm of the corresponding artery and that this is the cause of 
cedema which is so striking a feature of this disease. It must bo 
remeinbered that m pure venous thrombosis there is no oedema, no tender- 
ness, little, if any, pain, but greater liability to embolism. 
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On the assumption of spasm planocaine may be injected into the lumbar 
sympathetic ganglia of the side corresponding to the inflamed vessels with 
the object of eliminating spasm. Gelfand now thinks that some of the 
cases of gangrene which have been described in Africans may indeed have 
been the result of arterial spasm. 


Diseases op the Kidney and Genito -urinary Tract 

Vesical and renal calculi are amongst the most common conditions 
encountered in the tropics, the former being the more frequent, especially 
among boys and young men. Little is known of their exact causation. 
By some the explanation is thought to lie in the high concentration of 
the urine ,* by others in an unbalanced dietary with lack of vitamin A. 
Urinary calculi are specially common in South China. Where urinary 
schistosomiasis is common (Africa), the eggs of Scliistosoyiia hcBmatobium 
frequently fofm the nuclei of calculi. 

Acute nc'pliritis (acute glomerulonephritis) is commonly encountered, 
and is attributed to septic intoxication. De Langen and Wilkinson remark 
upon its frequency, especially in conjunction with scabies and with super- 
added septie infections. The clinical picture of contracted kidney with 
accompanying cardiac hypertrophy and hyperpiesia is rarely seen in 
indigenous natives, but in those who have adopted European habits, and 
in Chinese and Europeans in the tropics, it appears to be as common as 
elsewhere. The rarity of granular kidney is possibly correlated with the 
simpler diet and its low protein content. Chronic nephritis is especially 
common in South China. 

The clinical picture of nephrosis (E. von Muller) is frequently seen. This 
is characterized by extensive and widespread oedema, and a high, but 
usually variable, albuminuria. There is a low total protein in the blood, 
and an inverted albumin-globulin ratio with increased cholesterolsemia. 
The urea and residual nitrogen are unchanged, whilst the blood-pressure 
remains normal without effect upon the heart. Nephrosis has often a 
syphilitic basis, and may be seen together with quartan and sultertian 
malaria {see p. 52). When all the causes are considered, there still 
remains a considerable proportion of cases without ascertainable 
aetiological basis, though many are found in association with 
ancylostomiasis. 

Gonorrhoea, with its accompaniments, is one of the most common and 
widespread infections throughout the tropics. No one can estimate the 
extent of its prevalence or the disability that it causes. Not only is it 
responsible for joint and eye affections, hut also for much serious disease 
of the female genitalia. Blacklock, in a thorough medical survey of 
Sierra Leone in ,1930, estimates that 50 per cent, of males over fourteen 
have active signs and symptoms of this infection. 

Epidemic epididynio-orchitis occurs in Malta and resembles the non- 
specific form described in England (Ainsworth-Davis). The fever which 
accompanies it occurs in two phases, a prodromal, followed by testicular 
fever, lasting four days. The testicular swelling subsides during the first 
week and resolves within a month. Atrophy occurs rarely. 
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Diabbtks and Glyoosuria 

It has long been believed that true diabetes {diabdcs mdlitus) is very 
common in all parts of tho i.ropics. This is possibly duo to a high 
consumption of earboliydraies. The faci, is that sugar (or wubstancos 
which reduce Fehling’s and Benedict’s reagents) is comparatively often 
found in the urine amongst the Europeans and better-class natives in the 
tropics, but seldom in natives of tlio poorer class. Do Langon, for 
instance, si^ates that tho incidence of diabetes in the Javanese is about 
1 in 11,000, i.e., less than 0*01 per cent. 

In India and Pakistan, diabetes is found among the richer people. Its 
comparative rarity in poorer natives is possibly to bo ascribed to their 
shorter expectation of life. Diabetes usually develops in patients of 
riper years — those over lifty — and this factor may play a cousiderablo part 
in statistical records. Tho relationship between obesity and diabetes is 
probal)ly also important. Obesity is seldom seen in tho average native, 
but among Die ricli, wlio caii ijidulge more freely at table, a relatively 
higher incidence is observed. 

The largo inmiber of cases of benign glycosuria in tho tropics is remark- 
able, and these include the condition known as “ renal diabetes.” In tin’s 
condition the blood-sugar content should not rise above normal Patients 
with benign glycosuria feel perfectly well and show none of the usual 
symptoms of diabetes. The outlook in renal diabetes is favoura])lG and 
the expectation of life is not affected. 

GnNBUAL Diseases 

Gout, — It has always boon held that there is a close connection between 
gout, obesity and overeating. It is also agreed that during thcj last half- 
century the incidence of this disease has almost everywhere decreased. 
It is always assumed that gout is very rare, or indeed non-oxistout, among 
tropical natives. Certainly it is soldom, if ever, observed in primitive 
peoples, and then only in those who have adopted European habits and 
customs. The Maliomniedans suff(w occasionally, while tlu^ Hindoos are 
said to escape entirely. In Munson’s time gout was very rare in China, 
and in his diary ho recorded one instance of gouty concretions in a China- 
man as an event of great importance. De Langen states that it has 
occasionally been observed in Java and the Bast Indies, but records 
in British India and in Central Africa are quite exceptional. Gout is said 
to be unlcnown in Egypt and in all the countries along the northern short^s 
of Africa. 

Endemic Fluorosis with characteristic mottled dental enamel and 
spondylitis occurs in its extreme form in some parts of India (Madras 
Presidency; Shortt and McEobert, 19B7), and especially in Kweichow at 
the northern tip of Yunnan, China. It is due to drinldng water containi)ig 
fluorine. 

Rickets-—^' YozA&as” (Gold Coast). — Jelliffe (1951) has stated that, 
though rickets has been generally considered to be a rare disease in the 
tropics, it is found in West African cliildren on the Gold Coast. This 
form is of a mild type and is ascribed to deficient maternal diet, to 
prematurity and insufficient exposure to ultra-violet light. 
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The diei.ary deficiency is due to prolonged breast feeding and weaning on 
a diet consisting mostly of carboh^^drates with a complete lack of 
Vitamin D. The deficiency is accentuated by interference of calcium 
produced by phytic acid, which is present in maize (as in the maize paste 
known as “ pap ”). In children under two the anterior fontanelle is 
widely open with a soft spongy edge. There is gross cajput quadraktm and 
bossing of skull with classical “ hot cross bun ” {cajput natCforme) appear- 
ance. In older children of eight to twelve the bosses are occipital and the 
X-ray appearances are likened to hair standing on end, or “ needle forest 
apiculation.” 

Arthritis. — Arthritis, including the infective and rheumatoid forms, 
occurs in native races, but to nothing like the same extent as in Europeans 
in temperate climates. Exact figures are very difficult to procure, as it 
is necessarily very dififcult to exclude gonorrhoeal arthritis. The available 
information has been included by McKinley in a table which purports to 
give the relative figures of incidence in various tropical and subtropical 
countries, but it is doubtful if the figures can be considered really reliable. 
In Ceylon, for instance, the number reported annually is given as 4,029, 
and the figure of 2,328 for the whole of India can hardly be considered 
accurate. 

Dowling (1946) has described in Northern Australia a form of epidemic 
polyarthritis not reported elsewhere. It occurred in outbreaks of short, 
mild fever accompanied by polyarthritis, by pain and stiffness of several 
joints, especially those of hands and feet. Occasionally the knee joint is 
affected. The periarticular swellings persisted for 4-9 days. In the 
majority there was a papular or macular rash on the seventh day, occurring 
on the trunk and limbs and lasting 2-7 days. 

Acute articular rheumatism.— This apparently exists all over the 
w^orld, but infrequently in native races, especially where the climate is 
hot and dry ; consequently, the incidence of rheumatic valvular disease 
of the heart is correspondingly rare. There are those who state that they 
have never seen rheumatic fever or endocarditis in a lifelong experience 
in India, Malaya and Central Africa. Thus, Mackinnon states that chorea 
is never seen in East African children. Fernando in Ceylon, however, from 
extensive clinical and pathological observations, found that rheumatic^ 
infection is an important cause of carditis and accounts for one-quarter of 
the total number of cardiac cases. Wilkinson has testified to its presence 
in South China. On the other hand, Chesterman on the Congo found it 
very rarely in the native population, but it has been recognized in African 
children on the Gold Coast and in Nigeria, where it occasionally leads to 
mitral stenosis. Although acute rheumatism has been noted with normal 
frequency in European residents it is difficult to obtain more accurate 
information from the meagre data available. 

Diseases of the Eespiratorv System 

Tuberculosis.— It has gradually been recognized that the extent of 
tuberculosis in the tropics is much greater than was formerly thought 
possible. The rapidity of spread and malignancy of course of pulmonary 
tuberculosis when first introduced into the Pacific Islands have been 

B 
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fully realized, and are well described by Robert Louis Stevenson among 
the Marquesans. Similar disasters have occurred in Fiji, Samoa, Tonga 
and other Pacific Islands. In India, Rogers (1919) found no less than 9 
per cent, of deaths due to tuberculosis, and Megaw estimates that, in the 
whole country, two million people are suffering from it. Scott has drawn 
attention to the pathological peculiarities of tuberculosis in Southern 
China. It has proved to be one of the main causes of death in Jamaica, 
the Gold Coast, the Philippines, on the Congo, and in Tanganyika, where 
it has been studied by Wilcocks. 

For the rapid spread of the disease, its virulent nature, and the poor 
resistance offered by primitive peoples, several factors are responsible. 
Usually the patients do not come for medical treatment until they are in 
an advanced stage. The sputum is loaded with bacilli and, living as they 
do in primitive huts or houses crowded together, infected natives are a 
constant source of danger to their fellows. Spitting is a universal habit, 
and imdernutrition and co-existing malarial and parasitic infections 
render them all the more susceptible. 

The most important factor in the epidemiology of tropical tuberculosis 
is contact. Natives are able to resist a first infection but, once the disease 
has become estabhshed, their resistance is low. Durbg the last twelve 
years there has been an enormous increase in reported cases; in some 
instances, as in Nigeria and British Guiana, it has been five- and six-fold, 
especially in the mining areas. 

Unfortunately, tuberculosis is a disease which spreads with civilization, 
e.g., it was unknown many years ago in the Cameroons and in the southern 
Sudan. In Hong Kong, Scott, in an average of 4,000 autopsies a year, 
found marked tuberculosis in 5 per cent., and of these, three-fourths 
were children under ten. Tuberculosis among natives may be divided 
into two types, viz., ^'natural'* tuberculosis, characteristic of those not 
immunized in any way against the disease, as in laboratory animals ; and 
“ modified ” tuberculosis, a more chronic condition, so called because it is 
modified by primary infection. 

It appears to be generally agreed that hamoptysis is not a prominent 
sign of tuberculosis in native children, though extraordinarily frequent in 
adults. Scott has asserted that, however extensive the disease, however 
large the cavity, he has never seen fatal haemorrhage in a child. Spontaneous 
pneumothorax is found, but amyloid disease in chronic eases is very rare. 
Bovine tuberculosis, though it occurs, does not appear to be common. 

Intestinal tuberculosis and tuberculous peritonitis are especially prevalent 
in China, and bone tuberculosis in Vest Africa. Recent writers have all 
stressed the importance of the nutritional basis as a factor of the first 
magnitude in the spread of tuberculosis in native populations. 

Pneumonia. — Pneumonia, a principal cause of death almost everywhere 
in the tropics, especially in those countries with a persisting high humid 
atmosphere, has one of the highest mortality figures. Epidemics are 
specially found where native labourers are gathered together in compounds 
and in mining camps. The cause of the disease is usually a pneumococcal 
septicsemia, with httle localization in the lungs. The clinical picture — 
rapid onset, extreme prostration and absence of the sthenic signs and 
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symptoms ’which characterize the disease in Europeans, and of a termina- 
tion by crisis — differs very considerably from that seen in temperate 
zones. All these factors impart a varying clinical picture and confound 
the newly-arrived doctor in the tropics. The story of pneumonia and 
its ravages in the Band Mines and in the copper belt of bTorthern Rhodesia 
is familiar to students of this subject. It is in the treatment of pneumonia 
in tropical natives that sulphonamides and penicillin appear to be having 
their greatest triumphs. 

Syphilis of the lung is not uncommon in Bantus in South Africa. The 
lesions' take the form of gummata or diffuse fibrosis. The signs and 
symptoms may resemble those of tuberculosis (Dormer and colleagues, 
1945). 

^YMoric Diseases 

Scarlet fever (scarlatina).— All observers agree that scarlet fever 
either is never seen in the tropics, or is very rare. De Langen, in the 
Dutch East Indies, asserts that such cases as have been tentatively 
diagnosed eventually prove to be something else. Fischer and others 
who have looked for it amongst the negroes of Central Africa have never 
found it. Probably the disease exists on the Gold Coast and Nigeria in 
such a mild state as to be unrecognizable, and the rash may be almost 
invisible on a dark skin (Gillespie). 

Application of the Dick test to a selected number of tribes in Tan- 
ganyika showed a certain percentage of positive reactions, equal only to 
about one-third of the figure usually observed in Europeans ; the few 
cases reported from Central Africa have all been among European residents. 
Botticher (1934) has compiled a review of this subject. In South America 
and the West Indies, on the other hand, the disease occurs in sporadic 
outbreaks. In India, too, it is known, though rare ; it is of a mild type 
and specially apt to attack small children. According to Megaw and 
das Gupta, from 1923 to 1926 scarlet fever was reported from 212 districts, 
but nearly all cases were European residents. It is comnaon in North 
China, though it does not occur in the south. Jensen (1940) states that 
in China and the Pacific Islands scarlet fever is newly imported, and that 
the nearer to the equator the less is the morbidity and mortality. Zoller 
(1925) found that the Dick test gave uniformly negative results. 

Measles. — Measles is widespread throughout all tropical countries 
and runs the same course as elsewhere, and the malignant type is not 
uncommon. Where no inherent immunity towards the virus exists, as in 
the Pacific Islands (especially Fiji and Rotumah), a measles epidemic may 
cause a high mortality in adults as well as children ; thus in 1874 over 
25,000 Fijians died from this disease. The measles rash has to be dis- 
tinguished from that of typhus and dengue, but its appearance, though 
modified by a dark skin, is quite characteristic. 

Diphtheria. — Diphtheria appears to be widespread and occurs in 
. epidemic form, often when least expected. It is a disease of civilization 
and is evident only in towns and centres of population. It is recorded in 
the epidemiological statistics of most countries, with the exception of 
Africa. Whereas it is common in the northern and southern subtropical 
portions, it is apparently very rare in the tropical zone, and even at the 
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present day in East Africa, Uganda, Tanganyika and in West Africa, only- 
sporadic cases are discovered. 

Mumps. — In the tropics this may be a generalized disease and assume a 
malignant form. In one-third of the eases orchitis is a complication. 
It is stated that the virus attacks the central nervous system, causing 
changes in the cerebrospinal fluid. Patients suffer from hallucinations 
and delirium — sometimes also they show Kernig’s sign, bradycardia and 
ocular symptoms. 

Bornholm disease, or epidemic pleurodynia, has been found in wide- 
spread epidemics in the Tonga and Cook Islands in the Pacific. The 
Europeans suffered equally with the native population (Matheson), An 
extensive outbreak has been reported by Jamieson and Prinsley from 
Aden in 1947. It is also known as the “ devil’s grip ” or “ epidemic 
myalgia.” The virus (Ooxsackio virus) occurs in the fteces and is 
diagnosed by the paralysis it produces in baby mice. 

Diseases of tub Central Nervous System 

Syphilitic diseases of the central nervous system, such as tabes and 
general paresis, are seldom observed in Central Africa and the Pacific 
Islands, and this observation has been made the subject of much comment. 
In South China they constitute the commonest form of nervous disease. 

Disseminated sclerosis is rare in most native races, and is not encountered 
in the Chinese. 

Epidemic encephalitis lethargica (Eeonomo’s disease) has been noted in 
epidemics in Sarawak and in Cochin China (Bonnaire). 

Epidemics of anterior poliomijelitis (infantile paralysis) occur in most 
tropical countries, notably in Malta, Singapore, St. Helena, Ehodesia, 
Kenya and Uganda, in spite of the apparent absence of this disease in 
the indigenous inhabitants, except for extensive outbreaks in the Belgian 
Congo and Mauritius. 

Cerebrospinal meningitis occurs often in large epidemics, especially in 
the Southern Sudan, where sulphonamides have achieved remarkable 
results. 

Acute meningococcal septicaemia, a fulminating disease with petechial 
haemorrhages in the skin and conjunctiva, without neck rigidity and with 
clear or faintly opalescent cerebrospinal fluid, is not uncommon in. Africans. 
Sometimes the meningococci may be demonstrated in blood -films. 
According to Bell (1944) this serious form also yields to sulphonamide 
therapy. 

Goitee 

Simple parenciiymatous or colloid goitre is extremely common in Egypt, 
in the Nile Valley, Sierra Leone, in the Caji districts of the French Congo, 
and in the OueUe and Katanga districts of the Belgian Congo. It has 
been reported in the Butch East Indies, especially in the Island of Bali. 
In India it is most common in the Himalayan and Subhimalayan regions 
and in the parts drained by the great Indian rivers (McCarrison), as well 
as in the western provinces of China. Disorders of secretion resulting in 
exophthalmic goitre, myxcedema or cretinism are almost unknown. 
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It has been remarked that goitre is not found among the Bedouin or 
other desert tribes. In endemic goitrous districts iodine should be given to 
all girls between the ages of eleven and sixteen and to all pregnant women. 

MaLIGNA-NT GtROWTHS 

There is no truth in the oft -quoted popular statement that malignant growths 
are unknown, or are very infrequent, among primitive peoples. The truth 
probably is that, age for age, they are as frequent as in civilized communities. 
The absence of accurate vital statistics, age records, or even registrations of births 
and deaths, make such a comparison difficult. There are, however, certain 
special features of malignant disease amongst natives. 

The outstanding facts about malignant growths in the tropics may be stated 
categorically as follows : 

(1) The prevalence of primary liver carcinoma (12 per cent, of all carcinomata 

according to Vint), in 90 per cent, of cases grafted upon cirrhosis 
(Snijders). (Cazanove in French West Africa, Snijders and Straub in 
Sumatra, Strachan in South Africa, Smith and Elmes in East Africa, 
French observers in Dakar, Senegal.) In China (Snapper) primary 
carcinoma nearly always arises in a cirrhotic liver. Malignant changes 
in the bile ducts are far less frequent, but may be associated with 
Glonorchis sinensis infections (see p. 795). 

(2) The infrequency of gastric carcinoma. 

(3) The prevalence of malignant tumours on the sides of the neck. 

(4) The prevalence of skin carcinoma on legs and feet (grafted on chronic 

ulceration). 

Many observers in recent years, especially Snijders, Straub and de Langen 
in the Dutch East Indies, Vint in East Africa and Rogers in India, have drawn 
attention to the fact that cancer should not be regarded as necessarily a scourge 
of civilization. _ Nor is it correct to state that the number of sufferers is increasing 
at a staggering rate. It was Hoffman, in compiling statistics for the United 
States Prudential Societies, who stated that the cancer rate was eight times as 
high amongst the 500 million of civilized races as among the 1,200 milLior un- 
civilized, including India ; but Rogers’s statistics, based upon l,C0O post-mortems 
in Calcutta, critically arrayed, showed no greater incidence of cancer in England 
than in India. The carcinomata were equally divided between the squamous 
and glandular epithelial forms, but the frequency of epitheliomata of the jaws 
in Calcutta is notable, and has also been recorded by French observers in Dakar, 
Senegal. 

Malignant tumours, including both connective tissue and epithelial types, are 
about equally common in Bengal and in England, vith a slight excess in the 
tropical country ; but both innocent and malignant connective-tissue tumours 
are considerably more common in Bengal than in England. Vint has shown 
that, as far as Central Africa is concerned, there is close agreement between 
figures for malignant disease in natives, both in Nigeria and in Konya. Tlie 
large number of squamous-celled cancers in the latter country is due to malignant 
changes in chronic tropical ulcers of the legs, and to epitheliomata associated 
with this condition. 

Carcinomata of the oosophagus and nasopharynx are especially common 
among the Chinese. 

A^ further peculiarity is the relatively high proportion of sarcomatous to 
carcinomatous growths. In the extensive series of 5,000 autopsies from the 
Dutch East Indies, malignant growths were found in 9 per cent., and the pro- 
portion of sarcomatous to cancerous tumours was 1 : 3‘9, whereas in Europe 
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and America it is 1 : 10. Sarcomata of the very malignant round- celk’sd type 
greatly predominate. 

Malignant disease of tlie breast is not uneonrmon in the East African native 
and, according to Vint, in almost 20 per cent, of cases it is found in males. 
Sequeiraaud Vint have pointed out that malignant melanonia, next to squamous- 
celled cancer, is tlie cominonest form of inaligTiant disease in the natives of 
13ast and Central Africa, and O’Connor has stated that in Eengal malignant 
melanoma is distinctly commoner than in Europe. Most of the tumours are found 
on the foot, and the majority ai:*e on the plantar surfrice. ''.rrauma is the most 
probable cause, as both sexes walk barefoot, and in. a few instances “ crab yaws ” 
is an antecedent, riie disease is usually locally malignant. 

The clinical course of malignant growths differs, as a rule, between natives 
and Europeans. Through ignorance or fatalism, native i)atients resist to the 
very end before asking for medical aid, and are in a hopeless condition when 
discovered. 

There still remain certain other poeuliarities, consequent on local habits and 
customs. Thus Spittel, Davidson and Turner have shown that cancer (epi- 
thelioma) of the cheek is the commonest malignant growtli in Ceylon, and is as 
frequent in women as in men between the ages of thirty- five and fifty ; here, 
no doubt, it is due to irritation caused by betel chewing. In Travancore, South 
India, it is also common, so that out of 1,700 cases collected by Bcntall it formed 
70 per cent. 

Kangri- burn cancer is mainly found in Kashmir and is encountered in the 
older men. In the Mission Hospital there no less tlian 84 per cent, of the 
operations performed are for this condition. Kangri is an earthenware bowl 
5-6 in. in diameter, surrounded by basket-work and surmounted by a wicker 
handle. It is heated by wood charcoal, and is worn against the skin under a 
loose garment. The growths are commonly found on the inner side of the 
thighs and anterior surface of the ahdomen, above or below the umbilicus. 
The heat given out by the kangri is estimated at 150-200” F. The growths 
usually commence in the scars of previous burns. There are no‘ metastases. 

Burrows, Molesworth, and many other observers in Australia, have drawn 
attention to epitheliornata of the face, especially in Scottish and Irish immigrants, 
attributed to excessive irradiation by the ultra-violet rays of the sun. 
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THE TROPICAL ANAEMIAS 

Macrocytic Ansemia of Pregnancy. — Synonym —Tro-picol macro- 
cytic ansBmia, 

Macrocytic anaemia has for some time past been recognized in India, 
Malaya, West Africa (Gold Coast, Bussell) and other parts of the tropics, 
in pregnant women. In India it has been differentiated by Wills and 
others from the pernicious anaemia of pregnancy in temperate clinaates. 
The macrocytic anaemia of pregnancy comes on gradually during the 
second month, but the final breakdown may be sudden. As in pernicious 
anaemia, many of the clinical features are referable to decrease in the 
number of red blood-corpuscles. The tongue may be sore, but nerve 
changes are absent, and the oxyntic cells of the stomach secrete hydro- 
chloric acid. (Edema of the feet and ankles is associated with low blood- 
pressure and pyrexia. Retinal haemorrhages are common. This anaemia 
is essentially due to dietetic deficiencies, aggravated by superadded 
infections of malaria and ancylostomiasis ; there appears, therefore, to be 
no essential difference between the macrocytic anaemia of pregnancy, as 
described by Wills and Mehta in India, and the nutritional macrocytic 
anaemia which has been made the subject of special studies in Macedonia 
by Fairley, Bromfield and Kondi. In macrocytic anaemia of pregnancy, 
many patients survive to term, but collapse during parturition. Premature 
labour is usual, unless the disease is treated in time, or, as on the Gold 
Coast, the child dies in the first few weeks of life. Ansemia associated 
with albuminuria suggests toxsemia of pregnancy. If this condition is 
recognized in time and treated by blood transfusions and liver therapy, 
patients may proceed to term, but the children, though not themselves 
anaemic, are usually feeble. The response of this type of anaemia to liver 
therapy suggests that it is due to the lack of hsemopoietic principle. It is 
apt to recur in subsequent pregnancies. 

Nutritional macrocytic anaemia.— This form is probably universal 
wherever the population is living on an unbalanced and deficient protein 
dietary. Nutritional ansemia is associated frequently with malaria, 
syphilis, and in India also with ancylostomiasis. Fairley, Bromfield and 
Kondi now recognize a macrocytic hcemolpic typej which is prevalent in 
Macedonia, and is accompanied by splenomegaly from chronic malaria 
infection. In this type there is primary nutritional deficiency with a 
hsemolytic agent — the malaria parasite— superadded. Males as well as 
females are affected. In addition to the ansemia there is a tendency to 
leucopenia with a shift to the left and a decrease in the platelet-count. 

Trowell (1943) contends that it is better to think of the patient as 
having nutritional ansemia complicated by an infection of malaria or 
hookworm. 

The anaemia is distinctly macrocytic. The average corpuscular diameter 
is about 8*6 /x. The red cells are, as in pernicious anaemia, more reduced 
than the haemoglobin. There is much anisoeytosis, but less poildlocytosis 
than in pernicious ansemia. Sternal puncture and the hsemocrit tube are 
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necessary for diagnosis. Trowell bases Ms classification on excatniiiation 
of the bone marrow as wtII as the blood examination and moan corpuscular 
hfeinoglobin concentration. There is a. mixed megaloblastic and normo- 
blastic reaction in the marrow. Most cases show mixed deficiency of 
extrinsic factor and iron. Where inoga.l(d)lasts arc found in the marrow, 
liver extracts are needed for treatment. 

In Fiji macrocytic amnmia, is found solely amongst Indians resident there 
and the greatest incidence is in these women daring the last months of 
pregnancy and during tlu^ piun-p(n‘iuin. Tliis severe anmmia is frequently 
associated wiih liigli fever which responds to the treatment of the angemia. 
There is normal acidity oi the gastric juice. The moan corpuscular volume 
is between 100 and 123 ; the moan coi-puscular linGinoglobiii concentration 



Pig:. I. — Sickle cells. Fresh blood preparation after forty- eight 

hours. [BvlULin of the Johns Hopkins Hospital*) 


between 26-37 per cent, and colour in^iex varies between 0*9-1 *5. A 
definite seasonal incidence has been observed with a peak in the latter 
half of the year. The cases can be classified into those responding to 
Vitamin (Cytamen) and those responding to folic acid. In the former 
group there is also an associated iron delieiency (Clinton Manson-Bahr). 

Treatment — This anaemia responds quickly to liver or liver extracts. 
Crude extracts are most effective ; larger doses are required than in 
pernicious anaemia. It is said that anahsemin is not effective. Foy, 
Kondi and colleagues (1952) have found that the megaloblastic anaemias 
of Africans respond in a most remarkable way to intramuscular injections 
of crystalline penicillin G, 400,000 units daily. 

Differential diagnosis . — In pernicious anaemia there is achlorhydria and 
a positive van den Bergh reaction, wdnlst in tropical nutritional anaemia 
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the opposite obtaias. Glossitis is said to be much commoner than in 
pernicious anaemia. Tropical nutritional anaemia has also to be distin- 
guished from the macrocytic anaemia of sprue. 

Erythroblastic anaemia of childhood (thalassaemia, Cooley’s ansemia) 
is peculiar to the Mediterranean area, especially to Cyprus, and is a chronic, 
ultimately fatal, anaemia of early onset in children of Mediterranean 
stock, of Mendelian dominance, with splenomegaly, peculiar bone changes, 
most conspicuous in the skull, familial incidence, presence of large numbers 
of normoblasts in the peripheral blood and a mongoloid facies. Some of 
these features may be absent. The preponderance of the disease is in 
males. Sometimes there is a febrile onset and a history of geophagy. 
The radiographic bone changes are characteristic, with thickening and 
distinctive striation of the calvarium. There is a continuous gradation 
of all degrees of severity. The anaemia is hyperchromic and in some there 
is a small proportion of more primitive cells than normoblasts known as 
*“ target cells.” These are erythrocytes with a lightly stained zone 
between the deeply-stained centre and the periphery. In bone marrow 
films there is an enormous proportion of normoblasts. The interval 
between birth and onset renders it unlikely that there is much in common 
between this and erythroblastosis foetalis. Wintrobe has described as 
“ target cell anaemia ” an adult form of Cooley’s anaemia in which bone 
changes are usually present and the erythrocytes show an increased 
resistance to hypotonic saline solutions. The harbouring of this trait is 
of no consequence to the individual “ carrier ” though it may bo trans- 
mitted to the offspring. There is no therapy beyond repeated blood 
transfusions. 

Sickle-cell anaemia — sicklaemia. — Sickle-cell disease, or “ sickle-cell 
trait,” is a severe haemolytic anaemia in which the red cells assume a 
peculiar sickle shape after withdrawal from the body (Fig. 1). It 
occurs mostly among negroes, though sometimes found in mulattos. 
Lehmann and Cutbush have found it in aboriginal races in India, 
especially the “ Yeddahs,” and Wallace and Killingsworth in Mexicans, 
and in wild deer in America. It is characterized by remissions 
and exacerbations of the anaemia, associated with joint pains and a 
tendency to ulceration of the legs in 40 per cent. First described by 
Herrick in 1910, it formed the basis of a fine study by Huck (1923). Nearly 
all the cases have been described in the United States and West Africa, 
where it occurs in 12-4 per cent, of the population, irrespective of tribe 
or locality (Findlay and Robertson), though no Europeans^ have been found 
affected there. ^ On the whole, it is a fairly rare disease, and the sickle-cell 
trait is present in 5-7 per cent, of all American negroes, quite irrespective 
of health. In the Yorubas of West Nigeria it is present in 23-7 per cent. 

This disease probably originated in Africa, whence it was imported into 
the United States ; and recently the sickle-cell trait has been found by 
Evans in 20 per cent, of bloods in the Gambia. It is a hereditary and 
familial disease with a Mendehan dominance, and is transmitted equally 
by male or female. Cooley and Lee have drawn attention to the proba))lo 
tribal origin. The sickle-cell trait is not invariably associated with 

^ The sickle-cell trait has been found in Q-reeco by Chovemis et al. in 11)51. 
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anaemia. Pauling demonstrated that siclde-cell phenomena are associated 
with the globin portion of haemoglobin. As the trait is a heterozygous 
condition (Ss), or a homozygous state (SS), then sickle-cell anaemia can 
only arise as the result of mating of two heterozygous individuals 
(Ss X Ss) or mating of a heterozygous and a homozygous (Ss x SS) or 
two homozygous (SS X SS). 

Dilated and tortuous retinal vessels are usually observed and micro- 
aneurisms of the reiiiud arteries have been demonstrated (Harden, 1937, 
Ray and Cecil, 1944). Siclvle-cell anaemia crises may occur in pregnancy 
with fatal results. 

Siokle-cell anaemia has to be distinguished from ovalocytosis, which is a 
hereditary familial condition, in which the elliptical shape of the red cells 
(like that in camel’s blood) is transmitted in a Mendelian manner. The 
young red cells in the bone-marrow have the normal round shape, and 
assume an oval form when they become mature. 

Sickle-cell disease begins in childhood, and males are affected three' 
times as frequently as females. Symptoms may appear even at seventy- 
eight years of age though, according to Robertson and Pindlay (1947), the 
average age, at the time of the haenaolytic crisis, is 25 years, and sufferers 
from sickle-cell anjemia rarely survive beyond the third decade. The red 
cells are larger than normal, and show either a normal or decreased fragility. 
Target cells are commonly present. The sickling develops usually only 
after the blood has been withdrawn and ordinary stained blood films 
reveal the sickle shape only in very severe cases. Incubation with bacterial 
suspensions or trypanosomes produce the same effect with greater rapidity. 
Scriver and Waugh (1930) showed that local moist stasis, produced by a 
rubber band round the finger, very materially increases the proportion of 
siclde cells. This is considered to be the most reliable and practical 
method (Diggs and Peltit, 1940). The wet-blood films should be ringed 
with vaseline and allowed to stand over-night. Pindlay recommends that 
blood should be taken from a vein under paraffin and fixed directly in 
formol-saline under a liquid paraffin seal. Cooley' and Lee have shown 
(1926) that in preparations kept in the incubator the sickle cells disappear, 
leaving the normal round cells intact.^ Patal haemolytic crises, with 
intense jaundico, may supervene, especially in pregnant women. Then 
there is bilirubinaemia and hsemoglobinsemia, sometimes with haemoglo- 
binuria, together with severe joint pains, and others in abdomen and chest 
simulating coronary thrombosis. Infarction lesions in the femora have 
been demonstrated (Edington). 

The latent phase of the disease is much commoner than the active one ; 
in that only a few sickles can be found in perfectly fresh blood, hut large 
endothelial cells may be seen engulfing red corpuscles. Nucleated red 
cells are always present (Cook and Meyer, 1915). In severe cases the red 
cells are reduced to 2-3 million, and the leucocytes increased to 15,000 
per o.mna. Basophilic stippling of the red cells is common and the blood 
platelets are not dimini^ed (Mason, 1922). No difference in crystal 
structure can be detected in normal or sickle-cell haemoglobin. Blood 

1 “ False " sickling takes place irotti cliaiiges in the plasma brought about by prolonged incubation 
(Isaacs, 1960). 
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transfusions are the only sure method of saving life chiring a lieemolyiic 
crisis. 

Pathology. — The bone-marrow is hyperplastic and contains sickle 
cells. The spleen may be enlarged or may be atrophic and fibrotic. 
Eichhas described characteristic lesions in the spleen : there is a congenital 
malforrnation of the sinuses, which permits free escape of blood into the 
pulp, and this is especially marked round the Malpighian bodies. Osteo- 
porosis of the bones is common. The sickle character can only be 
recognized in formalin-fixed sections. Graham (1924) has made a minute 
pathological study of this disease and finds chronic hepatitis and 
cholelithiasis common. 

Symptoms.— Jelliffe now recognizes the following clinical types: — 

(1) Sicklsemia (symptomless carriers of sickle-cell trait; meniscocytosis 
or depanocytosis). 

(2) Sicklaemia with thrombosis. 

(3) Latent sickle-cell anaemia. 

(4) Sickle-cell anaemia (Meniscoeytic anaemia ; depanoeytic anaemia ; 
African anaemia). 

Sickle-cell ansemia may remain latent throughout life. On the other 
hand, there may be an active phase causing severe chronic anjeinia of the 
haemotytie type, associated with weakness, dyspnoea, a tendency to 
ulceration of the legs resembling indurated syphilitic ulcers (Huck), a 
yellowish discoloration of the sclerae, and jaundice, especially when blood 
destruction is very great. The liver and spleen are usually oiilarged. 
There may be (ihroiubi in the small vessels of the lungs, giving rise to 
symptoms of cardiac disease. There is usually a positive indirect van den 
Bergh reaction. 

When the disease is active there may be intermittent paroxysms of 
fever, associated vdth severe joint pains which may last two or three 
weeks. • Patients with this anaemia usually do not hve beyond middle age, 
and death takes place from intercurrent infections. Cerebral necrosis, and 
thrombosis with paresis, have been recorded. The latent disease may be 
stimulated into activity by any infection. Hsemoglobinuria has been 
reported and in Africans it is most difficult to differentiate from black- 
water fever. In Nigerian children Jelliffe has described bossing with 
“ needle forest ^ appearance of the skull. There is also hepatomegaly 
with well-marked clubbing of fingers and toes. Liver puncture tests show 
definite derangement of hepatic function. 

Blood changes. — Sometimes the. blood is macrocytic, and there is a 
neutrophil leucocytosis of 10,000-30,000. Polychromasia is marked ; 
there is a reticulocytosis of 25 per cent, and normoblasts are common. 

If citrated blood is kept under oil for twenty-four hours, and formalin 
then added, the test for sickle cells becomes more delicate. 

Treatment. — The treatment is purely symptomatic. The ansemia 
may be improved by iron and liver therapy. Blood transfusion is of 
distinct value in reheving paroxysms of blood destruction. Splenectomy 
has been employed with some benefit in selected cases, but the sickling is 
imaltered by this operation, which renders the patient more susceptible to 
subsequent subtertian malaria. 
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spring anaemia.-A ne-vv form of acute anaiuua is reported 
. Baghdad, appearing only for a few weeks in spring. This 
according to Lederer, runs a very rapid course, and dtS 

produced within 24 to 86 hours. The mortality is about 10 per cent 
lt_ IS curable by blood transfusion, liver therapy in massive doses and 
injection of adrenalin. The disease is confined to boys for the nnm 

fhn t of a certain constitutional type. ’ It is sinmpsted 

hat the hieinolysis is due to anaphyla.^is by contact witli flowers (Fe 4 m 
hyhnia) and young fruits. Tlie administration of blood has a double JffZ 
counteracting shock as well as stimulating the bone S 

CMes whole blood injections (10-20 ml. intranmscularly) suffice- bat n 
sewe degrees intravenous transfusions are necessary. ^ ^ * 

disappeared from Europe, but is probably 
related to the Jiypochromw, vmrociji'ic dietetic anainias (chhrosis tarL) of 

m l i7T’ accompanimont of rdiniSion 

and aie duo to lack of iron intake and absorption. This condition is seen 
especially 111 young native girls in the first year after the katamenia " The 

Ptmeiitation of the skin. Some of these cases have spoon-ahaned tnil« 
(koilonycliia) with stomatitis and dysphama tlie so-cnlled Blnmrvi 

m the Incha-Burma campaign, 1943, showed that iron-deficiS an!em a 
he problem. The mam cause of this amemia was found to 

ite “4™ “ppii” 

in app„, t. I» 

de4d’’° 114™?!";!’*?“ by no luo.na ,o well 

t-arn ' 1 disease of nortliern peoples and is either 

does n^^'ScuThi Intli Ph ' Wilkiison states that it 
+u k China. De Lan^en and Lichtenstein assert that 

hey have never seen it in the course of their extensivrstXrfn 44 
it IS said to be very rare in Ceylon and in South Japan In Central Africa 

JI4Te^L74r«r”? ^ diagnosis of pernicious ansninia shLld 

Sue hLfi ? YYZ “d megalocyt Ss 

me latter ascertained by sternal puncture. ^ ^ 

nnlmhi2TYf uncommon in South China, and is 

undoubtedly to be found m many native races {see Onyalai, p. 699). 
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Subsection A —FEVERS CAUSED BY BLOOD PROTOZOA 

CHAPTEE IV 

MALARIA 

Definition. — The term malaria includes all fevers produced hy endooor- 
puscular parasites of the genus Plmmdnim which give rise to periodic 
fevers accompanied by anaemia, enlargement of the spleen and deposit 
of black pigment in the internal organs. Somewhat similar parasites 
occur in birds, bats and monkeys. Malaria heads the list as the most 
formidable of tropical diseases, and in India it is estimated to be responsible 
for at least two million deaths a year. 

Geographical distribution,— Berngw- tertian malaria in Europe 
extends to 65° N. (Lake Ladoga, Archangel and S. Sweden). It is still 
to be found in Denmark, Holland and Emden district of Germany; was 
until recently endemic in S.E. England and the carrier Anopheles 
atroparviis. In America it extends to 40° N. in Sacramento Valley and in 
Canada to 44° N. on L. Ontario. In the southern hemisphere it extends 
to 20° S. in Queensland, 30° S. in Natal, and 40° S. in S. Argentine. 
Malaria is rare above 6,000 ft. but is found in Quito (8,500 ft.), Addis 
Ababa (8,400 ft.) and in Londiani, Kenya (7,800 ft.). Uncommon in 
W. Africa it was introduced in the middle of last century to Mauritius and 
Eeunion. 

Barbados is free from malaria (though a small epidemic broke out in 
1927) and so are the islands of the Pacific, E. of 170° E. 

Ovale tertian malaria, identified in 1922, is a particularly mild form of 
fever with tertian periodicity appears to occur for the most part in 
Central Africa, and is found in Sierra Leone, the Gold Coast, Nigeria and 
Uganda. A few infections have been reported from Turkmenistan, 
Palestine, Egypt, Mauritius, Venezuela, India and the Philippines. 

Quartan rnalaria until comparatively recently appears to have been 
commoner in temperate latitudes than in the tropics. It is recorded 
from Central Europe, sparingly in the Mediterranean area — in Italy, 
Macedonia, Palestine — Iraq, South India and the Andaman Islands, 
and is the dominant form in South Ceylon (except in epidemic outbreaks), 
in parts of Malaya, in New Guinea and adjacent islands. In Africa it is 
found sparingly, especially in the central portion. In America it is un- 
common in the West Indies, but common in Antigua, Panama and Brazil. 
In Macedonia and the Caspian area the maximum incidence is from July 
to November, and in many localities it appears to be confined solely to 
cliildren (from 2-10 years) as, for instance, in Salonika and the Weslern 
Solomon Islands. 

Syhteriian malaria is much more “ tropical ” in its distribution. It is 
hmited by the mean summer temperature of 70° P. (21° C.) and a mean 
winter isotherm of 48° E. (5° 0.) . In Europe it is rare, except iu the Balkans 
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and the Danubian marshes, but iii the tropics it is the prevalent form, 
wherever fever is specially virulent. In 1920 sab tertian malaria was 
imported into Central Hussia by refugees from Turlanenistan and spread 
as far north as Moscow where cases occurred even during the winter season. 
It is found in desert oases, (‘Specially in Somaliland where it.s occurs in 
great epidemics after the rains. The vector A. (jambioi disappears in the dry 
season when larvae are found in the deep w^ells (M.T. Grillies). Subtertian 
is the chief form found in almost the whole of West and Central Africa, 
Asia Minor and in parts of Malaya and Central India. In the American 
continent it Avas formerly abundant in Panama and constitutes a menace 
in Nortih and Central Brazil. Although this form is usually not met at 
high altitudes, Gariiham has recorded severe epidemics at Londiani, 
Kenya, at 7,800 ft. on farms where African squatters live. From 
Fohruary to May the moan tojuperainre is 61° F. and A. gaDibice the 
vector — a species which in that area spends most of its life in human 
habitations wliei’e iho temperature is 5-10° F. higher than outside. In 
that situation the moan temporatiire is 66° F., which suffices for the 
sporogony of P. Jabi^paruin, Heisch and Harper have described an 
epidcunic of malaria in Kericho, in the Kenya highlands, where the vector 
is A . junestiis. 

Epidemiology and endemiology.— Conditions which favour the 
presence and breeding of anopheles mosquitoes tend to the increase of 
malaria, and we mna, and whatever favonrs access of these insects and 
the parasites they contain also favours the acquisition of malaria. 

Malaria is a disease of the open country and villages rather than of towns. 
These circumstances are related to the distribution of anopheline mosqui- 
toes which occasionally, under favourable conditions, increase and spread. 
New species may be introduced into an area, as has happened many times 
in the world’s history. The latest example was the introduction of A. 
gamlioe in 1930 into Natal, Brazil. This resulted in the greatest epidemic 
ever recorded in that country. There were at least 100,000 oases and 
14,000 deaths. This, despite the fact that malaria is endemic in Brazil. 

In subtropical regions subtertian malaria is a primary infection in 
summer and early autumn, hence the popular term — oestivo-cmtuiiincil 
fever. This peculiarity can be explained to some extent by the higher 
atmospheric temperature required for its development in the mosquito. 
Hence, though benign and subtertian forms are frequently associated, 
and the latter can be acquired at any time in the tropics, it is only in the 
summer and early autumn that sabtertian can be acquired in more tem- 
perate zones. When the temperature falls below 15® C. development of the 
oocyst in the mosquito is arrested, but when once the sporozoites have 
entered the salivary glands, they are capable of infecting man, even during 
the winter season. There is no evidence that any particular type of malaria 
is associated with any particular species of anopheles. Generally speaking, 
the most important conditions necessary for the propagation of the benign 
tertian parasite are the smtained average temperature of at least 60° F. 
(16-5° C.) and a hunoidity of at least 68 per cent. 

Here are other factors to be considered. Wenyon explained the 
seasonal variations of the two dominant forms of malaria in Macedonia 
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and Palestine by the fact that tie benign tertian tends to relapse over a 
longer period and is more resistant to quinine, whilst the subtertian is 
more amenable to treatment and there is less tendency for infections^ to 
persist from one season to the next. Though the numbers of benign 
tertian and subterfcian cases may be approximately equal in the height 
of the season, subtertian malaria more rapidly develops a heavy infection 
and produces a greater number of gametocytes ; thus, it tends to spread 
in epidemic form with greater rapidity. The spread of malaria is also 
intimately related to the susceptibility of the human host. 

Immunity produced hy previous infection is another consideration 
(see p. 74). D. B. Wilson states that sub tertian malaria causes little 
illness in the adult Bantus of parts of Tanganyika, though all babies are 
infected in their first few months of life, and suffer severely before im- 
munity is acquired. 

As a rule, malarial infection declares itself a week or ten days after the 
infective bite of a mosquito. In some individuals the incubation period 
may be greatly prolonged ; the benign tertian malaria in Holland, for 
instance, is thought to be due to infection acquired during the preceding 
autumn. Doleman in Middelburg, Zeeland, considers the healthy carrier 
an important factor in this respect producing relapses in April and May 
of the following year. Pull infection takes place in July and August 
reaching its peak in the autumn months. Swellengrebel, on the other 
hand, believes that from June to August, A. airoparvus mosquitoes fly in 
and out of houses to lay eggs and so any infections acquired are injected into 
domestic animals, hut in September egg-laying ceases, but atroparvus 
continues to feed on blood and they remain in the houses. Therefore the 
infections they then acquire are passed to man only. 

Malaria incidence is usually endemic, but hyperendemicity is a distinct 
form, demanding for its production such an intensity of transmission that a 
high degree of tolerance to the effects of reinfection is induced in those who 
experience its effects over a number of years. This tolerance is accom- 
panied hy a capacity to contend effectively with the parasites of the 
locality. The frequency of transmission that is necessary to induce this 
state is certainly not less than 80 times a year. In the presence of this 
intensity of infection newcomers, usually infants, suffer severe attacks of 
malaria and a proportion, between 10 and 20 per thousand of the infant 
population, die annually in the absence of treatment. After 18 months 
they are out of danger, and from then on and throughout life there is no 
increase in the parasite load, as a result of seasonal heightened intensity of 
transmission. 

The World Health Organization has proposed the following classifica- 
tion: — 

I Hypoendemie Malana with spleen rate in children 2-10 years of age 
0-10 per cent. 

II Mesoendemic Malaria with spleen rate in children 2-10 years of age 
11-50 per cent. 

Ill Hyperendemic Malaria with spleen rate in children 2-10 years of age 
constantly over 75 per cent. Spleen rate in adults high. 
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IV Holoendemio Malaria with spleoii rate in cbildnni 2-10 years of age 
constantly over 75 per cent. Spleen rate in adults low;' it is in this 
type of endemicity that i.he st.roiigest adult tolerance is found. 

^Etiology of Malaiiia (Plate II) 

The four species of parasite (Plasmodiwn) causing malaria in man 
differ from each other in morphology, but the general course of their life- 
history is similar. They all have two distinct phases : intracorporeal 
and extracorporeal. Each species has its special intracorporeal erythrocytic 
life-cycle that may last appn)ximately 48 to 72 hours. It was estimated 
by Eoss that at least 150 million malaria parasites must be present in the 
peripheral blood before an attack of fever is produced. The extracorporeal 
stage is undergone in the body cavity of an anopheles mosquito. 

The malarial parasite can be recognized in fresh unstained malarial 
blood an hour or so before a paroxysm ; it is a pale disc inside the red 
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Fig. 2. — Evolution of the tertian parasite, unstained. 


blood corpuscle (Fig. 2, a), and at a later stage a number of fine black or 
reddish-black particles of pigment (hcBmozoin, formerly known as melamn) 
are scattered throughout its protoplasm. This pigment is believed to be 
the excrement of the parasite. It collects, as the parasite grows, in 
central blocks round which the protoplasm becomes divided into segments 
(merozoites) ; when the cycle is complete the containing corpuscle (host 
cell) breaks down and liberates the merozoites, none of which contain 
heemozoin. This stage coincides with a clinical fever. 

A number of these freed merozoites escape phagocytosis by wandering 
leucocytes and attach themselves to other red corpuscles, enter them, 
and grow at the expense of the haemoglobin, exhibiting active amoeboid 
movements. When appropriately stained, the free merozoites are seen 
to consist of a nucleus surrounded by a ring of protoplasm ; as they reach 
maturity a nucleolus becomes visible (Eig. 3, a, j). In the pre-sporula- 
tion phase the nuclear elements become scattered throughout the proto- 
plasm, and around them the segmenting parasite arranges itself to. form 
merozoites (Fig. 8, 6, c). The vesicular character of the nucleus does not 
become apparent in the merozoites until they lie free in the plasma. The 
hsemozoin or pigment particles of the malaria parasite are either black or 
dark brown dust-like specks, grains or rods, isolated or aggregated into 
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MALARIA PARASITES, x 2,000 

A. — SXJBTERTIAN PARASITE {Plasmodium falciparum). 

Pig. 1.— Subtertian rings. Note the marginal form and, in one, double chromatin 
dots. 

Fig. 2.— Quarter-grown parasite. When seen in the peripheral blood this denotes 
a severe infection, as it normally occurs in the capillaries of the internal 
organs. Note discolouration of cell, its irregularity and the pernicious 
stippling — known also as “Stephens’s” and “"Christopher’s ” dots, 
also as ‘‘ Maurer’s dots ” or clefts. 

Fig. 3. — Schizogonic stage, or rosette form, with thirty spores, also usually in 
capillaries of internal organs — seldom seen in peripheral blood. 

Fig. 4. — Male gametocyte (crescent). 

Fig. 5. — Female gametocyte (crescent) showing concentration of chromatin and 
pigment. 

B. — Benign Tertian Parasite [Plasmoikim vivax). 

Fig. 1. — Young ring form. 

Pig. 2.— Quarter-grown parasite. Note Schiififner’s dots and slight enlargement of 
corpuscle. 

Fig. 3. — Half-grown parasite. (Amoeboid form). 

Fig. 4. — Three-quarter parasite. (Amoeboid form). 

Fig. 5. — Presporulating stage showing fragmentation of chromatin. 

Pig. 6. — Complete schizogony. (Rosette stage with 20-24 spores). 

Fig. 7, — Male gametocyte. Note loose arrangement of chromatin and purple tinge 
of protoplasm. The pigment is coarser and blacker than in the female. 

Fig. 8. — Female gametocyte. Note compactness of chromatin and blue tinge of 
protoplasm. 

G. — Quartan parasite {Plasmodium malarias). 

Fig. 1. — Ring form. 

Pig. 2.— Quarter-grown parasite (“ band form ”). Note corpuscle is not enlarged. 

Fig. 3.— Half-grown parasite (“ band form ”). Note the scattered dark pigment. 

Fig. 4. — Presporulating stage. 

Fig. 5. — Complete schizogony. (Rosette stage with 8 spores). 

Pig. C. — -Male gametocyte. Note purple tinge of protoplasm with heavy pig- 
mentation, coarser and blacker than in the female. 

Pig. 7. — Female gametocyte. Note blue tinge of protoplasm. (Sbipplings,- when 
present in the blood corpuscle, are known as Ziemann’s dots.) 

Pig. 8. — Normal red blood-corpuscle for comparison of size. 

— Ovale Tertian parasite {Plasmodium ovale). {After James, Nicol d? Shute.) 

Fig. 1.— Ring form. Note Schufifner’s dots. 

Fig. 2. — ^Presporulating stage. Note irregular and oval shape of corpuscle with 
coarse and prominent Schuffher’s dots. 

Fig. 3. — Complete schizogony. Note irregular distribution and oval shape of spores, 
and also distortion of corpuscle, 

4. ^Male gametocyte. Note coarse Schiiffnei’s dots and purple tinge of 
protoplasm. 

Fig. 6, ^Female gametocyte. Note marginal arrangement of pigment. 
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more or less dense clamps. As long as the nucleus remains entire, the 
hsemozoin is peripheral, but when segmentation takes place it becomes 
central. ^ 

The extroueoTforecd or mosquito stage commences with a process oi ex- 
flagellation. This is a sexual phase which can take place in the blood 



Fig. 3. — Evolution of the tertian parasite, stained. 


after it has been withdrawn from the bodj. As observed in fresh wet 
preparations of blood the flagellated body is derived from the male 
sexual cells or gametocytes, which are composed of protoplasm and 
haemozoin and which possess, on more minute examination, a distinctive 
structure. These sexual cells are usually round, but in subtertian 
malaria (P.Jalciparwn) they are crescentic. These well-known “ crescents 
become rounded off before flagellation. The flagella (more, correctly, 
the microgametes) number from one to six or more. They are extremely 
delicate filaments, which move about rapidly and which every now and 



Fig. 4. — Evolution of the flagellated body from the crescent (male gainetocyte). 

again break away and swim about with vibratile movement. Only the 
male cell (microgametocyte) undergoes this process ; the female (maoro- 
gametocyte) remains rounded and stationary until fertilized by one of the 
erupted flagella (microgam etes). This event signalizes the first stage in 
the development of the malaria parasite in the stomach cavity of the 
anopheles mosquito. There sporozoites develop in the o5cyst on the 
stomach of the mosquito and later migrate to the salivary glands of this 
insect, gaining entrance to the blood-stream of man via the saliva. They 
then penetrate the hepatic cells where the pre-erythrooytic and exo- 
erythrocytic cycles take place for seven days or longer. 
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A latent phase of the malaria parasite in the human body.— 

It is a well-esfcablishod fact that when tho fover subsides the parasite 
disappears from the general circulation, either spontaneously, or as the 
result of the administration of ant.i-inalarial drugs. After an interval 
of weeks or months, however, the parasite may reappear in the peripheral 
blood. In benign tertian and quartan malaria it may be as long as nine 
months or a year after quinine, atebrin or plasjuoqnine treatment (see 
p. 87). Jordan has recorded one case in wdiich ihe primary clinical attack 
was delayed for 27 months. 

The rciapse cych^ of the malaria parasite has now been proved to take 
place ill the hepatic colls (in P. wax and in F . fahijjaruni of man). The 
primary proto^^oal mass in the liver is known as a crij'ptoschizont, which 
divides later into crjiptoinerorjoites. There are thus four distinct cycles of 
dovelopmeut — tho pre-erifthroeiftie, tho exo-enjthroeijHc in the liver cells, the 
erijtJiroci/tic in tlu^ real lilood corpuscles, and the sexual commencing with 
die growth of garnet, ocyii^s in t.ho blood and continuing with sporogomj in the 
tissiK^s of ilio mosquito. (For full details see p. 900.) 

The metabolism of malaria parasites. — Speck and his colleagues 
(1946) have found that acid products are formed from carbohydrates by 
malaria parasites ; thus cell-free extracts of P. gallimcetwi cause glycolysis 
by reactions similar to those occurring in yeast or muscle in which glucose 
is oxidized through pyruvate as an intermediate. Pyruvate oxidization 
takes place in parasitized cells as well as in the free state, through the 
woll-known tricarboxylic acid cycle of Klebs. Tho former oxidize glucose, 
lactate, pyruvate, succinate and malato rapidly, whilst lactic acid is formed 
by free parasites from glucose and markedly reduces oxygen consumption. 
It has been shown that malaria parasites may suffer from lack of vitamins 
in the diet quite as much as the host does and that P. gallinaceuvi requires 
Iiantothenic acid and biotin ” just as much as streptococci do and, if 
chicks are subjeci.iul to a severe deficiency of this vitamin, the malaria 
parasites cannot grow in the red blood corpuscles and only very naild 
infections result, but tho cryptozoite generation is not handicapped in this 
way. The results of pantothenate deficiency can be produced by the 
administration of “ homologuo blockers ” such as pantoyltauramido-4- 
chlorobenzene. 

Suppression of malaria by milk . — In connection with the nutritional 
needs of the malaria parasites, Maegraith and colleagues (1953) have made 
the somewhat remarkable discovery that a diet of milk and vitamins renders 
rats resistant to malaria pa,rasites (P. herghd). This may link up with 
the work of Gyorgy who has found that milk increases the resistance to 
infection by certain bacteria, and a further possible link is the fact that 
human infants in the first 3-4 months of life seldom suffer from malarial 
infection , It is possible that insufficiency of biotin is a possible explanation 
as milk contains little of it.^ 

Transmission of malaria by blood transfusion, drug addiction 
and salvarsan injections. — There is risk of conveying malaria in the 

^ Hawking has found that P.A.B. (P-aminobenzoic mrf), absent from milk, is necessary for the growth 
of the parasites and their development is prevented by antagonist substances, such as proguanil and 
pyTimethane. 



TABDLAR STATEMENT OE THE CHARACTERS OE T HE EOUR SPECIES OE MALARIA PARASITE 




40 


MALARIA 


traiisfusioa of citrated or stored blood ; P. vivax especially may be found 
in the blood of donors exposed to infection within four years before the 
transfusion. A summary of recorded cases has been given by McClure 
and Lain (1945). In London a case of fatal quartan malaria has been 
recorded in a baby transfused with compatible blood from its father who 
had lived in Ceylon twelve years previously and who had never suffered 
from any clinical nianifostatioiis of malaria (Nabarro and Edward). 
Gardner and Dexter have recorded a similar instance in which the interval 
was seventeen years. There have been several instances of transmission of 
quartan with blood refrigerated for four days (Rogers, 1947). Boventer 
has found P. vivax viable for 18 and P, faldjiaruM for 21 days. 

In non-malarial countries persons who have had malaria should not be 
used as blood donors. In malarial countries this rule cannot apply. If 
fresh blood must bo used, the recipient should bo given quinine, paliidrine 
or atehrin as a prophylactic, and the risks of transmission are reduced if 
the donor has taken qninino or other antinialarials regularly. Dried 
plasma and serum prc'parod from malarial blood are safe. 

Hutton and Shuto demonstrated that malaria parasites may survive for 
days, or even weeks, in blood stored at low temperatures — about 4° C. 

In Cairo, severe, and even fatal, subtertian malaria was recorded by 
Biggam in heroin drug addicts from indiscriminate use of unsterilized 
syringes containing congealed blood. Similar instances have been 
recorded in New York by Appolhaum, Gelfand, Helpern and Most, and 
especially on the Pacific Coast, as well as in Peking by Chung and colleagues, 
and in Lisbon (Oliveira and Preire). Boyd and Slackman stated that the 
mortality rate amongst drug addicts may he very high. Helpern recorded 
49 cases, of which 27 died. 

Similarly, virulent subtertian malaria may be transmitted by un- 
sterilized needles in intravenous injections of salvarsan, as recorded by 
Wenyon (1918) and Black (1989). An accidental infection from autopsy 
with subtertiaia is recorded by Holm (1946) . 

Transmission of malaria to the foetus. — Congenital malaria is 
rare. Possibly the infection takes place by a mechanical tear, or placental 
hsemorrhage, by which the parasites gain entrance to the foetal blood. 
Lopatin suggested intra-uterine emigration of infected maternal erythro- 
cytes into the foetus as a result of damage to the maternal blood vessels. 
Congenital malaria has long been known in Turkey as “ gigli sitma ” — 
hidden or secret malaria. 

Congenital malaria, though many authentic instances have been 
reported, is on the whole a rare event- There is general agreement that 
this is not normal, but that it is due to some breakdown in the protective 
barrier of the placenta which, through the intimacy of the maternal and 
foetal bloodstream, permits the parasites to pass. This may he due to 
small infarcts or capillary lesions. It may, however, be due to patho- 
logical changes in the placenta as a whole as the result of overwhelming 
malaria infection. Thus Blaoklock and Gordon in Sierra Leone found 
malaria parasites (P. Jaldparum) in the maternal blood spaces in 88 per 
cent, of parturient women, yet in not a single instance could they be 




Chart 2.— Quartan ague, 
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demonstmied in tlie foetal bbod; though of children horn of mothers with 
infected placeut^n one quarter died within one week after birth. 

Preniatnro placental sepupiution is sugg(‘stod by the case of Tanner and 
Htnvlett (1935) as occurring in the st‘cond of binovular twins. The 
connnonest form is benign tertian (P. vimx) ranging from 16 days to 
‘2 months afterbirth (Brown, 1924, Gaininio, 1944). Subteriian parasites 
have been found in the blood of a premature child hy Buckingham and 
cr*oscents of P. Jalci 2 )amm in the blood of an infant of seven days (Heiser). 
Others have been reported from Paris (Bindeau) and Italy (Po^^nioli). In 
Ceylon trausijlacontal infection of the faitus appears to be comparatively 
fr eqiKmt ( Wickraniasnidya) . 

The four forms of parasite and associated fevers. — There are 
four cdinical ty])os of nuilarial disease which are associated respectively 
with four distinct species of malaria parasite. These species have been 
classilied according to : (a) the duration of their respective life-cycles 
inside the human body ; (b) their morphological characters ; (c) the 
clinical ])honomeiia to which they give rise ; and (d) the results of inocula- 
tion experiments. 

Benign parasites are of three kinds : the quartan, which has a cycle of 
seventy-two hours and causes a fever that recurs every fourth day, counting 
from the first day of fever — quartan fever ; the benign tertian parasite, 
witli a cycle of 48 hours, causing a fever which recurs every third day, 
counting in a similar way — tertian fever ; and the ovale tertian which in 
many respects resembles benign tertian. The malignant or subtertian 
is also known as ihe oestivo-autumnal, and has a life-cycle of approximately 
^8 hours {see Table I). 

Morbid anatomy and pathology of malaria.-— Tho pathology of 
malaria is liasod upon subi.ertian infecfioiis (P. falcifarnm). Lesions in 
lh(^ intonial organs are due to the invasion and distribution of the infected 
red blood corpuscles with consequent loss of oxygen carried to the tissues. 
The changes in the vascular flow within the organs result from systemic 
disturbances, such as vascular collapse, obstruction of small vessels by 
auio-agglutination, thrombosis, infarction and similar effects due to 
clumping together of parasitized red cells. All these factors tend to slow 
down the circulation and cause “ sludging (Knisely). This is thought to 
be due mainly to the production of a tibrin-like substance. Cardiac and 
vascular failure (medical shock) result from these changes. There are, 
moreover, explosive discharges of protein from liberated merozoites and 
disintegrated products of red cells, destroyed parasites and extrusion of 
pigment. 

Spleen. — The spleen, when grossly enlarged, is popularly known as 
the “ ague cake.” Although it fluctuates in size it is most certainly 
always swollen during an acute attack. The surface is dark, sometimes 
almost black and, on section, dark-red, purple or chocolate-black from 
congestion and pigmentation. In subtertian infections the parenchyma 
is so softened as to be almost diffluent, the capsule being tightly stretched. 
The pulp is so tarry that it can he washed away by a gentle stream of 
water ; it is diffluent and the Malpighian bodies appear pale grey. In 
chronic cases perisplenitis may develop from stretching or tearing of the 
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capsule which may then easily rupture spontaneously or from violence. 
Its weight varies enormously according to the duration and intensity of 
infection. Clark estimated the normal spleen in negroes at 140-160 grin. 
(5-6 oz.) and decided that it must exceed 300 grni. (11 oz.) before it can be 
reasonably detected by palpation during life. In the chronic stage there 
is fibrous replacement. The Malpighian bodies diminish in size, standing 
out as pale spots against the dark background, and the pigment becomes 
scattered throughout the organ. 

Microscopic appearances. — All stages of the parasites can be found 
in tlie red cells (in subtertian as well as in benign) and merozoites free ni 
the pulp, but there are more parasites in the spleen than in any other 
organ. Malaria pigment is free in the tissue spaces and within the reticulo- 
endothelium, and especially in the mononuclear cells. Other blood 
pigments are present, hut there is none in the Malpighian bodies. In 
acute cases the reticuloendothelial system is blocked with pigment and 
in the later stages this is replaced by fibrosis which may obstruct the flow 
of blood, whilst areas of thrombosis and hsemorrhagic necrosis occur. The 
venous sinuses are dilated and parasitized cells in the capillaries tend to 
adhere to the endothelial cells and thus increase the blockage of the lumen. 

Liver. — The liver is usually congested, enlarged, pigmented and olive- 
brown, especially in the left lobe which receives the splenic blood. Glisson’s 
capsule, surrounding the portal system, is stretched. In chronic malaria 
there is some fibrosis and round-cell inffltration originating, it is thought, 
from the oryptozoie stages of the parasites (see p . 897). Later the congestion 
is accompanied by involvement of the central portion of the lobule, so that 
it may resemble the nutmeg liver of heart failure. The slaty-grey colour is 
due to pigment deposits. The organ is more solid due to the increase of 
endothelial cells, whilst pigment is still located mainly in the outer zone of 
the lobules, but also in the histiocytes and connective tissue of Glisson’s 
capsule. 

Microscopic appearances. — Parasites in all stages are found in 
the sinusoids and in the invaded red cells. The parenchyma cells do not 
usually take up malaria pigment, but the products of the destruction— 
hsemosiderin and bilirubin. Overactivity, following lysis of red celts 
leads to obstruction and over-distension of the bile canaliculi which are 
frequently found stuffed with bile pigment. The Kupffer cells of the 
reticulo-endothelium contain haemozoin and become hypertrophied, 
obstructing the blood flow. The parenchyma cells show all stages of 
degeneration and in severe cases widespread areas of focal necrosis around 
the central vein. Usually the cells show cloudy swelling with granular 
contents and diffusely-staining nuclei. Small hsemorrhagic areas may also 
be present. Sometimes also congestion results from right heart failure. 

Malaria pigments. — Haemosiderin contains ionizable iron, “haoinozoin”. 
Malaria pigment (a compound of lisBinatin) contains non-ionizablo iron, so that 
the former does not give the Prussian blue reaction with potassium forrocyanide, 
unless first acted upon by nitric acid and hydrogen peroxide. 

Kidneys. — Albummuria is common in malaria, may indicate nu^ro 
than a simple “ febrile albuminuria,’' and may presage serious kidney 
damage. This is specially the case in subtertian and quartan infections. 
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Sometimes there is actual azotteiuia with rise of blood pressure and 
cardiac hypertrophy. 

In more severe cases the lumen of the tubules is filled with granular 
casts and fatty changes wliich resemble parenchymatous degeneration. 
Signs of glomerulom'phrilis are soiaetimes present which accounts for the 
rarity of azotaanio symptoms. Snrl)ok (1031) in “quartan nephrosis” 
found occasionally enlarged pale white kidneys of degenerative parenchy- 
matous nephrosis. 

Heart.—Tlio changes found in subtertian malaria are oedema due to 
cardio-vascular failure, “ pliauorosis ” — incroaso of visible fat in the form 
of droplets — without increase of i.he total fat. Sometimes there is also 
necrosis. 

Bone marrow. — Tlie yellow and adipose tissue are very vascular ; the 
red marrow is chocolate hrowu, especially at tlie periphery, due t,o deposits 
of pigment. Phagocytosis occurs with pigment containing macrophages 
and parasitized cells are presoiit. in large numhers, especially immature 
crescent, s. In chronic cases the roticuloendothelium is hypertrophied. 

In the bone marrow there is normoblastic response ; occasionally 
megaloblasts may bo soon and roiiculocytes are increased in the peripheral 
blood. 

Pancreas.— Often there is focal necrosis, atfocting especially the 
nutrient vessels of the Islets of Langerhans. Barely the picture of acute 
luninorrhagio pancrt^atilis may he produced. 

Suprarenals. — Are specially attacked in subtertian infections. This 
results in partial or complete loss of the yellow colour (lipoids) of the 
cortex, congestion and blockage of vessels with parasites, which is held 
responsible for algid symptoms. 

Placenta. — The maternal sinuses are packed with parasites, so that 
nutrition of the foetus is interfered with. Inoculation vnth malaria may 
occur at birth (possibly through the umbilical cord or placental tear). 

Stomach and gastro -intestinal tract. — The mucosa is coated with 
mucus and there is gastro-intestinal catarrh. Therefore, achlorhydria 
is. common in the acute stage of malaria, and this may account for the 
dyspepsia and gastro-intestinal irritation. The blood capillaries are loaded 
with parasites, and degenerated areas of mucous membrane are encountered 
which may give rise to dysenteric symptoms. 

Central nervous system. — The brain has a leaden hue du® to deposi- 
tion of malaria pigment and parasitized cells in the capillaries. Often 
there are punctiform hjenaorrhages in the subcortical zones, especially in 
the corpus callosum. On the whole, the grey matter is smoky grey while 
the white matter is speckled with punctiform haemorrhages. The smaller 
capillaries become completely blocked with parasitized cells adhering to the 
endothelium. In areas where there are actual haemorrhages, macrophage 
cells abound, but the extra vasated cells do not contain parasites. 
“ Malarial granulomata are focal degenerations in the brain substance, 
the result of haemorrhages. Granuloma is really an incorrect term, for 
these legions somewhat resemble tubercles and are formed by an agglomera- 
tion of glial cells around a cejntral focus of degeneration (Fig. 5), 
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Three types of cerebral malaria can be distinguished on pathological 
grounds. 

(1) Massive infection . — The capillaries are blocked and thrombosed, 
iks Maegraith has pointed out, thrombosis takes place only in fatal cases. 
In the clinical state the vascular condition in the brain is explained by 

sludging. ’ ’ There are numerous small haemorrhages with ‘ ‘ granulomata ’ ' 
in the subcortical zones. Clinically there is a gradual onset of mental 
disturbance ending in coma. 

(2) Generalized toxcemia . — This is characterized by fits and convulsions. 
There are scattered small haemorrhages. Quinine has no effect and may 
actually increase toxicity by massive destruction of the parasites. 

(3) Embolism . — Emboli produce piinctiform haemorrhages, especially 
in the corpus callosum. 



Fig. 5. — Malarial granuloma. Brain section showing 
plugging of capillaries of cortex and proliferation of glial 
cells. {Durck-Archiv jur Schiffs- und (Tropenhygiene.) 


Clinical pathology. — The loss of parasitized cells resulting from 
sporulatioii is governed by the degree of infection of the red cells, being 
most severe in subtertian and least in quartan. 

There is also lysis of non-par asitized cells, hut this does not appear to 
be due to any known circulating haemolysin or to fragility in saline, but 
the cells in malaria and hlackwater are sensitive to lysolecithin systems, 
suggesting some alteration in their surface properties. 

Autoagglutination — an increase in a and ^ agglutinins — may play a part 
in hemolysis. At the time of sporulation oxyhsemoglobin and methsemo- 
globin are^ thrown into the circulation as a result of red-cell destruction. 
Under ordinary circumstances such pigments are absorbed by the reticulo- 
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endothelial system, but when lysis is extreme these pigments may be 
thrown into the urine. In severe cases a combination of albumin and 
haematin may be formed which does not pass through the kidneys and is 
known as inethaemalbiiinin. In established anoemia the blood cells show 
polychroinasia, basophilia, poikilocytosis, and anisooytosis. In severe 
cases normoblasts and sometimes mogaloblasts are seen. Basophilic 
stippling persists after disappearance of malaria parasites and may be 
regarded as evidence of persisting malaria infection. Megaloblastic 
changes have been reported in the bone marrow. Eeticulooytosis occurs 
in the bone marrow and less so in the peripheral blood, especially after 
institution of specific therapy. Autoagglutiiiation in siibtertiau malaria 
may he related to the “ stickiness ” of the parasitized red cells. Comple- 
ment fixation bodies exist and can he shown by using antigens prepared 
from the spleen or from suspensions of malaria parasites. 

Leucocytes. — There is frequently a leucopenia associated with increase 
of the large inonoiiiicloar cells, but this leucopenia is not characteristic of 
malaria. Some may show a leucocytosis, especially when there is some 
secondary infection, such as pneumonia and this possibility must be borne 
in mind. The white cells frequently contain malarial pigment which is 
usually found in the monocytes, but sometimes in the polymorphs. Such 
pigment-containing leucocytes are indicative of a very recent infection. 

Chemical Changes in the Blood 

Blood proteins. — The reduction in total plasma protein is mainly due to 
reduction in albumin and there is usually an increase in globulin. The 
albumin-globulin ratio is therefore altered. Therapeutic malaria is 
followed by a return of protein to normal in a process which takes three 
weeks. These changes are not due to the fever alone, but are associated 
with upset of liver function which occurs in malaria. 

Cholesterol and lecithin. — There is hypo-cholesterolseinia during malaria, 
but it may rise during the rigor and fall to subnormal in the apyrexial 
periods, so that further investigation of lecithin-changes may shed light 
on the mechanism of haemolysis. 

Blood sugar.^-As glucose is essential for the respiration of plasmodia 
changes in the blood sugar are to be expected. Sinton reports a rise in 
blood sugar during pyrexia in both P. vivax and P. falciparum. It is 
suggested that this rise may be associated with change in liver or adrenal 
function. 

Inorganic elements. — Plasma potassium is raised in febrile persons and 
is at its height during segmentation, but in low grade or chronic malaria 
there may be no change. The rise of potassium in acute malaria is probably 
due to destruction of red cells. 

Bhysical changes. — The E.S.E. is increased in malaria and is restored 
to normal after treatment. The degree is dependent upon the protein 
content of the plasma and the activity of the surface of the cells. The 
fall of protein in the blood may be such that the permeability of the vessels 
is affected and the osmotic pressure of the plasma reduced. 

jfl and alkali reserve, — As parasites use glucose for respiration it is 
possible that pyruvate and lactate may accumulate under conditions of 
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anoxia, such accumulation would result in a fall of and loss of alkali 
reserve. Acidosis is exceptional. 

Pokjcliolia, — Up to a certain point in pathological haemoglobineemia the 
liver is capable of dealing with liberated hsemoglobin, so that, when 
this pigment is set free in the blood, serum secretion and flow of bile 
(bilirubin) are correspondingly increased. 

Liver Junction in malaria. — Clinical signs of liver dysfunction have been 
recorded in all forms of naturally-acquired malaria as well as in the 
therapeutic induced disease, but they are most pronounced in certain 
forms of P. falciparum. Enlargement of the liver following the paroxysm 
is comparatively common, 

Lichtman (1942) has described six cases of extensive hepatic necrosis. 
.In course of review of 1,153 cases Kern and Norris (1944) reported 59 had 
enlarged livers, abnormal Van den Eergh reactions and raised serum 
bilirubin. The results of bromsulphthalein retention tests were in 
accordance with other abnormal findings. Kleeberg and Birnbaum (1947) 
have investigated the Weltman reaction in P. vivax and P. falciparum 
malaria. This reaction measures the coagulability of the patient’s serum 
in solutions of calcium chloride which is governed by the globulin content. 
There is a close relation between the changes in the coagulation of the 
serum in lower calcium concentrations and the sensitivity of the 
erythrocytes to lysis in bile solution indicating hepatic damage. 

Dole and Emerson (1945) find that during the malarial attack the total 
proteins of the serum remain within normal limits, but the albumin/ 
globulin ratio is depressed. 

Bile is not found in the urine unless there is frank clinical jaundice. 
Urobilin and urobilinogen excretion has been fully investigated by Kings- 
bury (1925). He^ found that it did increase in malaria, especially in 
subtertian, but it is not of absolute diagnostic value. 

The prothrombin content of the blood is not changed in the febrile period 
because there is thrombocytopenia, as reported by Maslova (1942) who 
found decrease in blood platelets and lessening of coagulation time during 
a malarial rigor. It is therefore clear that deviations in the so-called hepatic 
function tests occur in both naturally-acquired and therapeutic malaria . 


The Clinical Picture 

Symptoms of malaria. — An attack of malaria may either be a 
primary attack or a relapse. Conjunctival ecchymoses have been 
described as an early complication of benign tertian malaria in British 
troops, usually between the 8rd and 7th days. These ecchymoses rapidly 
spread to cover the lower half of the sclera. A primary attack normally 
develops after an incubation period of 10-14 days, but when blood is used 
for moculation, the incubation period varies from 48 hours to one month, 
depending upon the numbers of living parasites injected. By direct blood 
inoculation it is about 11 days.^ In insect-transmitted subtertian malaria, 
wh^e the number of infecting bites is increased, the iuculation period tends 
to be shorter and may only be five days. Sometimes the incubation period 
may be prolonged ; thus some artificially infected with benign tertian may 
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show no clinical signs or exhibit parasites in the blood for as long as nine 
months and similar long periods are often soon in patients leaving the 
endemic area. This is known as latent malnria. In subtertian malaria it 
is possible to have a primary attack in the absence of any noticeable 
symptoms, but there is no latoncy in the same sense as in benign tertian. 
The type of temperature curve, whetlior intern litteyit or remittent, is less 
signihcant than formerly considered to bo the case. Thus primary henign 
tertian infections may produce a riunittent temperature curve before 
assnniing the classical miermiltent character. Two or more geiierations of 
tertian parasites, maturing in the blood at different times, will produce 
quotidian fever and two generations of quarfian will give a fever on two 
successive do^ys—qmrtana du'phx — or conversely on three successive days, 
a quotidian fever — quarta7ia triplex. 

BeJapm are defined as recurrences of malarious symptoms and the 
reappearanco of malaria parasites in the pc^ripheral blood, following 
recov(^ry from the initial attack. Therefore relapses must ho distinguished 
from reinfections. 

Bemulesoences of malaria are defined as relapses of the patient 
at the time he is removed from the endemic area. Relapses often follow 
the cessation of suppressive treatment, exposure to cold, exertion, .parturi- 
tion, or surgical operations. Benign tertian and quartan relapse most 
frequently. Rtdnfoctious do not show the remittent character of the 
primary attack, but assume tertian or quartan classical forms. 

The cliaraeteristio ague is divided into three stages : (1) cold stage, (2) 
hot stage and (3) sweating stage. One or even all these stages may be 
absent on occasions, especially when the infection is of long standing, 
whilst in subtertian fever many symptoms are so bizarre that they may be 
most misleading, so as to enforce the conviction that in many respects 
it is quite a different disease. 

Herpes on lips and nose (fever sores) often extensive, frequently follow 
the rigors and is an accompaniment of all forms of malaria. Similar 
eruptions have been noted on the ears. 

Premonitory stage. — For several days before the actual attack the 
patiffit may be conscious of headache, lassitude, a desire to stretch or yawn, 
aching in tlie bones, anorexia, sometimes vomiting. 

Cold stage. — This usually lasts one to two hours, and is the rigor, or 
“ ague.” The feeling of cold is intense and universal. The teeth chatter ; 
the patient shivers from head to foot and wraps himself up in any garment 
he can lay his hands upon. Vomiting may be most distressing. The 
features are pinched, the fingers shrivelled and the skin blue like “ goose- 
skin'’ (cutis anserina). The feeling of cold is purely subjective, because 
the temperature is rapidly rising. Children usually have convulsive fits. 

Hot stage. — The hot stage may last from three to four hours. The 
shivering abates and gives place to, or alternates with, sensations of great 
heat. The clothes are thrown off. The face is flushed ; pulse full, 
bounding and usually dicrotic ; headache intense ; vomiting usual ; 
respiration hurried; skin dry and burning; the temperature rising to 
104°, sometimes 10ft° P., rarely higher. 
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Sweating stage. — This usually lasts from two to four hours. The 
patient breaks out into profuse perspiration with sweat literally running 
off him in streams, saturating clothes and bedding. With sweating 
the fever rapidly declines. Headache, thirst and distress give place to a 
feeling of relief and tranquillity. When it has ceased the patient may 
feel exhausted, but quite well and able to go about. The body temperature 
is now subnormal and remains so until the approach of the next paroxysm, 
one or two days later. 

Duration of fever fit. — The total duration of the fever cycle may be 
from six to ten hours. 

Urine and faeces in ague. — During the cold stage the urine is abund- 
ant, limpid and micturitiou frequent; during the hot sweating stages 
it is scant, cloudy, sometimes albuminous. Urea excretion is increased 
during the rigor and hot stages, and so is that of the chlorides and sulphates. 
Phosphates, on the contrary, diminished during the rigor and hot stages, 
are increased during defervescence. Augmentation in urea excretion 
commences several hours before the attack, attains its maximum towards 
the end of the rigor, and decreases during the terminal stages, though 
still above the normal figure. 

A fleeting glycosuria has also been observed from time to time. Rarely 
a picture of true diabetes with increased blood sugar may be produced 
as in a case reported by Rau (1948). This is due to infection of the 
Mood capillaries of the islets of Langerhans by P.falcipanm. The urine 
usually contains urobilinogen and urobilin in excess during the 
attack, but they decline with the temperature. This is a valuable 
diagnostic sign, especially in subtertian malaria. The corresponding 
pigment in the faeces (hydrobilirubin) is increased twenty times the normal 
amount whilst parasites persist in the Mood. 

The spleen during ague. — The spleen is enlarged and painful during 
the rigor, hut in early infections not always palpable. This has been 
specially noticeable in the recent war in India and Burma and the state- 
ment applies to benign as well as subteitian infections. At first the 
enlargement recedes during the interval, but it tends to become chronic 
if relapses or re-infections are numerous, especially when associated with 
pronounced cachexia. This does not constitute the whole explanation ; 
in primary cases the spleen is very soft and spongy, therefore difficult to 
palpate. In relapses it becomes harder and more fibrous. Sometimes 
when a patient is in bed the spleen remains soft, but becomes harder 
when he gets up. Spontaneous and fatal rupture may occur in benign 
tertian as well as in subtertian infections, more usually as a result of 
direct violence (de Saram and Townsend, 1943). A successful splenectomy 
does not, as has often been stated, extirpate the malarial infection. This 
procedure is to he deprecated as it has been demonstrated in P. knowlesi 
in monkeys that immunity is thereby destroyed and some think that after 
splenectomy malaria acquires increased virulence. 

Hennessy and others have recorded that splenic rupture, through causing 
severe internal haemorrhage, may produce misleading symptoms which may 
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mimic those of rupture of the bladder by causing urinary irritability and hypo- 
gastric pain. There is often a latent period with absence of symptoms (Fry). 
Referred pain to the tip of the left shoulder is known as Kehr’s sign. In the early 
stages it is present in a small proportion of cases. Galloway noted that a pain 
moving from the uppermost shoulder to the one on which the patient is recumbent 
is a marked feature. Changes in the left lung base may serve as an aid to 
diagnosis. The liistopathology of these friable spleens (Liibitz) shows that a 
subcapsular haematoina precedes rupture and leads to capsular tear. In acute 
malaria small hannorrhages occur in the vicinity of the capsule or deep in the 
tissues. There is diffuse cellular hyperplasia, with dilated sinuses, and occasional 
thrombosis and infarction. 

Johnston Abraham has described a secret murder weapon employed by Dyaks 
in Celebes. The weapon resembles a child’s wooden dagger 8 in. in length. The 
cross-bar is concealed in the clenched palm of the hand, a portion is strapped 
round the wrist and the weapon can be concealed in the sleeve of the jacket. 
This weapon is used to strike a heavy concentrated blow over the enlarged spleen 
so as to show no external sign of violence. 

An important lesson for clinicians is that failure to palpate the spleen 
should not justify omission of microscopic blood examination for malaria 
parasites. 

Shepherd (1946) describes a radiographic technique for demonstration of the 
spleen without use of a contrast medium. The product of the length and breadth 
of the shadow of the sploen (moasured in inches) is called the radiographic splenic 
index. The upper limit for the normal radiographic spleen is an index of 8. 
That for the earliest degree of enlargement which could be detected clinically 
was 9J-10i. It is concluded that, in cases in which the clinical diagnosis remains 
doubtful and blood films negative, this radiographic splenic index may be of 
diagnostic value. 

Period of the day at which ague commences. — Quite a large pro- 
portion of agues “ come off ” between midnight and noon or in the early 
afternoon. This time factor may constitute an important point in 
diagnosis, especially as pyrexial attacks somewhat simulating malarial 
agues may he caused by liver abscess, tuberculosis, Bad coU infections of 
the urinary tract and septic conditions, in all of which febrile recurrences 
are apt to take place during the afternoons or evenings. ’(This rule does 
not obtain in therapeutic malaria where Kitchen has found two-thirds of 
the paroxysms occur from 3 p.m.-8 p.m. and only 8*7 per cent, from 1 a.m. 
to midday.) The fever in meningococcal septicaemia may show a tertian 
or quartan periodicity difficult to distinguish from malaria. 

Atypical agues. — There is an infinite variety of what may be termed 
“ masked malaria,’' that is to say, malaria without the more easily 
observable manifestations, especially in subtertian infections, which are 
apt to become pernicious. There may he a comparatively slight rise of 
temperature with supra-orhital neuralgia, headache, prostration, vomiting, 
or gastric oppression and dyspeptic symptoms. 

In benign tertian in the initial stage of a primary attack, the fever is 
quotidian and remittent in type, rarely exceeding lOS® P. (39-4° C.), and is 
tinaccompanied by rigors. At this stage it should be noted that parasites 
are extremely scanty in the circulation. In the fully developed stage the 
fever becomes intermittent and the peaks of temperature become higher 
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■Nvhilst each paroxj^siu is accompanied by a rigor. On blood examinajioi) 
numerous asexual parasites in all stages of development from young rings 
to mature schizonts are present in the peripheral blood. In relapse the 
fever is definitely tertian periodic. Asexual parasites in same stage of 
development are present in the peripheral blood. 

Course of benign tertian and quartan fevers. — Benign tertian 
ague usually lasts ten hours or less and may be taken as the type of a 
malaria] attack. In some cases the rise of fever is rapid and high, and the 
temperature may reach 105® to 106® F. within an hour or so ; on the 
other hand, in some cases none of the clinical phenomena are present and 
the temperature does not rise above 99-100° F. Benign tertian, unless 
complicated, is not usually fatal ; but the persistent and relapsing character 
makes it a tiresome disease and, if prolonged, may produce severe anaemia 
and debility. 

Certainly many strains of P. mvax seem to exist which differ in their 
virulence ; some are mild, as in Holland ; sometimes the fever is trivial 
and isolated attacks, without recurrence, are common enough. Various 
strains of P. ‘vivax have been found to possess distinctive characters and 
vary in the number and frequency of the relapses they produce; for 
instance the virulent New Guinea strains of Fairley and the “ Chesson ” 
strain of American workers which tends to relapse every six weeks which 
may be compared to the “ benign ” St. Elizabeth strain from America and 
the Madagascar Horton strain which may not relapse for several months. 
This is the typical relapsing malaria and it is probable that the tendency to 
relapse depends upon the strain of the parasite and rapidity with which 
tolerance is acquired. Janies (1930) has defined in this fever a recrudescence 
as the return of fever and parasites within eight weeks of recovery from the 
primary attack ; relapse as a return of fever and symptoms between the 
eighth and twenty-fourth weeks and recurrence as a return later than this 
period. This classification has been generally accepted. 

The presence of a rigor appears to be an index of severity, and the 
mean parasite density has been stated by Kitchen, on the first day of 
rigor, to be 4,012 per o.mm. The mean maximum temperature for the 
paroxysms is 104-2° F. As a general rule, the duration of a simple benign 
tertian infection before the parasites die out from the peripheral blood is 
nine months to one year after leaving the endemic area, but exceptions to 
this rule occur, as clinical relapses, with parasites in the blood, have been 
recorded as long as three years after the original infection. As it is 
seldom fatal the pathology is not so well-known as that of subtertian 
malaria, but it resembles it in a minor degree. This form of malaria reacts 
readily to quinine, atebrin, paludrine, plasmoquine, chloroquine and 
daraprim, but the parasites are difficult to extirpate. Initial remittent 
stage less frequent. 

£q the endemic areas the quartan parasite is most frequently found in 
children. The reason for this has not been definitely ascertained. 

The fever in quartan malaria is generally smart while it lasts, and is 
well-defined in its various stages, but it does not produce much systemic 
disturbance or cachexia or rigors. It has often been remarked that, 
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whilst individual attacks ot this infection are amenable to quiniiio and 
atehrin, the disease is more persistent than tertian or subtort.ian, so that 
attacks are apt to occur from time to time over a period of many yours and 
may persist as long as 12 or even 21 years (Shute). It is becoming incroas- 
ingly realized that sometimes quartan parasites may be proseui in the 
blood without evoking any special synipionis. Parasit.(is are iisnallv 
scarce in the peripheral blood. They are inori^ resistant to anti-malarial 
drugs in the sense that they persist in the bloods! roam for a wende or mmv 
while the patient is taking the drug. 

Quartan periodicity is the hall-mark of quartan malaria and is hardly 
ever found in any other disease. Double quartan and triple quartan 
fevers may be observed. In the latter the ieiuperaturo course lieconies 
quotidian. Occasionally, quartan fevers arc encountered without splono- 
megaly and apparently when parasites cannot be found in the blood; their 
true nature can be ascertained solely by the action of quinine by injection. 

Quartan malaria nephrosis. — ^Although kidney changes aio 
associated with subtertian malaria, nephrosis is commonest in conn iritis 
where the quartan parasite predominates. 

According to Giglioli both sexes are susceptible, and especially children, 
in whom quartan malaria is most common, but in adults males predominate. 
He regarded albuminuria in a febrile attack as an indication of paroncliy- 
matous nephritis ; Goldie, on the other hand, took a less serious view and 
considered the pathological picture as one of nephrosis and duo to the 
production of malarial toxins over a long period. The special liability in 
quartan is to be ascribed to insufficient initial treatment on account of tlu^ 
all too frequent non-recognition of this infection due to its mild character. 
It is thus much more liable to relapse into the chronic stage. The nopl irosis 
declares itself by generalized oedema and the passage of diHU'ensiul uriiui 
containing albumin and casts. The blood urea is not necessarily raised. 

Course of ovale tertian malaria. — This type closely resembles the 
benign tertian in its periodicity ; but, generally speaking, the attacks mi 
sudden, short and mild', and not accompanied % any grave degree of 
anaemia, whilst the rigors are more apt to take place during the ovoningw. 
Eheumatic-like pains in various parts of the body, especially the lumbar 
region, are characteristic, and sometimes pain referred to the appendix 
may suggest appendicitis. There is usually no excess of urobilinogim 
in the urine. Occasionally severe infections are encountered, but when 
the patient is really ill it is often superimposed on other infections, 
mch as the subtertian. It may evince considerable latency. There is an 
initial remittent stage in less than 50 per cent. Eigors are less frequent 
than in P. vivax and spontaneous recurrence is uncommon. 

Coupe of subtertian or malignant malaria. — ^Prom the clinicians’ 
viewpoint this is the most important form of malaria. It differs from the 
others primarily in the greater toxicity and greater variety of symptoms 
which it may evoke. It may appear in trivial form or rapidly develop 
into a dramatic and rapidly fatal disease. 

There are probably many strains of P. falciparum differing from one 
another in virulence as J ames has shown with his Sardinian strain . Herpes 
labialis is commoner with this form. 
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In distinguishing subtertian malaria the rigor stage is relatively less 
marked, or may be absent entirely. The primary attack begins ^th a 
sense of chilliness. The hot and sweating stages are more prolonged and 
liable to be followed by an adynamic condition {see p. 56 ), together with 
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Chart 4.— Quotidian fever (two generations of P. falciparum). 

vomiting, intestins^l irritation, hone pains, anorexia, headache and supra- 
orbital neuralgia and a degree of moderate sweating. After apparent 
recovery from fever there is a tendency to recrudescence at shorter intervals 
than in benign tertian. Subtertian fevers are accompanied by rapid 
haemolysis, toxsemia and succeeded by marked cachexia. The underlying 
pathology is due to the sporulation of parasites in the internal capillaries 
and relative blood-stasis owing to the stickiness of the infected red cells 
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whicli tend to agglomerate^ and also to iso-agglutinins in the serum, so 
that at any time during the course, and especially in primary injections, 
symptoms of the gravest character may appear. The tendency for 
successive paroxysms to overlap, or to become siibintrant, is marked. 
When intermissions a, re distinct the crisis is what is called “ a double crisis." 
Thus, when the fever has attained its apparent fastigium, there is a drop of 
one or more degrees of temperature — a false crisis — followed by a fresh rist< 
which is then succeeded by a true crm. This peculiar phenomenon has 
been attributed to the presence of two generations (d* parasites in the blood, 
one of which matures somewhat later than the other; it occurs ordinarily 
ill one other tropical fever: kala-azar (Chari 3). Such an infection may 
therefore produce a quotidian typhoid-like temperature chart Chart 4). 
Even at this stage the temperature may not exceed 103° F. or 104° E. 
(39-4°-40° C.). Hughes and Bomford (1944) pointed out that in milder 
clinical forms there is usually a relative bradycardia. 

Though this fever may be justly regarded as dangerous to life, yet it is 
singular that subtertian parasites may exist in the blood for months 
without seriously interfering with health. Then an explosion may 
occur, brought about by exposure or fatigue, with dire results, or, it may 
be, with blaekwater fever. Sometimes attention is drawn in other 
directions — to cedema of legs, diarrhoea, dyspepsia or some other apparently 
small complaint, quite unconnected with malaria, and these may appear' 
in men returning from West Africa in whom the first symptoms of ill-health 
may be noted after several weeks’ residence in a temperate cUmate. 

On the whole, though dangerous to life, the subtertian parasites (in the 
trophozoite or ring form) are more amenable to anti-malarial drugs than 
are the benign tertian, though larger doses are required to cut short the 
initial attack. Moreover, the lifespan of this species in the human body is 
much shorter, lasting nine months to one year after leaving the endemic 
area of this disease. The clinical forms which subtertian malaria may 
assume are so many that it may simulate many other tropical fevers, eveli 
mimicking surgical emergencies. Myalgic types, with muscular pains and 
stiffness, and gastric types, with vomiting and gastro-intestinal symptoms, 
are frequent in the milder forms. In the acute, as well as in the chronic 
stage, spontaneous and fatal rupture of the spleen may take place, 

^ Manson said, and it is particularly apt, “ What one sees in the* peripheral 
circulation is only a reflection of the drama which is occurring in the 
internal circulation.” 

Bilious remittent. — One type of suhtertian fever — bilious remittent 
—has long been recognized on account of the bilious vomiting, gastric 
distress, sometimes bilious diarrhoea, sometimes constipation, which 
accompany the recurring exacerbations. It is further distinguished 
by the pronounced icteric or, rather, reddish yellow or saffron tint of skin 
and sclersB— a tint derived, probably, not from absorption of bile as in 
obstiuctive jaundice, but from modified hflemoglobin (serum bilirubin) 
free in the blood or deposited in the skin and sclerotics. Sometimes oases 
are seen with intense icterus, high serum bilirubin and jaundiced sclerae, 

^Similar clumps of erythrocTtes have been observoa in monkeys infected with P. himleai and their 
oispersal with atebrin thera.py (Knisely). 
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^4tliout splenomegaly, but with large numbers of parasites in the peripheral 
blood. This type may be readily mistaken for various forms of obstructive 
jaundice. 

A modification of the bilious remittent — ^the “ typhoid remittent ” — very 
much more grave, as affecting life, than the simple bilious remittent. In the 
typhoid remittent, typhoid symptoms — such as low delirium, prostration, dry 
tongue, swelling of spleen and liver, subsultus tendimim — are superadded to 
the usual symptoms. Though recovery is the rule, a considerable proportion 
of such attacks prove fatal. 

Pernicious attacks. — The French neatly designate these acces per- 
nicieiix. They characterize subtertian infections, and may supervene in 
apparently mild cases and carry off the patient with horrifying suddenness 
— as suddenly as an attack of malignant cholera. Pernicious attacks are 
apt to develop in drug addicts {see p. 40). They are classifiable into: (1) 
septiccernic (or toxsemic) type, accounting for about 80 per cent., with 
nuTuerou'? para«iites in the blood, death taking place from cardiac failure ; 
(2) cerebral, accounting for some 55 per cent., ending usually in coma, in 
which, compared with other forms, parasites are usually very scanty in the 
peripheral blood ; (3) algid, with snbnormal temperatures and a clinical 
syndrome resembling that of shock, accounting for some 14 per cent., 
and finally (4) renal, with oedema and nephritic signs which, though rare, 
amount to about 1 per cent, of the total. 

Cerebral forms.— In the comrse of what seemed to be an ordinary 
malarial attack the body-temperature, instead of stopping at 104° or 
105° P., may continue to rise and, passing 107°, rapidly mount to 110° (or 
even, rarely, to 112°) . The blood shows hyperinfection with P. falciparum 
and more than 5 per cent, of erythrocytes are infected and most contain 
about two parasites in each corpuscle. The patient, after a brief state of 
maniacal or, perhaps, muttering delirium, becomes rapidly unconscious, 
then comatose, and dies within a few hours, or perhaps within an hour, of 
the onset of the pernicious symptoms. The skin is hot and burning. 
Fever sores (herpes Jabialis) are often observed around the lips and mouth. 
There is an almost distinctive facies. The pulse is rapid and dicrotic, and 
there may he generalized muscular twitchings. Splenic pain may be 
prominent. At first there is disorientation with motor aphasia. In- 
continence is usually a dangerous sign. 

Coma. — Sometimes the patient, without hyperpyrexia (the temperature 
perhaps not rising above, or even up to, 104°), may lapse into coma. The 
coma may pass away with a crisis of sweating ; on the other hand, an 
asthenic condition may set in and death supervene. There is often a 
paralytic squint, extensor plantar response and Cheyne-Stokes respiration. 
When subcortical haemorrhages are present, death usually ensues. There 
is a marked increase of pressure in the cerebro-spinal fluid, with increase of 
lymphocytes up to 400 per c.mm., as well as of albumin and globulin. 
Occasionally, granules of malarial pigment may be found. It is important 
to note that parasites may be very scanty in the peripheral blood and not 
infrequently they appear to be absent altogether, 

Marriott (1945) has classified the symptoms as follows : — 

Cerebral depression. — All stages from drowsiness to deep coma. 
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Cerebral excitation.— All stages from mild excifccinieiit a,Tid talkativeiKiss 
to extreme restlessness and mania. 

Beliamour character altoratioiis.— Irritability, and deprt^ssion 

developing in a previously well-balanced personality. Psy(*,hotic symptoms 
are not uncommon. 

Meningisymis closely simulating meningitis and joml nervous lesions 
resulting in dysphagia, diplopia, etc. Sometimes a focal spine lesion may 
cause paraplegia. 

Epileptiform attacks.— There has been some divorgonco of opinion 
about the origin of epilepsy following malaria. Mohr thinks that symptoms 
of meningitis, as the result of damage of brain subsianoo in cc^n^bral 
malaria, may arise, including opileptiform attacks. 

These cerebral attacks depend upon embolism by sponUating subterfcian 
parasites in the capillaries of the various nerve centres : in hyj)or])yrexia, the 
thermic centres are involved ; in aphasia, Broca’s convolution. Monoplegia or 
hemiplegia may result from iinplieation of various brain areas. yiHWiinathn.n has 
demonstrated tlirombi in the sagittal sinus and considers that this is a fac^tor of 
considerable importance. 

Malarial amblyopia . — In rare instances a comatose pernicious attack omls 
in blindness. The amblyopia is usually transient, lasting for an hour or two 
only. On the other hand, it may be persistent ; in which (*.asc optic neuritis, 
peripapillary oedema, extravasation of leucocytes, plugging of retinal and (dioroidal 
vessels by parasites or pigmented leucocytes, and cons(Hiuent multiple luoni- 
orrhages, may be found in the fundus. The disc itself is rosy or (dicrry-]>ink in 
colour, which is considered diagnostic. If the hooinorrlmges arc minute they 
are discoverable by the microscope only ; on the other haml, largo retinal 
haemorrhages do occasionally occur. There may bo blurxnng of the («lg(^s of 
the discs (Appelbaum and Gelfand), and partial atrophy may follow, ’These 
fundus changes differ from those of quinine amblyopia. In the latter, doponding 
on retinal toxic daniage, the amblyopia is more persistent ; tho discs aro usually 
white and the vessels shrunken; central vision is tho first to ro(iov(^r. (In tins 
modern literature of malaria there ai*e very scant rofcrencos to tho fundus changers. 
Raynaud in 1892, in a monogi'aph, described them in groat detail, and <1(5 Muwsy 
in 1872 first described retinal hsemorrhagos.) 

The Editor has observed hemiatrophy of the optic disc with altitudinal 
hemianopia in an unrecognized case of subtertian malaria. Maekay-Diok (1944) 
has recorded a unique complication — ^marked diplopia with paralysis of tho kd't 
external rectus muscle due to a lesion involving the sixth cranial nerve. 

Otlwr cerebral form . — There may be suMen delirium on ding in coma and, 
perhaps, death; conditions simulating cerebrospinal meningitis; delusional 
insanity; dementia; acute alcoholism; various forms of apophctie-liko 
conditions and of paralysis, complicated, it may be, with aphasia. Soiztires 
of this description, if not fatal, ma-y end in permanent psychical disturbances, 
with a tendency to suieide. Temporary debility, or even complete loss of 
memory, may succeed severe cerebral malarial infection. 

Algid forms. — ^The algid forms of pernicious attack, as indicated by 
the name, are characterized by collapse, extreme coldness of the surface 
of the body, and a tendency to fatal syncope. These symptoms usually 
co-exist with elevated axillary and rectal temperature. Flooding of the 
peripheral blood with vast numbers of parasites in all stages of develop- 
ments— gametocytes as well as sehizonts— is sometimes found. The 
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prognosis is usually bad, but rarely this may be seen in an attack of 
average severity. It indicates a continuous fever of at least two weeks, 
or a relapse of short duration. 

Gastric form , — This may be associated with, and in a measure be depen- 
dent on, acute catarrhal dyspeptic trouble. It is accompanied by severe 
epigastric distress, tender retracted abdomen, and incessant vomiting. 
The vomited matter may contain blood. 

Choleraic form , — Malarial attacks are sometimes accompanied by 
choleraic symptoms. The stools suddenly become loose, profuse, and 
numerous, but generally not so profuse or colourless as the rice-water 
discharge which pours from the patient in true cholera ; they retain a 
certain amount of biliary colouring, and may be mucoid, or even bloody. 
As in cholera, the serous drain may lead to cramps in the limbs, loss of 
voice, pinched features, “ washerwoman’s fingers,’' almost entire sup- 
pression of urine, and perhaps to fatal collapse. The high axillary tem- 
perature, if present ; a history, maybe, of recent ague fits ,* the subsequent 
rapid cessation of choleraic symptoms on the appearance of the hot and 
sweating stages ; the colour of the stools, and other collateral circumstances, 
usually suffice for dia^osis, particularly if they are supplemented by 
microscopical examination of the blood. Although not usual, recurrence 
of the choleraic symptoms may take place at the next fever period. 

Dysenteric forms , — Another form of pernicious attack is characterized 
by the sudden appearance of dysenteric symptoms, by severe and recurring 
haematemesis, or by haemorrhage from the bowel or elsewhere. This 
possibility must therefore be kept in view; particularly if, in what at first 
sight appears to be ordinary dysentery, the axillary temperature is found 
abnormally high. Dysenteric forms are explained as due to blocking of 
the intestinal capillaries by masses of parasitized cells, with consequent 
necrosis of the mucosa. 

Ecemorrhagic forms , — As in purpura, so in these pernicious attacks, 
haemorrhages may occur in almost any organ. Purpuric heemorrhages 
into the skin may be generally distributed over the body ; they may be 
diagnosed by skin biopsy, and demonstration of the parasites in the 
capillaries. They are rare, but are commonly associated with better- 
known phenomena of malaria. 

(Edema , — General anasarca with chronic subtertian malaria has been 
noted in debilitated subjects as, for instance, in war refugees in Greece and 
in the great Ceylon epidemic of 1934. Wickramasuriya recorded it in 
40 per cent, of 357 cases specially investigated in pregnant native women. 
It is by no means infrequent in therapeutic malaria (Kopp) and has 
been regarded as due to marked reduction of the plasma proteins. This 
oedema sometimes disappears on treatment. 

Acute hcemolytic anoemia.— There is a rapidly developing and pro- 
gressive anaemia in the fourth or fifth week of a primary subtertian attack 
or in an untreated chronic relapse^ only comparable to that seen in the 
most advanced stages of pernicious anaemia. These cases are characterized 
by great pallor of mucous membranes and conjunctivse, cardiac distress, 
dyspnoea, haemic murmurs, and retinal haemorrhages ; the blood-picture 
by a blood-count of under 1,000,000, extreme leuoopenia, a reduction of 
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haemoglobin to 10 per cent, or under, inaerocytes and juegaloblasia in 
the blood. 

Rarer clinical forms of sub tertian malaria.— Pulmonary forms 
have been described, with congestion of the pulmonary vessels, bronchitic 
symptoms or even oedema of the lungs. Rare cases with rapidly develop- 
ing anasarca and ascites were observed in Macedonia and in Palestine 
during the 1914-18 war; and, oedematous forms with nephritic signs, 
such as blood-cells in the urine, have been noted. Disturbances in the 
vaso-motor mechanism, as in Baynaud’s disease, have been recorded, and 
occasionally gangrene of the toes and fingers. 

Orchitis in the course of a malarial attack may be due to agglomeration 
of parasites in the testes (Mayer and Bastille). 

Mixed infections. — Double infections with P. vivas and P, Jalcipanun 
are common and may give rise to some confusion, especially when the ring 
(or trophozoite) stages of both parasites are present in the blood at the 
same time. More usually P. vivas is superimposed upon P. falciimmm^ 
so that the patient runs through the average course of the latter, and when 
he has apparently recovered, relapses of P. vivax make their appearance. 
This late appearance, it may be after a lapse of six months or even a year, 
was commonly observed in soldiers infected in war zones in both 1914-1918 
and in the recent war in India and Burma (194B-1945). In the eiidomic 
areas of quartan malaria — in S. Ceylon and Malaya — double iiifocdions 
with P. vivax and P. malarioe are quite common, and in these cases the 
latter parasite survives longer. On one occasion tlie Editor found all three 
species in the bloodstream — P. faldpanm as well as the two nlroady 
mentioned at the same time, though the course of the illness was not 
exceptionally severe. 

Malaria in indigenous inhabitants of the Tropics. —Malaria, as 
it occurs amongst Africans and other indigenous peoples who have been 
exposed to its ravages for centuries, presents a different cliiucal picture 
to that of the non-immune European. From infancy onwards he is 
exposed to repeated plasmodial infection and is in a state of preumuition 
(p. 74). Acute malaria is in these people predominantly a disease of 
infants and young children in whom premunition has not yet been estab- 
lished. Pernicious complications, including cerebral malaria, account for 
a considerable proportion of deaths. Soon, however, in older children 
and adults living in the endemic area, a gradual acquisition of relative 
iimnunity becomes evident. The rise of temperature which heralds an 
attack is not accompanied by shivering and the whole illness is of a vt 3 ry 
mild character which hardly interferes with the day’s work. Vomiting and 
sweating are usually absent. Verily it resembles a different disease. 

In the great majority chronic malaria exists without giving rise to 
significant features, even though plasmodia may ])e present in blood 
smeam. Thus the picture of chronic ill-health so graphically displayed by 
the sick European under similar circumstances is absent. Splenomegaly 
is alnaost always present and a low-grade continuous pyrexia is s^eldorxi 
sufficiently pronounced to interfere with the daily round, but an amBinin 
of a moderate hypochromic type becomes established. 
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Malaria in pregnancy. — Pernicious symptoms are apt to develop in 
pregnant women infected with Plasmodium faldjparum. Cerebral mani- 
festations in late pregnancy arising unexpectedly, without any previous 
malarial history, may cause serious diagnostic difficulties. The majority 
ore diagnosed as eclampsia. The epileptiform attack in pregnancy is l^etter 
termed “ eclamptic.” A lucid interval is very likely to follow intravenous 
quinine therapy and is apt to lead the inexperienced physician astray. 

“ Latent ” malaria tends to persist through pregnancy, to become active 
during parturition or lactation. Wickramasuriya, who has adequately 
surveyed this subject, finds that malaria can modify the course of 
pregnancy by spontaneous interruption before term ; indeed, malaria 
jper se is a far more potent oxytocic than any drug, especially in the ill- 
nourished who are also suffering from ancylostomiasis. Litra-uterine 
death of the foetus is fairly frequent, whilst clinical and pathological 
evidence points to malaria as a powerful predisposing factor in the tox- 
aemias of pregnancy, such as pre-eclampsia, eclampsia, and “ nephritic ” 
toxaemia. In subtertian malaria, albuminuria and oedema of renal origin 
appear. Hypertension, that most important criterion of pregnancy 
toxaemia, is often noted. Greater dangers are to be expected when the 
disease occurs in the later than in the earlier months of pregnancy. 

Malaria after operation. — ^Latent malaria is often brought out by 
operations and is a definite factor in retarding post-operative recovery. 
Parry (1946) found that wounds do not heal normally, but show a tendency 
to haomorrhage. Skin grafts do not take till antiinalaria treatment is 
instituted. Intravenous anesthesia tends to produce cerebral malaria in 
infected subjects and inhalation anesthesia broncho-pneumonia. Bodily 
injury, parturition or shock, may precipitate an attack of malaria in spite 
of regular antimalaria drug prophylaxis. The parasite concerned is 
usually the benign tertian. 

Malaria in small children. — ^Malaria, especially subtertian, is a 
much more severe disease in children than in adults, especially in native 
races. Benign tertian malaria frequently produces the most alarming 
symptoms in babies, but it is not necessarily very severe and is easily 
controlled ; but subtertian malaria is especially likely to assume the 
cerebral form and should always be regarded seriously. Amongst 188 
babies examined periodically from birth onwards in Nigeria the infection 
rates were 3 per cent., 14 per cent, and 50 per cent, respectively and nearly 
100 per cent, by the end of the first year. Malaria was responsible as the 
cause of death in 9 per cent, of infants dying in hospital; in 13 per cent, in 
early childhood; in 7-4 per cent, in the younger and 3*6 per cent, in the 
older age groups. 

Complications. — Subtertian malaria may complicate, or be complicated 
by, almost any other disease ; a common and very fatal terminal event is 
pneumonia, either lohar or broncho-pneumonic ; this was noticeable in 
the influenza epidemic of 1918. Enteric greatly complicates the clinical 
picture, as do the main forms of dysentery. Pulmonary tuberculosis 
is very likely to supervene in cachectic cases. During recent years primary 
atypical pneumonia has been associated with epidemics of subtertian 



60 


MALARIA 


malaria in the war in North Africa and Italy. Tho symptoms arc very 
similar and in 30 per cent, malaria was present as well as pnounionia. 
Noma or cancmin oris frequently complicates severe snl)iortin,ii malaria 
in small children in Turkey, whilst purpuric raslies iiiid cloasina, pigUKuita,- 
tion of the face is relatively frequent. 

The chiej and most dmmatie sequel is mdouhiedfy hlaidimtter Jerer. On 
the other hand, bahies at the breast of African inothors dm*inf( tlie lirst 
three months seldom contract suhtortiaii malaria. niaiV Ix' diu^ to 

the action of the mother's milk (see p. 86). ^Hins (liirnliani in the 
Kavirondo district found that at the end of tho third month only 10 per 
cent, of children were infected, th(T(‘aftor the percentage affocd.cul rose 
rapidly so that by the end of nine montlis all had the discxist'. 

BLACKWATEE FEVER 

Synonyms. — Malarial Haemoglohinnria ; Hocinoglobinurio Fovor. 

Blackwater is an exaggerated form of snbtortian malaria consisting; of 
acute haemolysis of the red blood corpimelos whicdi Hlxu-aio haunoglobin 
into the plasma and produce haemoglohinnria. 

There are certain points of analogy botwooii it, paro.xysmu,! luctno- 
globinuria, the haeinoglobiiinria of snake venom ])oisoning, inconipa,tiblo 
blood transfusion, the haemoglobmuria of crush injury, favism, and tho 
red water fever of cattle, due to Babesia boois. In APricn-ns Inm noglobinuria 
also occurs in association with siokle-coll amemui. 

Geographical distribution follows that of siibtmtian malaria - -th(^ 
West Coast of Africa from Senegal southwards, in tli(^ deltas of tlu* ( lambia, 
Niger and Congo. In East Africa on the Zaihbosi, tho lower Shire and 
shores in Lake Nyasa, in Tanganyika, Uganda, North and South, Rliodtwia,, 
Abyssinia, Algeria, in South Madagascar and Mauritius. 

In Asia, in Palestine, South Persia and Iraq; in India, Jiihnr, Assam, 
Darjeeling, Terai, Dooars, Merut and Amritsar; Burma, and North Siam; 
in China, in Yuiman, in Java, Indonesia, New Guinea and tho Solomon 
Islands. 

In America, it used to occur in Southern States, in Central Amorica., in 
Guianas, Upper Amazon, North-East Brazil, Venezuela, Jamaica, St. Kitts 
and Trinidad. 

In Europe, Bulgaria, Macedonia, Albania, Greece, Sicily, Sardinia, 
Central Italy. 

Epidemiology. — ^At times blackwater fever appeared to assume an 
epidemic form. Very often, as in yellow fever, tho magnitude of an 

epidemic ” depended on the number of susceptible persons — new arrivals, 
it may be other than Europeans — within the endemic region; an, for 
instance, Bengali clerks in the Punjab, Egyptians in tho Sudan, Chinese 
imported into British Guiana, negroes in Panama, and Centr«al African 
natives from malaria-free highlands who go to live in the malarial foothills 
or plains. Thus it broke out among the labourers employed in making 
the canal through the Isthmus of Corinth. 

^ Blackwater was comparatively rare in West African negroes, but now, 
since the institution of antimalaria naeasures and the lack of immunity 
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thus produced, it is as frequent in them, in Arabs and Hindoos as it was 
in Europeans. Eeyntjens and Chesterman emphasized that, under normal 
conditions, the negro child, during its first year of life, escapes blachwater 
though it frequently dies of malaria. When, however, it is protected 
against the effects of malaria by quininization, it may become susceptible 
to blachwater. 

The occurrence of several cases in the same family may not be pure 
coincidence, but is explained by common exposure to subtertian malaria. 
“ Blackwater-fever houses” in Rhodesia prove on investigation to be 
bungalows with exceptionally bad surroundings, and highly malarious. 
In British Guiana the same tendency has been noted by Giglioli. 

^Etiology. — Many factors formerly discussed can now be discarded. 

Malaria theory. — Although blackwater fever is co-endemie with sub tertian 
malaria in several regions, it is not so in all parts of the world. To Reeks and 
Janies in Panama must be given the credit of definitely associating the subtertian 
malaria parasite with blackwater fever and of successfully demonstrating that 
measures devised for suppressing malaria are singularly efficient in extirpating 
it also. 

The production by S. P. Janies of blackwater fever in paralytic subjects, 
artificially inoculated with certain strains of subtertian malaria, and the analogous 
effects brought about by massive infection of monkeys {Macaca) with Plasmodium 
appear almost conclusive that the generally-accepted aetiology is correct. 

In therapeutic malaria no case of blackwater has ever been observed in 
association with P. vivax, P. malarice or P. ovale infection, but solely with 
P. falciparum. 

Quinine and other drugs. — One stumbling-block in understanding the 
true mechanism of blackwater fever is the influence of quinine and sulphona- 
mides in causing extensive haemolysis. Both are lytic agents in vitro, but 
it is Imown that quinine in healthy persons does occasionally cause hsemoglo- 
binuria and a clinical picture resembling blackwater. Two such cases have 
been reported in patients with an idiosyncrasy to quinine by Terplan and 
Javert (1930) and again by Vartan and Discombe (1940). Both these were 
women who took large doses (76 gr.) of quinine as abortifacients. Fatal hsemo- 
globinuria resulted, with pathological appearances of true blackwater fever. 
Methfiemoglobin was demonstrated in the urine. Neither patient had ever been 
exposed to malarial infection. If this is true, then it is conceivable that hsemo- 
globinuria may ensue in patients infected with P. vivax and P. malarice and 
excessive quinine dosage. In some susceptible normal individuals quinine, in 
small doses, may produce a transient haemoglobinuria, as in the instances cited 
by Manson, Thomson and Macmillan. But true blackwater fever occurs in 
native races to whom quinine is quite unknown ,* and, indeed, it was recognized 
by Hippocrates long before the introduction of cinchona bark, whilst Connal in 
Nigeria recorded 24 cases of severe blackwater in negroes who had never taken 
quinine, and demonstrated from death-rates that regular quinine takers were 
less liable to a fatal blackwater attack than those who took this drug in an 
irregular manner. 

Again, Thomson in Rhodesia, has shown that certain malaria-infected 
individuals are specially liable to mild blackwater attacks after even small doses 
of quinine. Miihlens and Knabe published a case of extraordinary quinine 
susceptibility in a young patient fronn West Africa in whom less than gr. 1 
quinine-urethane invariably produced blackwater. Fairley and Murgatroyd 
cited another instance of double infection with P. falciparum and P. vivax, where 
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a similar susceptibility to quinine was noted, hut later, when the iiijihiria inlbotion 
had disappeared, this drug, even in large doses, had no similar aetion nor was 
there any evidence of increased sensitivity to it by cutaneous tests. Though 
malaria is the chief factor, any antiinalarial drug can bo a pre(‘ipitating agent. 
The Editor has had this experience with atebrin, and others Avith })aludrino. 

Sensitization. — Findlay and Markson (1947), in a series of experinionts on 
Afncan volunteers who had recovered from blackwater, produced relapses two, 
three and nine days after with an intramuscular injection of 5 ml. of sub tertian 
malaria blood. 

In order to develop one attack of blackwater fever it is necessary to bo sensitized 
to the malaria parasite and then it is possible to induce a second attack in those 
still sensitized by injection of a fresh dose of antigen, just as a now atd-ack of 
asthma may be induced by exposure to the correct allergen. 


Mechanism of haemolysis. --This is not yet fully understood, but the 
following facts have been ascertained. Hicinolysis alToots parasitized, es well as 
unparasitized, cells and this in a minor dogreo, is analogous to that obwwved in 
malaria, uncomplicated by hminoglohinuria. The splenic factor is olkm con- 
sidered a possibility in lysis, mainly on the analogy of the part it plays in other 
haemolytic states. Foy and Kondi postulate that'tho sideon may fuiudion as a 
reservoir for hypothetical haemolysins. They liavo injected tii(% liimnolysing 
blood of blackwater into a recipient who responded, not by reproducung bliwdi- 
water or any other signs of haemolysis, but by subsequently developing mih- 
tertian malaria. 

Stephens and Christophers found in an attack of blackwater tluj rvd ludls Hhovv(Ml 
an increased resistance to different strengths of saline. But \vd cidls from a 
case of blackwater are rapidly lysed, when transfused into a norinal subje^et, 
and normal cells similarly so, if injected into a blackwater pat-hnit during a 
lytic phase, but it is apparent that lysis is not priinarily duo only to <'hang('H in 
the red cells of the patient. An important bearing in this (u>Iineet.ion is th(^ 
discovery by Maegraith, Findlay and Martin (1943) of a hoaidabih^ lyti(^ Hg<mt 
in human tissues which is inhibited by normal sera. 4'ho latter fut‘tor 'iH ixHhuu'd 
during the haemolytic crisis of blackwater. It is thoroforo Bugg(\stod that in 
increased haemolysis the inhibitory factor has disturbed the habinct^ of th(‘ Ivtii* 
agent and inhibitor to the lytic side. 

Foy and Kondi, during their five years’ experiences in Mac(‘(lunia, found a 
relationship between the number of malaria cases in one year and tlu^ nutnlxM* 
of cases of blackwater in an already sensitized population, but no 8U(*.h (X)rrclntion 
in an UTisensitized population. Liberation of hsemoglobm-hmnioglobinuria <ian 
readily be demonstrated when the blood-serum is examined diroc.tly the crisis 
takes place and probably, by the time the pigment appeal's in the urine, a larg<^ 
proportion of erythrocytes has already been destroyed. The pigmtmt is r(mu)vc(i 
by phagocytosis by the reticulo-endothclium and converted into bilirubin, wdiieh 
in turn is absorbed by the liver cells and eventually ajipears in the bib*. ; thorc^fon* 
some de^ee of hyperbilirubinsemia is common iii blackwater. fSome ox(u‘SH of 
hsemoglobm pigment is passed in the urine as oxyhemoglobin (red in alkalim^ 
unne) or as methcemoglohiTi (dark reddish-brown in acid urino), but some rcmainH 
m the plasma m the form of oxy- and methsBinoglobin. 

Some of the hKmoglobin, ooaverted into metliajnioglobiu. is then exorotod in 
tto Jbdney and forma the cylindrical plugs in the tubules -which represent the 
t^My albuminous hsemoglobin-eontaiuing exudate which -were formerly con- 
siaered to constitute the mechanical cause of anuria, 

MeOcem^mm (pMudomethsemoglobin) or hmuiiwuUbumin (Keilin), a 
pigment desonbed by lairley and Bromfield, is brownish in colour resembling 
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methcenioglobiyi by spectroscopic analysis ; it is not reduced by Stokes’s reagent 
or by ammonium sulphide. Being a non-threshold substance it neyer appears 
in the urine. It is probably produced by union of hsematin (ferric) in plasma with 
serum albumin. The pigment can be synthesized in vitro by the addition of 
alkaline hsematin (ferric), prepared from pure haemin, to human or simian plasma 
at 37^ C. It therefore appeal's to be a chemical compound, consisting of a pros- 
thetic group, oxidized hsematin and a protein-natural serum albumin (crystal- 
albumin) . Schumm and Hegler first demonstrated hcematin in human serum and 
that it also gives a spectrum resembling that of methsemoglobin. Methsemal- 
buminaemia occurs during intravascular haemolysis in many other conditions and 
after certain drugs, such as a combination of quinine and pamaquin. Methsemal- 
humin should be regarded as a product of normal haemolytic metabolism when 
free hsenioglobin is liberated in the serum, hut a severe haemolysis is necessary 
before it becomes apparent. It is recognized that since quinine is no longer 
used as a prophylactic, blackwater has practically disappeared. 

Haematinuria has been found in a series of pathological conditions such as 
potassium chlorate, dhiitrohenzol poisoning, as well as in haemolytic states, 
such as pernicious anaemia, paroxysmal haemoglobinuria and even malaria. In 
blackwater the blood urea is raised, especially in cases threatened with suppression 
of urine and oliguria. 

Yorke, Murgatroyd and Owen demonstrated that blood urea commonly rises 
ill uncomphcated cases to 65 mgin. per cent, on the fourth day of the disease 
and there is a similar rise in severe subtertian malaria. In one of the Editor’s 
cases 207 mgm. was recorded with ultimate recovery and even higher figures 
have been given by others. Other features are decrease in the plasma bicarbonate 
and a definite lowering of the alkali reserve in association with urea retention. 

The mechanism^ of anuria has been the subject of some controversy and some 
of the older hypotheses have been called in question. 

Toy, Gluckman and Kondi (1944) found that complete anuria was not associated 
\i’ith blockage of renal tubules. It is pointed out that raethsemoglobin is an 
oxidation product of haemoglobin, the iron moiety being converted from the 
divalent to the trivalent state, but a number of substances, not oxidizing agents, 
such as aniline, acetanilide, and sulphonamide also produce methaemoglobinaemia. 
Renal failure in blackwater, incompatible transfusions, crush injuries, utero- 
placental damage and severe vomiting, as well as in sulphonamide poisoning, 
could not be explained simply as the result of blockage of renal tubules by 
products of hsemoglobin precipitated from an acid urine. 

Following on this Maegraith and Findlay ( 1945) stated definitely that blockage 
of the renal tubules with debris and haemoglobin products is not the deciding 
factor in the production of oliguria. The changes in the renal epithelium were 
thought to he partly due to anoxia. 

Finally, Maegraith and Havard (1946), on the analogy of anoxia in other 
different conditions, such as surgical shock, cholera, renal failure, think that, in 
oliguria and anuria (tubulo-vascular syndrome), kidney changes are produced by 
lack of oxygen, resulting from changes in the renal blood flow. 

There is a reduction in total blood flow through the kidney, a redistribution 
of blood flow through its component parts, and, in consequence, the cortex suffers 
front ansemia and anoxia, either relative or absolute. 

Anuria results then from the renal anoxia syndrome and primarily from the 
failure of glomerular flow. On the other hand Dawson and Findlay (1947), in 
experiments on the relation of haemoglobinuria and anoxia with reference to 
blackwater fever in dogs and monkeys, have brought forward evidence to suggest 
that retention of histidine may be related to renal failure and development of 
pressor activity in the blood, whilst, in patients with haemoglobinuria they have 
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demonstrated an increased excretion of histidine in tlu‘ urine. It is 
that in all cases of renal anoxia a ]>rolcolytie cMizynu^ is lilx'rided from 1-iHsuos 
and that it acts on various substances to ])rodnc(‘ polyjicptiti'H, wliich net as 
constrictors of the glomerular arteries ajid thus decrease the blood supply to 
the glomerulus. 

The mechanism of other lijornoglobitiurias has boon stiidiod. In paroxysmal 
haemoglobinuria, if the blood be withdrawn and tlic serum sepiu’uted, l.htui t?ooled 
to freezing-point, aiad subsequently wanned to 37° C. with tlio atkiition of the 
patient’s erythrocytes, active haemolysis takes })lacc. This docs not ocmv in 
blackwater-fever cases. The tost by which this fact is hroughti out is known as 
Yorke’s autolytic reaction.^ 

Donath and Landsteiner have shown that in this disease InannoIysiH takes jdat^c 
in the peripheral blood, and that cold is the exciting caus(^ 

The theoretical considerations which underlie this rc’iaction are compli(*at(xl, 
and concern the mechanism of immunity, and the ])r()porlion of innnmie body and 
complement. In the serum of paroxysmal hnetnoglohiniiriii the hnnmnc body is 
greatly in excess of the complement, whereas in blackwatcr fcwcu’ the reverse 
obtains. 

Dacie, Israels and Willdnson have drawn attention to paroxysmal hautu)- 
globinuria of the Marchiafava type, the chief characteristics of \vhi<‘h consist 
of chronic haemolytic ansemia, associated with jaundice, and persistent Inmtioglo- 
binsemia. Autohsemolysis was demonstrated m vitro and shown to ho depcMuUmt 
on the of the system. It has been shown that it is a ncxiturnal luvmm 
globinuria, and that the urine is clear by day. Tho pigment is found to be 
methaemoglobin. 

Pavism in Greece and Sardinia is a syndrome which may bo cjon fusml with black- 
water fever ; hemoglobinuria develops after eating broad beans ( Vida Java) (h’oy 
and Kondi). Similar cases have now been described in tho IJtiitcil Statt\s, lta.l,^^ 
Sicily and Palestine. This is probably an allergi(‘, manifcHtai.ion. 


Predisposing onuses. — Individuals of all ages hi id boMi ho.vos iU'o 
liable, but from the facts already put forward it is obviouH that hlac.kwattu’ 
occurs more frequently in European moii of mature years who live in the 
countries where the disease is endemic. At one tiino race wa.s consiihu'od 
an important factor. Negroes who live in places which arc fr(‘c from \\m 
disease develop blackw^ater fever as readily as Europiiatis, if tlu^y are 
exposed to the same conditions. Tlehn luentkmotl serioius outlmuks 
among natives on the Cameroon niouulaius, tlioso who come to thii coiist 
from the interior being especially attacked. 

Europeans are rarely attacked within the lirst year of rosidetuic in a 
blackwater-fever country, though cases have beeu reported after ho short a 
residence as three or four months, and exceptional attacks may dovolop 
in those who have not previously shown definite symptoms of malaria. 
Comparahle is the dramatic occurrence of blaokwater fever in apparently 
healthy persons who have arrived in England at the expiration of tlieii 
^ 4® often as not, the patient gives no previous history 

of fever while m residence in the tropics. The explanation seems to bo 
that a suhtertian infection is lying latent until aroused by exposure 
to cold, alcohol, or some other factor. 


_ The disease observes a roughly seasonal incidence ; it is specially frequent 
m late summer and autumn in the southern states of America. On the 
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West Coast of Africa it seems to be most prevalent at the close of the rainy 
season, or in August and September ; in Central Africa and Nyasaland, 
especially in the highlands, a maximal incidence is seen during the wettest 
months, May to August, when the lowest temperatures are registered. 
In Southern Rhodesia, where the hot rainy season and the dry cold season 
are sharply defined, the malarial incidence increases after the rains in 
April ; that of blackwater fever immediately rises also, and is maintained 
from March to July. During the 1914-18 war, in Salonika and Palestine, 
cases occurred among the troops especially during the cold winter months. 

Pathology of Blackwater Fever.— The morbid anatomy and microscopic 
pathology of blackwater represent an hypertrophied picture of subtertian malaria. 
Certain points need emphasis. The gall-bladder is distended with dark-green 
bile. The sphm is soft, dark and contains a large amount of blood pigment 
and hsemozoin with evidence of hsematophagy by macrophage cells. The liver 
is congested, dark and often shows areas of focal necrosis. The hidneya are 
large and congested and of a peculiar sandalwood or greyish-brown colour. The 
tubules are blocked with haemoglobin infarcts and debris. The cells of the 
collecting tubules are laden with hsemofuscin, whilst the capillaries are filled 
with hsemozoin. The appearances resemble those seen in crush-injury, favism, 
snake- venom poisoning and incompatible blood transfusion. In more chronic 
cases the kidneys resemble those of chronic parenchymatous nephritis. 

The blood changes are similar to those of acute subtertian malaria with 
parasitaemia. There is a great reduction of red blood corpuscles, the degree 
depending on the extent of haemolysis. The count may fall to one million per 
c.mm. in 24 hours, but in fulminating oases half that number has been recorded. 
At this stage shadow corpuscles can be seen m fresh preparations and effete red 
cells within the phagocytes. 

During recovery there is considerable reticulocyiosis with intense polychromasia, 
stippling of the red blood corpuscles, and sometimes there are normo- and 
megaloblasts. There is usually an increase of the mononuclear cells, about 
12 per cent. In the earlier stages the serum contains methsemoglobin and 
raethsemalburain. 

Symptoms. — Some clinicians recognize a clinical condition which, for 
want of a better term, may be described as a ^re-hlackwater state, indicating 
a suspicion that blackwater is imminent, and it is vise to be on the look-out 
for the following clinical signs: The patient is one who has passed toough 
several slight attacks of fever, or at any rate has been infected with the 
subtertiaii parasite for several months. The complexion is sallow, the 
conjunctiva icteric, the liver enlarged, congested and tender, the tongue 
furred, the spleen is generally enlarged, and constipation is the rule. There 
is usually persistent headache. The urine is dark, owing to the excretion 
of increased amounts of urobilinogen, and contains a slight amoimt of 
albumin. On examining the blood, scanty ring-forms of the parasite may 
he found, but it is noteworthy that eases of suhtertian malaria with high 
fever and large numbers of parasites in the peripheral blood do not, as a 
rule, develop blackwater. 

The onset of blackwater fever is usually sudden. A slight or, more 
generally, a very severe rigor is followed by intermitting, remitting, or 
irregular fever* with marked bilious symptoms. The pyrexia and rigors 
do not seem to be the effects of the malaria parasites as much as of a 
sudden liberation of the products of haemolysis ; in other words, resembling 
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a haemoclasic crisis or “ jiroteiu slioclu” Earlier or later in tlio attack, 
usually during rigor, the patient becomes conscious of aching pain-- 
perhaps severe — in the loins, in. the region of the liver and spleen, which 
are enlarged and palpable, and over the bladder. In exceptional insl/ancos 
these local pains are absent. In response to a somewhat urgent dosiro ho 
passes water, when lie is astonished to see that his urine has become very 
(lark in colour, perhaps malaga-coloured, or possibly almost black. Tlie 
fever continues, though it is not necessarily very high. Very likely ho 
suffers from epigastric pain and distress, bilious vomiting to an unusual 
extent and, it may be, bilious diarrhoea ; or he may be constipated. Tlu^ 
pain in the loins and the liver-ache continue, and the urine becomes darker 
and darker. By and by he breaks into a profuse sweat, and the fewer 
gradually subsides. The urine, which hitherto may have boon souunvhat 
scanty, now flows freely ; and after passing through various paling shade's, 
from dark brown to sherry red, becomes natural. Usually, and coiii- 
cideiitly with the appearance of the dark colour in the urine, or even 
before this, the skin and sclera* rapidly acquire a deep saffron-yellow tint. 
This icteric coiidition persists, and even deepens, during the progress of thi' 
fever, continuing to be a striking feature for several days. When the 
fever subsides the patient is conscious of a feeling of intense weakness, 
from which he recovers but slowly. Fever, with or without rigor, may 
recur next day, or for several days ; or it may cease ; or it may bo remit- 
tent, or almost continued, in type. The hfemoglobinuria may' recur with 
each rise of temperature, or there naay be only one or two outbursts ; it 
may continue for an hour or two only ; or it may persist off and on for 
several days or even weeks. 

In the more severe form of blackwater there is usually a very great 
amount of bilious vomiting, of intense epigastric distress, and of s(were 
liver- and loin- ache. The urine may continue copious and very dark ; 
or, continuing haemoglobinous, it may gradually get more and more scanty, 
acquiring a gummy consistency, a few drops only being passed at a time. 
It is considered ^ that the kidneys may excrete up to 86 per cent, of the 
total hsBmoglobin in the blood, though this by no means represents the 
total amount liberated in many cases. Finally, urinary excretion may 
be completely suppressed. 

In severe cases death is the rule. It appears to be brought about in 
one of three or four ways. The fever may assume the typho-adynamic 
type ; or sudden cerebral, hyperpyrexial, or algid symptoms may super- 
vene. Hiccup is a fatal sign. In other cases the symptoms may bo 
like those consequent on sadden and profuse haemorrhage— jactitation, 
sweating, sighing, syncope. Death may take place from sudden heart- 
failure after slight exertion, or from exhaustion consequent upon cyclical 
vomiting, or from sudden hemorrhage from stomach or bowel. Or it 
may he that suppression of urine, persisting for several days, terminates, 
as eases of suppression usually do, in sudden syncope, or convulsions and 
coma, ^ very acute cases death may be due to focal necrosis of the 
liver. More rarely, nephritis may ensue and the patient die from urtemia 
three or four weeks after all signs of heemoglobinuria and fever have 
disappeared, or he may succumb to some superimposed infection. 
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streptococcal, septicaemic, or pneumonic. One attack of blackwater appears 
to predispose the individual to a second, and second attacks, or more than 
two, have been noted in Nigeria in about 20 per cent, of cases ; according 
to Stephens, sixteen is the largest number recorded. It is necessary to 
lay special stress on these points, for when a man has suffered and recovered 
from two attacks, the third is generally fatal. 

Blackwater fever is highly dangerous to pregnant women, daring 
parturition or during the puerperium. Particular care should always 
be taken to guard them from malaria in these circumstances, especially 
in districts in which the subtertian parasite is most prevalent. Their blood 
should be frequently examined and they should take prophylactic courses 
of paludrine or atobrin from time to time. Thomas and Miller relate a re- 
markable case of blackwater during pregnancy at the thirtieth week with 
delivery of a dead foetus in the middle of the attack. The patient’s life 
was saved by repeated blood and drip transfusions, and the case was still 
further complicated by a severe attack of Bad. coli pyelitis. Foy and 
Kondi have examined a premature foetus born of a woman who died of 
blackwater fever. No trace of methaemoglohin, malaria parasites, or 
pigment was found in the blood, though the maternal placental spaces 
were crowded with schizonts of P. falciparum. 

Sequelae. — Anaemia and debility are the common sequels of a blackwater- 
fever attack, but usually, under hygienic conditions, the recovery is 
astoundingly rapid. A curious sequel is cholelithiasis, owing to the 
formation of pigmented biliary calculi from inspissation of bile in the gall- 
bladder. K. D. Fairley originally drew attention to this phenomenon 
in a case in Australia, and the Editor has since seen two cases in which this 
was noted three weeks after the cessation of blackwater, and pigmented 
calculi were demonstrated at operation. 

Generally the haemolysis of blackwater destroys all the parasites cir- 
culating in the blood, but occasionally some may escape and produce 
attacks of fever during convalescence. Exceptionally they may be found 
in the bloodstream during the blackwater attack and then are apt to 
coincide with recrudescence of haemolysis. 

The urine. — If the characteristic dark-brown, generally acid, urine of a 
haemoglohinuric case be stood for some time in a urine glass, it will separate 
into two well-marked layers ; an upper of a clear, though very dark, 
port-wine tint, and a lower — perhaps amounting to one-half or one-third 
of the entire bulk — of a somewhat brownish-grey sediment in which an 
enormous number of hyaline and hsemoglobin tube-casts are found, 
together with a large quantity of brownish granular material. Epithelium 
is also found. Blood-corpuscles may be entirely absent, or few. With 
the haemoglobin there is also an escape of the serum albumin of the blood, 
for the urine, in many oases, turns almost solid on boiling. The pre- 
cipitated albumin carries down with it, as it subsides, the dissolved and 
suspended haemoglobin, leaving a pale-yellow supernatant urine. For 
some days after the urine has regained a normal appearance it will still 
contain albumin, though in gradually diminishing amount. Spectroscopic 
examination gives the characteristic hands of oxyhsemoglobin, as well as 
those of meth£emoglobin. The appearance of oxyhsemoglobin is usual in 
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very severe or fatal cases, nietliaoiiiocjlobin in ilio less sovuro or mild, in 
which the prognosis is more favourable. After tlio disappearance of tlie 
blood-pigments, urobilinogen may be dGmonstrated in pathological 
amounts and sometimes bilirubin. 

Eye complications. — Haemorrhages into tlio tetina somotiiuos occur 
during the course of blackwater, and the Editor has seen one case of 
altitudinal heinianopia where there was total blinduoss in the lower half (jf 
the visual field. 

Diagnosis. — The history of the patient, tdie attcMKbuil rigor, ih(^ 
hsemolytic icterus and hiemoglobiuuria usually suliico. 

Difereiitial diagnosis lias to be made from paroxysmal hainioglobimiria, 
bilious remittent sub tertian malaria, siiako-poisoniiig, favisui, yellow lever 
and leptospirosis. If it be borne in mind tliat rigor, luenioglobinuria, 
icterus and pyrexia are all in evidence at tlu^ outset in blackwater and 
that it is acquired only in certain hyperondoniio malarious ceilings, an 
error in diagnosis is impossible. 

Treatment. — Patients who are suffering from or are thnnitiMied with 
haemoglobinuria, who are in ilie p^e-hlackwater stale (p. (If)), or who have 
had this disease before should, on the slightest indication of fever, go to 
bed at once, keep the sldn warm and scriipulonsly prol.uct(Ml from draughts, 
and take plenty of warm fluid. If parasites are pres('nt in t.lu) blood 
(usually P./aZci^>awa, though there may bo Huperinf<K‘.ti()!i with P. vimx, 
P. malarice or P. ovale) ^ the patient should be troated with full doses of 
paludrine or chloroquino. Patients throatoiu'd wiili bhudavatc'r fi'vtM’ 
should not travel; should it become iuiporalivt' fivr any n^asoii Id move 
them, an injection of morphia should be given, or thc^ inay bo kept inuhu* 
slight chloroform aiisesthesia during the worst pfirt of iho jommoy. Iiijca*- 
tions of sodium luminal {phenobarbitanum solubilo J3.P., 10 gr., and a 
further 5 gr. two hours later) are said to keep patit‘ui-s quiet for two days. 
Glucose, in large quantities by mouth arid intravonously in 5 ]mv centi. 
solution, is indicated, as it has been shown by Kuho and Kondo that it may 
prevent haemolysis of red corpuscles. It has liitherto boon held tJiat 
suppression of urine is less likely to take place whim the urim> is alkaline, 
that therefore massive doses of sodium citrate and bicarbonate aro indi- 
cated, but Maegraith and others insist, on physiological grounds, that such 
intensive alkali treatment may be dangerous and at k>ast should bo con- 
trolled by estimation of the alkali reserve. In roasonablo doses (20-80 gr. 
in 24 hours), these salts may produce diuresis, but amlom is very un- 
common. 

Replacement of fluid and salt is necessary, lioth may be lost by the 
patient by vomiting, diarrhoea or sweating. As far as possible fluid intake 
should be estimated and balanced against output, but it is a serious mistake 
to push fluids too vigorously. Should vomiting and coma prevent fluids 
being taken by the mouth, intravenous injections of physiological saline 
by the drip method are indicated. In coma or in convulsions drip trans- 
fusion with 5 per cent, glucose in saline should be given, but large quantities 

eight or more pints may be necessary. Marked restlessness should be 
controlled by injections of morphia. 
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In threatened anuria hot fomentations may be applied to the loins and 
high rectal lavage with hot water appear to exert a diuretic effect. 
Physiological saline solution 6-8 ozs. at 100° F. should be injected into 
the rectum at intervals of half an hour. 

Lavage of the kidney pelvis by ureteric catheters has been practised by 
Ross in Southern Rhodesia with success. After inserting the catheter 
4 ml. of warm sterile saline were injected by means of a syringe and 
repeated withdrawals effected twelve times. 

Blood transfusions . — If the red cell count is one and a half millions or 
less, or the carriage of oxygen to the vital tissues is reduced, transfusions 
are absolutely necessary. As citrated blood is liable to give severe reactions, 
injection of concentrated red cells is the best method, if facilities are 
available. It is most necessary, on account of autoagglutination, to 
perform cross-maicliing of the donor’s corpuscles with the ’'patient’s serum 
and vice versa. Repeated transfusions can be employed and as much as 
500 ml. given on each occasion. There is no evidence that it arrests 
hceinolysis, but it is distinctly a life-saving measure. Wherever possible 
the drip transfusion method should be adopted. With replacement of 
active-functioning cells urinary excretion is often re-established and the 
blood urea falls to normal levels. As the excretion of ascorbic acid is 
increased in subtertian malaria and blackwater, this vitamin should be 
supplied in full doses during the convalescent stages. Potent proteolysed 
liver extracts by injection certainly help to restore haemopoiesis and possibly 
folic acid (folvite) may also be useful. Linley-Adams (1953) has reported 
in one ciitical case the favourable action of cortisone (150 mgm.) by 
intramuscular injection. 

It is advisable to give paludrine throughout the blackwater attack 
with the idea of preventing any possible relapse of malaria and to forestall 
any further haemolysis.^ There may be, moreover, a superadded 
infection with P. vivax, P. ovale or P. malarioe, and cases are recorded in 
which one or other of those parasites have been demonstrated in the 
blood during convalescence. They should be regarded as concomitants, 
not as the excitmg cause of blackwater. 

Nursing is most important in the management of blackwater fever. 
If the stomach will retain food, this should be given in a bland and fluid 
form, but there should be no attempt at forcible feeding, especially with 
rich and indigestible viands. One precaution against syncope must be 
sedulously enforced : the patient must not be allowed to sit up, much 
less to get out of bed, until food has been retained and assimilated, and 
the risk of sudden death has passed. The foot of the bed should be raised 
on blocks. 

Usually a severe attack of blackwater fever extirpates the associated 
malaria infection ; but this is not always so, and a relapse of fever with 
parasitsemia is by no means uncommon. To guard against it, an after- 
course of atebrin or paludrine treatment is always advisable. 

If possible, the subject of blackwater fever should quit the endemic 
area, and never return to it or to any malarial locality ; a severe attack, 

J PlasinoquiTio(paiimqume), p. 87, isliablo to provoke blackwateriii acute subtortian malaria and tUcrofore 
fcUould not be used. 
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or a second attack, implying special susceptibility, should bo regarded as 
a definite indication to leave the area. It should bo reiueuiborod that 
blackwater patients are specially liable tiO rtdinal hannorrhage and may 
also develop pigmented gallstones. In their onfeidded state they are also 
hable to secondary infections, such as pneumonia, stropt()CO(‘,cal septicieniia 
and cardiac irregularities. A third attack is oftini fatal, tliough there are 
exceptional instances of seasoned individuals in West Africa who have 
survived as many as ten. 

Mortality of blackwater. — This varies greatly in the suuio and 
in different places, and under the same treainiont. Some crises are so 
mild and transient, amounting, perhaps, to a single omission of hreuioglo- 
binous urine, with little or no fever, that they are unattended with risk ; 
on the other hand, a practitioner may encounter a run of severe cases 
which nearly all die. According to modern teacliing the chanct^s of survival 
depend upon the number of nephrons in th(^ kidney which havc^ i^scaped 
destruction as the result of renal anoxia. Some old n^sidents in Africa 
have passed through ton or more attacks with inipunii.y. In Houthern 
Nigeria and in Algeria tho case-mortality has beim as high as 50 p(‘r cent., 
bnt, as a general average, it may l)e put down as about 25 per emit. 

Prophylaxis. — The prophylaxis of l)lackwal,(u- fewer is obviously 
identical with that of malaria. 

Findlay (1949) has put this shortly as follows: from .1041-1945 in 
military personnel in W. Africa there tos inci’iMised eltichuicy in malaria 
control. The number of malaria cases and the incidtmeo of blackwal-er 
fever per 1,000 cases were: 1941, 5,820 (6-7G); 1042, H,H84 (11-54); 194B, 
4,489 (8*68); 1944,2,319 (0-85); 1945,568(0). In March, 1948, mepacrino 
(atebrin) was substituted for quinine as a supimessivo. Thorc^afltir tln^re 
were only 19 cases of blackwater fever in Europeans. It was coucludeul 
that mepacrine protected the European against blackwater fever during 
1944r-1945. 

Other sequelae of malaria, — The tmn malarial cachexia is applied to 
a group of conditions, more or less chronic, believed to be the result of an 
antecedent attack of severe, malarial fever, or of a succossion of such 
attacks, or of prolonged exposure to malarial influences. 

The leading symptoms are those of anaemia, characterized by pocnliar 
sallowness of the skin, yellow sclerotics, enlargement of the spleen and, 
it may be, of the liver. As a rule, the subjects of cachexia aro liable to 
frequent and irregular attacks of fever, though in highly malarious 
countries it is not unusual to see cases in which fever has never been a 
feature, or it may have been very mild. In such countries a large pro- 
portion of the population have enormously enlarged spleens, causing great 
protrusion of the abdomen, together with much emaciation and dry, rough 
skins. It is said that in some intensely malarial countries children are 
occasionally born with enlarged spleens ; in some instances they are 
infected through the mother in utero, hut it is probable that in most cases 
they become inoculated with parasites immediately after birth. 

In the young the general ^owth of the body is stunted, and puberty 
retarded. Abortion and sterility are common effects of malarial cachexia 
in adults. 
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Cardiac changes in malaria . — Choked capillaries cause injury to 
endothelium and absorption of malaria toxins with malnutrition of muscular 
tissue and multiple small necroses. Permanent injury may ensue, and 
the electrocardiogram may disclose dilatation, extrasystoles and irregular 
action of the auricles. 

The spleen may become so enlarged under repeated attacks of the congestion 
attending a succession of fever fits, or in consequence of a less active and perhaps 
feverless haemolysis, that it may come to weigh many pounds, and occupy 
a large part of the abdominal cavity. 

Estimation of malarial prevalence. — The relative absence or 
prevalence of these enlarged spleens or “ ague cakes ” in the native 
population is a rough indication of the malarial risk in any particular 
district. Wherever they are common the district is malarious, and theni- 
fore unhealthy, perhaps to Europeans deadly, and should be looked upon 
as extremely unfavourable for camping or residential purposes. 

Another practical point is that these enlarged spleens are easily ruptured 
by a blow on the belly ; thus fact must he remembered in administering 
even mild corporal punishment to natives of malarious countries. Splenic 
ruptures are, of course, generally fatal, unless immediately operated on. 
Occasionally, the spleen may rupture spontaneously, owing to rapid 
increase in size in the course of an attack of fever ; but splenectomy does 
not necessarily eradicate the malarial infection. 

Six cases of ruptured spleen were operated upon in the recent East African 
campaign. After splenectomy, intravenous transfusion of blood from the 
peritoneal cavity is an easy and efficacious treatment. The blood is collected, 
strained through sterile gauze, citrated and given in the usual manner (Erasmus). 

Splenic rate or index . — In estimating the amount of malaria in a com- 
munity the splenic index has been found to be most reliable. Children 
between the ages of two and ten form the only safe guide (Stephens and 
Christophers), for among the inhabitants of a very malarious country 
the adults are more or less immune and their spleens are diminished in 
proportion. The infantile spleen rate per cent, is the basis of the endemic 
malariousness of a locality, though it is necessary to guard against a 
tendency to over-estimate its value. Barber, in the Philippines, working 
with children 5-10 years of age, obtained a splenic index of 18*3 and a 
parasite index of 11. 

It is difficult by any known method to detect changes in the spleen unless they 
are of some magnitude. Some authorities consider that a spleen must be twice 
its normal size before it can he felt. The degree of splenic enlargement may he 
measured with the child standing up or lying down. Considerable differences in 
the results obtained are given by the two methods, higher values being obtained 
in the recumbent position. In India and in the tropics generally, where gross 
degrees of enlargement are commonly encountered, the standing position is nearly 
always used. The best method is for the child to be drawn gently across the 
observer’s knee, the hand being inserted beneath the scanty clothing and pressed 
against the costal margin whUe the child is told to take a deep breath. The 
degree of splenic enlargement is usually classified in finger-breadths below the 
costal margin. Obviously this method is liable to fallacies. The distance from 
the costal arch to the pubes is very different in an infant of two years and a child of 
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Fiji:. 6.— Schiiffner’s method of deter- 
mining degree of splenic enlargement. 

(a) denotes the upper limit along the 
left costal margin; (6) a line drawn 
at right angles through the Up of the 
spleen and the umbilicus. 

ten. Christophers devised a method by applying to the actual inoasurenuint 
(costal margin to apex of enlarged spleen) a oorrccjtion based upon the uif)pkv 
umbilious length of the child. 

In the average Indian child of six years of age the four-finger spleen rcaclu'S 
to the level of the umbilicus. In malaria surveys, the following elasHifioation is 
generally adopted : 

Spleen-rate greater than 50 per cent. = Hyporondoinic. 

Spleen-rate 25 per cent, to 50 per cent. = Highly ondoinio. 

Spleen-rate 10 per cent, to 25 per cent. ~ Moderately endemic. 

Spleen-rate less than 10 per cent. = Healthy. 



Fig. 7.— Method of spleen palpation. [Alter Schotter ; 
Munch. Med. Woohensohr.) 
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The child spleen-rate gi^es the measure of endemicity, the average enlargement 
that of intensity. 

Schiiffner’s method of estimating splenic enlargement has many advocates : 
a line is drawn along the left costal margin and a second at right angles to it 
passing through the apex of the spleen and the umbilicus (Pig. 6). The latter 
is divided into eight sections and the degree of splenic enlargement is assessed 
accordingly. 

Occasionally an enlarged spleen has to be differentiated from an enlarged left 
kidney containing a cj’-st or a hypernephroma ; this has usually a rounded lower 
pole and a smooth round margin. An area of resonance can be elicited on its 
anterior surface, caused by the resonant band of the descending colon. The 
urine contains albumin and casts. Considerable care is sometimes necessary in 
the accurate palpation of the spleen. This is best done by using the radial aspect 
of the right index finger with the patient recumbent on his right side and the 
abdomen relaxed, and the left arm extended (Fig. 7). Most authorities maintain 
that the greatest degree of splenomegaly occurs in P. vivax infections, but that in 
P. falciparum there is a higher proportion of smaller spleens. 

Although the chronic fibrous spleen lemains quiescent and does not 
interfere with general health, yet it may occasionally assume an active 
pathogenic role. Fairley has deserihed a haemolytic hypochromic ansBinia 
associated with postmalarial splenomegaly of the Banti type in which 
splenectomy was followed by a haemolytic megalocytic erythroblastic 
anaemia. 

The 'parasite-rate or indez is a simple percentage figure calculated from 
the number of persons actually showing parasites in the peripheral hlood 
at the time of examination. Figures for children and adults should he 
kept separate, as the spleen-rate falls with age more rapidly than does 
the parasite-rate, which shows how many adults of a community are 
really “ healthy carriers.’* 

The endemic index includes all those who show either parasites or 
splenomegaly. 

The parasite-rate can be obtained from the study of thick as well as 
thin films. Curves prepared from splenic and parasite indices according 
to age run parallel to a remarkable degree. The parasite index as a sign of 
iiifectivity is more reliable up to five years of age, after which to the age 
of twenty -five it is on an average 10 per cent, less reliable than the splenic 
index. 

Wilson and Clark, in a survey of 1,100 Haitian labourers and 2,007 school- 
children between 6 and 14 years of age, found that the parasite rate, determined 
by the thick-film method, was of far greater value in estimating the prevalence of 
malaria than was the splenic index. Of 1 1,000 adults 23’5 per cent, had positive 
blood-films and 3*03 per cent, had palpable spleens :*of 2,007 children, 50-52 per 
cent, had positive blood -films and 3*03 per cent, palpable spleens. 

In many areas malaria transmission varies greatly according to the 
season of the year, mosquitoes usually (but not always) being most prevalent 
during and after the rains. Spleen and parasite rates observed during 
heavy transmission periods are likely to be much higher than at other 
seasons, and, in estimating endemicity, account must be taken of these 
factors. In general, a reliable estimate cannot be made, unless rates are 
taken over at least one year, and even then that particular year may be 
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abiioriual. Where tiuutiuiissiou coni.inues throii^^^Iiout, the ,vear the avorago 
rates are more reliable. 

Liver and gall bladder.— Cliroiiic hepatomegaly is a not infrequent 
sequel of malaria, and hepatic congestion may gradually become more or 
less permanent. Sidcrosifi is produced from chemical changes in the liver 
undergone by hcemodderin. Together with this there may be chronic 
engorgement of the gall-bladder, which predisposes to cholecystitis and 
cholelithiasis. It is small wonder that Avitli such a polycholia piginouied 
calculi are apt to form. For instance Tauthey has recorded 28 cases of 
biliary colie during an attack, and 71 in which biliary attacks occurred 
subsequently. 

Mental changes. — Loss of memory and mental impairnierit are frequent 
sequels of acute subtertian malaria, more especially of tho cerebral forms. 
Schizophrenia has been recorded and also, occasionally, confusional 
insanity. 

Immunity in Malaria 

In the course of malarial infection a certain degree of tolerauco may 
develop. 

In heavily-infected endemic districts, malaria is specially likely to 
appear in small children, and of these a proportion dio early, while others 
acquire a degree of immunity through repeated re-infections. It has 
often been remarked that dark-skinned children with enormous spleens 
and a rich stock of malaria parasites in their blood run about fever-free, 
and apparently robust, bixt they have usually at some time passod through 
a few years of miserable ill-health. As these children grow up, tludi* 
immunity becomes stronger and, after twenty years of ago, they may 
remain quite free from clinical signs, and oven splenic enlargoiuont may 
disappear. 

It is generally accepted that malaria, like otlior protozoal diseases, 
differs from bacterial infections in that the causative parasites do not 
disappear, but remain in the body, where a balance is established between 
the resistance of the organisms and the inherent tendency of the parasites 
to increase. Sergent, Parrot and Donation have coined the term “ pre- 
munition ” to characterize the balance between immunity and re-infection. 
This equilihriwu-tolerance of the parasites by the host should be compared 
with allergic conditions of symptomless latency in tuberculosis and syphilis. 

Taliaferro and his associates have assigned an important rCle to tho 
reticulo-endothelium and a similar condition has been found by Cannon 
and Taliaferro in birds pfected with avian plasmodia. Ziemann and 
others endeavoured to distinguish boiwoen immunity to the iioxins and 
that due to the parasites. In the latter case the organisms disappear 
gradually from the body. 

Taliaferro and Mulligan attribute a considerable r61e to tho macrophage 
cells. The reticular cells of the spleen and hone marrow rapidly become 
converted into the phagocytic phase and may play an essential part in the 
local defence of these organs. 

It is well known that the negro in Afriua, altbough he does get fever, does not 
get it so frequently or so severely as does the European, although tho latter is 
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less exposed to infection. Indeed, malaria in natives is so often asymptomatic 
as to give the impression of quite a different disease. Amongst the Malays 
Schiiffner observed an immunity to malaria parasites, as described by Ziemann. 
Of the yomig children, 38 per cent, were parasite carriers, while in the older 
ones it was as high as 50 per cent. The parasite index in adults was 8-11 per 
cent., and of those examined, 92 per cent, showed enlargement of the spleen. 
Christophers (1924) found the same conditions in India. In most districts in 
the tropics all three classical forms of the malaria parasite occur, and therefore 
immunity may be produced against all three. In an untreated population, it is 
found that among children benign tertian parasites disappear most quickly, 
quartan parasite's next and subtertian persist the longest. This is also the case 
among adults in -whom the ring forms of the latter parasite predominate while 
crescents are very scanty. Thus natural immunity in native populations is the 
result of natural selection, hut each species of malaria parasite appears to be 
composed of different immunological strains. Thus, natives immune to strains 
of P. falciparum of their own districts may be subject to attacks of subtertian 
malaria after moving to other areas as a result of infections with new strains. 

Sinton, who has given considerable attention to this aspect of immunity, 
believes that there are two methods of attack upon the malaria parasite and its 
toxins, viz. (a) cellular, and (5) humoral, and that these two factors are closely 
associated and act in combination. 

The cellular factor is dednitel}^ established in the destruction of malaria 
parasites by macrophage cells. Primarily, the host reacts to the infection by an 
increase in the number of these cells ; later, an active specific phagocytosis comes 
into being. 

That the immunity produced by previous infection with an homologous 
strain of P. vivax is complete has been shown recently by Shortt & Gamham in 
an experimentally produced human infection. It would seem that in such an 
immune individual the E.E. forms in the liver, which result from a fresh and 
overwhelming infection, are engiolfed by invading leucocytes and destroyed to 
such an extent that no fever results. 

The humoral factors are much less certaiu ; in acquired immunity there is 
certainly development of specific antibodies and these are probably produced 
by the macrophage system as the result of stimulation of ingested parasites, 
acting as a specific antigen. The element concerned may bo a lysin, or possibly 
an opsonin. Antitoxic substances are also probably produced, and there is some 
evidence to show that a certain degree of passive immunity can be transferred by 
the injection of serum from an immune subject. Macdonald has even asserted 
that the existence of group immunity makes control in some oases undesirable. 

J. Cl. Thomson estimated that the process of acquiring tolerance to 
malaria demands continuous exposure for about fifteen years. Experi- 
ments by James and others with induced malaria seem to indicate that a 
certain degree of immunity can be acquired through hyper-infection, but 
that tihe immunity is not entirely specific, even for a certain species, but 
only for a certain strain of parasite. Bagster Wilson has suggested that 
in non-immunes the subtertian parasite is monomorphie, characterized by 
minute rings and multiple cell-infection, wliilst in immune persons the 
parasites tend to be larger and polymorphic. 

Considerations such as these explain the sudden and severe outbreaks 
of malaria in endemic districts. Sometimes meteorological causes combine 
to render conditions more favourable for the development of the trans- 
mitting anopheles with consequent increase and spread of the disease, 
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as in the Ceylon epidemic of 1934. Macdonald considers that in the first 
two 5 ^ears of life in hyperendeinic areas, and perhaps for longer periods, in 
places of low endemicifcy, superinfectioii can bo considered as a normal 
happening. 

The maxiinnm adjustment of the parasit.o to its hosii is at.ta,inod when 
the former is able to survive without detriineuii to tin' hitter. This 
state is what is known as fully developed preinunition, the Ix'st. exainplo 
of which is found in piroplasmosis of cattle in U.S.A. 

Again, mass immigration from malaria-free districts may causo an 
outbreak of the disease, as in the Panama Canal, and in tho many out- 
breaks during the 1914-18 war. Subsequently the Greeks repatriated 
from Asia Minor suffered from serious epidemics with a high mortality in 
malarious endemic areas in Greece. Tho widespread malaria i^pidiunic in 
Russia in 1920 could be traced, for the most part, to migrations of a half- 
starved population. 

The question of immunity is very much bound up with tho couiplicatod 
and difficult problem of nutrition. This in turn doponds upon agricultural 
developments and the “ bonification ” of the land. 

DIAGNOSIS OP THE POUR CLINICAL VARlEaUES OP MALARIA 

The recognition of tho various forms of malaria parasite in the poriphoral 
blood entails a knowledge of blood exaraination. Eor the d(itails ot this 
and of the methods of staining blood the reader is roferrod to tlio A])p(mdix, 
p. 1076. Most workers prefer the thick-drop nn^ihod as offering a more 
certain chance of discovering the parasites when sc-auty in the p('riphoral 
blood, but it is by no means such a certain nudhod of distinguishing tho 
species, and requires considerable experience in order to do so. 

Effect of quinine, atebrin and other drugs on microscopical 
diagnosis. — It is of little use to examine the blood for the intracorpuscular 
forms of the malaria parasite after full doses of quinine, atebrin or 
paludrine, as these drugs rapidly bring about the disappearance of this 
phase of the parasite. The crescent, or gametocyte, of the subtortian 
parasite alone is unaffected by quinine or atebrin, and in suitable cases 
may be demonstrated for weeks after the patient is cinchonized ; on the 
other hand, plasmoquine has a selective action {see p. 87). Changes in 
the red blood-corpuscles, such as basophilic stippling, are sometimes of 
assistance, and definite increase of large mononuclear cells above 15 per 
cent, is suggestive. A reticulocyte crisis occurs 4-7 days after the 
exhibition of quinine or atebrin. 

Concentration of parasites in the blood.— Rogers has devised a 
method of concentrating the malaria parasites in thin films. The blood 
is run into capillary tubes. The ends are sealed and they are centrifuged 
at 2,000-8,000 r.p.m. for 20-30 minutes. A scratch is made with glass- 
cutter about J in. above the top of the packed cells. The tube held 
horizontally is broken at this mark. A second cut is made J in. below 
the top of the red-eell layer and the tube broken off at the second mark. 
The blunt end of a Pasteur pipette is heated in a flame and bent into an 
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“ S ” shape, and the capillary tube is dropped into the pipette with serum 
uppermost. The tube is centrifuged and the thinned end of the pipette 
cut off, and with a teat applied to the butt, the blood is blown out on 
to a slide, films made and stained in the ordinary way. 

Goinplement fixation. — This method of ensuring an accurate diagnosis 
in chronic cases was originally suggested by Gordon Thomson and considerable 
attention has been pai d to it . As antigen an emulsion of an organ rich in parasites , 
as well as artificial cultures of plasmodia, ha^e been employed. 

Coggeshah (1941) described his special method with an antigen prepared 
from red cells infected with Plxismodium knmvlesi. This reaction is uninfluenced 
by the presence of luetic complement-fixing antibodies in induced therapeutic 
malaria. The test becomes positive about the second week and persists for some 
five months. Experimental studies suggest that this test may have considerable 
merit in P. vivax and P. falciparum infections. The parasitized red cells are 
washed free from serum and preserved by freezing and dr 3 nng. The stored antigen 
is rehydrated and diluted 1 : 100 in normal saline. The supernatant fluid is used. 
The tests are carried out as for the standard Wassermann reaction. Dulaney, 
Stratman-Thomas and Warr (1942) found that 81-6 per cent, of malaria sera 
gave a positive reaction. Dulaney (1945) finds this method by far the most 
sensitive method of assessing clinical cure. 

Wassermaim reaction. — About 28 per cent, of malarial bloods in the acute 
stages of malaria, when parasites are plentiful in the peripheral hlood, give a 
positive Wassermann reaction ; but this is not so in either the chronic or quiescent 
stages. This fact has to be borne in mind in excluding syphilis in a malaria- 
infected subject. 

Saunders and Turner (1936) believed that these results are not specific, but 
that malaria in the acute stage gives rise to anti-complementary reactions. The 
latest work by Kitchen, Webb and Kupper supports this view. They inoculated 
30 persona with P. vivax and P. falciparum, and tested the hlood at intervals with 
the Wassermann and Kahn reactions. They obtained positive tests in every 
case in w'hich malaria developed clinicaDy ; 72 per cent, of positive reactions 
appeared during the third and fourth weeks after inoculation of malaria, and 
these remained positive for more than three weeks in 60 per cent. The highest 
percentage of positives occurred from fifteen to twenty-one days after the last 
paroxysm. 

Try tested 246 malaria patients, the hlood being taken when the temperature 
was normal : 11-78 per cent, gave a positive Wassermann reaction. Of 97 with 
subtertian malaria, 8*2 per cent. ; of 110 with benign tertian, 11*8 per cent. ; of 
39 with quartan malaria, 20-5 per cent, were positive. Potter (1946) found in 
case of P. vivax that all serum reactions returned to normal within 30 days. 

Henry’s sero-flocculation test (M.S.B.).— From examination of two pig- 
ments derived from hsemoglohin — hsemosiderin and haemozoin — it was considered 
probable that they would produce in the blood antibodies of diagnostic importance 
for a flocculation test. Accordingly the fei-ro-flocculation and melano -floccula- 
tion tests were elaborated by employing melanin from ox-eyes. It has, however, 
become increasingly clear, as has already been suggested, that this reaction 
is non-specific and depends upon an increase of the euglobulin in the serum and 
diminution of cholesterin serum-albumin (Benhamou and Gille). Zipf finds that 
the malaria-serum reaction is simply a sensitive index of liability in distilled 
water of malaria serum. The M.S.K. is rather an indication of the behaviour of 
the body defence mechanism than as an index of diagnosis. 

An intradermal test with antigen made from P. galliriaceum is clamed by 
Makari to give satisfactory results. 
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Diagnosis by sternal puncture. —Schrelzotuiiiiyr (IJ)39) c-laimod 
sternal puncture is a simple procedure, and that it should bo adopted as a routine 
diagnostic measure; he found parasites by this method in 19 cases although 
blood fil ms were negati’ve. Aitkcn, RiUinball and others (104-3) have', used this 
method during the recent war. They valuable in atypical ca-sc's, whore 

routine examination of the peripheral blood was negative, especially in subtertian 
infections. A sternal puncture needle is unnecessary, and a stout triiiic^atod 
lumbar puncture needle can be used. It is inserted vertically through the eontre 
of the sternum at the level of the second intercostal spac^c and pressed hnnly 
through the cortex. Ecsistance decreases when the marrow is entered. Thick 
drop preparations can be made, and the fluid contains more parasites than the 
peripheral blood. Of 294 cases of obscure illness, 26() were diagnosed by blood 
films, the remaining 38 by sternal puncture. Many of the latter had prc'vionsly 
been treated as sandfly fever or neurasthenia. 

Diagnosis by splenic puncture.— Sploon piuichiro may occusionally 
be used as a method of diagnosis, (^specially in chronic anil rola])Kiiig 
cases due f.o P. vivax. In films, malaria pigment, froi^ and I'lidocorpiiscmlar, 
and remains of malaria parasites may he obscrviul, hut Foy and Kondi in 
Macedonia found this method very disappohiiing. 

Diagnosis of malaria by the therapeutic action of drugs. 

It is unfortunately true that, where malaria e.\istw, any case of kwor is 
diagnosed as malaria, and the practitioner may be called in only when a 
considerable amount of quinine or other ant-inialarials had hivni iUikmi 
and has failed to achieve the desired result. Unfoiiunati'ly, loo, ji good 
many practitioners are in the habit of ridyiug unduly ujion iiio theraixnii.ic 
action of these drugs without verifying ihoir diagnosis by niierosco])ic. 
exainiiiatiou. 

Diagnosis from clinical signs.— The most important (dinical sign 
is periodicity of the fever, whidi occurs in its most tyjiieal form in ihii 
tertian and quartan infections ; in the subti^rtian, liowovcr, fovin* may 
be most ii-regular, or there may be no pyrexia at all. 

Enlargement of the spleen is a common clinical sign in all forms of 
malaria. In old-standing infections it may bo very largo indeed, and 
occupy the greater part of the abdominal cavity, but in early, and it may 
be very severe, cases it may not be sensibly enlarged at all, and therefore 
fails entirely as a clinical guide ; usually, however, in the absonco of 
splenic enlargement, splenic jjam is present during the attack. Moreover, 
the patient may be suffering from some totally different disease, anti iho 
palpable spleen may be the result of a long-standing malaria infoe tiou. 
quite unconnected with the attack in question. 

To the clinician accustomed to many cases, the general ajipoaranco of 
malaria patients, the bright glistening eye, set in rather a dusky orbit, 
contrasted with the pale and ochreous complexion, combine to create an 
almost diagnostic appearance. Amber coloured urine due i.o excessive 
nrobilinuria, especially in subtertian malaria, and even in tlxo absenco of 
parasites in the peripheral blood, may be suggestive. 

Diagnosis by the history. — Sudden fever in a previously healthy 
person who has recently arrived from a malarious country usually turns 
out to be malaria. The patient will generally give a Instory of similar 
attacks while resident abroad, but there are exceptions to this rule, for, 
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occasiunally, resident a of tropical countries may develop their first attack 
of malaria shortly after arriving in a cold climate, and this attack, aggra- 
vated hy the conditions, may run a very severe course ; this is especially 
the case with recent arrivals from the West Coast of Africa, and it is true 
for both benign tertian and subtertian infections, the parasite lying 
dormant in the blood-stream, perhaps as long as eight months ; in the 
benign form a year or more. 

An actual description of the febrile attack itself may be suggestive. 
The rapid rise of temperature, the history of the cold, the hot, and the 
sweating stages, the rapid defervescence of the fever, and the subsequent 
sense of well-being, are more characteristic of a malarial attack than of 
any other febrile disease. At times periodicity is a trustworthy enough 
clinical test. Tertian and quartan •periodmiy usually occur only in malarial 
disease, but have been seen in vieuingococcal septiccemia, 

DirPERENTIAL DIAGNOSIS OF MaLAIUA AND OF BlaCKWATBR FeVER 

The differential diagnosis of malaria entails a knowledge of all fevers, 
both tropical and non-tropical. In hepatic abscess, although the liver is 
enlarged, the spleen is not necessarily so, and the fever occurs generally, 
though not invariably, in the late afternoon or evening. 

In bilious remittent malaria the icteric tinting of the skin is an early 
feature ; albuminuria is not so common or so marked as in yellow fever. 

Without the microscope it is sometimes impossible to differentiate 
typhoid types of malarial fever from enteric in the early stages. 

The following, also, are often mistaken for malarial fever: cerebro -spinal 
meningitis ; fever of urinary origin (sometimes renal calculus) ; the fever 
attending the passage of gall-stones, or inflammation of the gall-bladder ; that 
associated with pyelitis and surgical kidney ; perineal abscess ; lymphangitis, 
particularly that form associated with elephantiasis and other filarial diseases ; 
undiilant fever ; relapsing fever ; trypanosomiasis ; kala-azar ; the fever 
associated with tuberculous disease, with ulcerative endocarditis, with some 
types of pernicious anaemia, with splenic leucocythsemia, with visceral syphilis, 
with pulmonary carcinoma, with rapidly growing sarcoma, with forms of hysteria, 
and with many obscure and ill-defined conditions. 

Primary atypical pneumonia in its initial stages may resemble a malarial attack, 
and its recognition gave rise to difficulties in the Middle East campaign. Camp- 
bell (1 9^3) described two clinical groups. The first consisted of patients who had 
both malaria and pneumonia, the second of those admitted with malaria who later 
developed pneumonia. The routine use of X-rays is indispensable ; it reveals 
the typical mottling of the lung bases. 

Priest, Kilham, Javett and Sacks found that meningococcal septicaemia may 
produce tertian, or even quartan, periodicity somewhat resembling that of the 
corresponding forms of malaria. The Editor (1941) diagnosed one such patient, 
with recurrent attacks of fever, who had been regarded and treated as malaria 
for nearly one year. Splenic pain may also be present. Erythema nodosum is 
sometimes seen. 

Differential diagnosis of special forms of subtertian malaria. — There 
is a natural tendency for medical men, unacquainted with the clinical forms of 
sub tertian malaria, to diagnose its various symptoms as manifestations of some 
other disease. Even surgical conditions, such, for example, as appendicitis, 
intestinal obstruction, or other acute abdominal disorders calling for urgent 
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operative interference, may be suspected. The following stateinent is based 
upon actual diagnoses which have been made on clinical grounds alone, without 
the confirmation of a microscopic examination, but which subsequently proved 
to be cases of subtertiaii malaria : 

(a) Cerebral forms of subtertian malaria are apt to he mistaken for heatstroke, 

mental derangement, hysteria, alcoholism, a])haHia, convulsions, epilepsy, 
cerebro-spinal meningitis, or plague. 

(b) Abdominal forms for dysentery, both amoebic! and hiKullaiy, cholera, 

intestinal obstruction, appendicitis, biliary colic, cholecystitis, 
hjemorrhagio pancreatitis, or liver abscess. Malarial appendicitis can be 
distinguished on clinical grounds by overcoming the Tnuscular defence 
by patient palpation, from the subsequent passage of fiooos and Hatus, 
the dicrotic, full pulse, Hushed facies, and the rapid fall in tcinperaturo 
after a profuse sweat. 

(c) Pulmonary for?ns—i.e,, malarial pyrexia with pulmonary congc^stion and 

myocarditis— for bronchitis, pneumonia, and pleurisy, especially on the 
left side (due to congestion of spleen), disordered action of the lioart or 
valvular disease. 

(£?) Those with cutaneous peteckioB for measles, endocarditis, or purpura. 

(e) Febrile cases with remittent p3rrexia for influenza, rheumatic! fever, enteric, 
phlebotomus fever, trench fever, paratyphoid, or relapsing fever. 

(/) Icteric cases for yellow fever, Weil’s disease (leptospirosis) or infective 
hepatitis. 

(y) Cachectic cases for acute nephritis, pernicious atuemia, s])leno-inodu]lary 
leucocythjemia, debility, or pulmonary tuberculosis. 

(A) QJJdematous forms, exceptional cases with gon(!ral auasart*a, ascites and 
polyuria, may bo mistaken for beriberi. 

The lesson to be learned from this statement is tho overwhohning importance 
of blood examination in all cases of fever in malarial countries or in patients who 
have lived in those countries, no matter how closely tho elinicuil condition 
simulates other diseases. The finding of malaria pamaitos, however, does not 
rule out the co-existence of other diseases, and acute judgment is noedod in tho 
evaluation of signs and symptoms. 

Differential diagnosis of blackwater fever.— Tho disoasos with which 
naight he confounded are — (1) paroxysmal hsemoglobinuria ; 
(2) omous remittent malaria ; (3) yellow fever ; (4) leptospirosis ; (5) favism. 
11 it be borne in mind that rigor, haemoglobinuria and pyrexia are all in ovidonco 
at the outset in blackwater fover, and also that blaokwator fever is aciquired 
only in certain countries, an error in diagnosis is improbable. 

PROGNOSIS OP MILARIA 

As a general rule, malaria is a much more serious disease in children 
than in adults. It is a serious disease in tho weakly, especially in those 
wju^e ^constitutions are undermined by any intercurrent disease, such as 
phthisis or dysentery. It may lead to abortion in pregnant women, and 
this possibility must al'ways be considered. 

TEEATMEiy OE MALAEIA. 

(Benign Teetian, Quaetan, 1)tai,b Teetian and Subtbkiian) 

General management of a case of malaria. — ^Bvery case of malaria 
with tever should be nursed in bed and treated seriously, for severe symp- 
tohoB may develop at any moment ; he should remain confined to bed tfil 
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he has been afebrile for 48 hours. The room should be darkened to 
mitigate the photophobia ; a sports shade or eyeshade serves this 
purpose very well. 

Special attention should be paid to clothing ; the patient’s feet must 
be kept warm with bed-socks, and after the stage of perspiration the 
bedclothes should be changed. Attention to the food is also necessary. 
During the acute stages it is best to give plenty of water and lemonade 
to drink, while the food itself should be fluid and easily digestible. Daring 
the convalescent stages, if the patient has an appetite, full diet should be 
substituted, and there is no point in denying to patients who are used to it a 
strictly moderate amount of alcohol; beer and stout in moderation are useful. 

Eor three hundred years it has been almost universally believed that in 
quinine medical science possessed a unique and specific remedy for this 
fever — a remedy unrivalled throughout the whole range of medicine in its 
potency and efects ; but during the last twenty years, synthetic specific 
remedies — atebrin, paludrine, plasmoquine, chloroquine and daraprim 
have been synthesized. 

Antinialarial drugs fall into 6 groups — 

(1) Cinchona alkaloids, including quinine. 

(2) 4-aminoquinolmes, including chloroquine, sontochin, camoquine. 

(3) S-aminoquinolines, including pamaquin, pentaquine, isopentaquine 
and primaquine. 

(4) Diguanides, which includes proguanil. 

(5) Acridines, which includes mepacrine. 

(6) Pyrimidines, or daraprim (pyrimethamine). 

The Germans followed the idea that methylene blue might produce an 
effective drug, because it enters the malaria parasite by staining it. They 
introduced basic side chains of various kinds into the quinoliue nucleus 
and synthesized pamaquin (plasmoquine). Eoehl showed its action on 
blood-forms of P. relictum in canaries, and now it has been proved that it 
has an action on exo-erythrocytic forms. As this drug proved toxic to 
humans they put side-chains which they evolved into other heterocyclic 
nuclei and finally produced mepacrine (atebrin). When the right hand link 
of atebrin is removed a quinoline compound -with a side chain, still opposite 
the nitrogen, results and this is chloroquine. Next sontochin with an 
extra CHg group was prepared. 

Proguanil (paludrine) is a completely new type. 

Toxicity. — The toxic effects of these groups of drugs are dealt with 
under each heading, but it should be remarked that with the 8-amino- 
quinoliries the margin between effective and toxic doses is relatively small. 
The commoner side-effects are abdominal pain, discomfort and oynosis, but 
tbe most dangerous (especially in coloured races) is haemolytic anaemia. 

Of all the antimalarial drugs proguanil (paludrine) has the widest range 
between effective doses and those producing side-effects. 

I. Quinine 

Quinine is an alkaloid isolated from the bark of the cinchona tree, 
originally a native of South America, hut now cultivated in Eastern 
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couii trios, ospociiilly Avliori* tJio most prolitii* xiiuoiiy, t * 

has been Recently this drup; lias heo'n success Fully syiitlu^sizod 

by Woodward and Doering in America. 'Hiert' nuui.y salts of quinine, 
though at present most are merely of historic intiirost. 

taken liy the nmuth cinchona alkaloids aro rapidly luid coinplidely 
absorbed from the intestinal tract, hut thi^ plasma conciuit, ration falls 
rapidly after cessation of adiiiinistraiion. After oral or intravenous 
administration this drug is found in considerahlo amounts in ihi^ pancreas, 
liver, spleen, lung and kidney. Solutions of quiuini' diuuvase iu anti- 
malarial activity when expos(‘d t-o ult.raviolid. lightu 

Quinine hydioiMoride^ is fairly soluble and is thi^ form most usually 
dispensed. The sulphale is clu^aper, tlioiigb abnost insolubh^ in water. 
Sugar-coated pills are ettectivi' and are (uisy to swallow. d\) dissolves the 
sulphate 10 minims of acid, sulph. dib, or acid, pliosph. dil., should 
added to every 10 gr. of quinine snlphah^ 

To disguise the bitter taste the addition of Hyinip of (M*ango or glyeorine in 
useful, or when dissolved in milk ; a spoeial preparation is Jm'quin ((V)W and 
Grate, Ltd.) in powder form, containing quinine ethyl (*arbouate, 21 gr. to tlu‘ 
teaspoonful, which is suitable for cliildren. 

OtJier forms of quinine. — Etoquinine, or the (dliyl luirboual.e, has the 
advantage of being tasteless as it is practically insoliiblo uml is specially 
suitable for children. Quinine alkaloid, though almost ius()hihk>, aqipoars to 
be absorbed from the intestinal tract. 

Pive diferent alkaloids are known from the cinchona bark, but of these 
quinidine and cincJionme alone have any aedion on malariu, (^spiHually 
benign tertian and quartan. 

Dosage of quinine. — The maxiinum dose for tlu^ adult Ruropt'an is 
about 30 gr. (2 grm.) daily. Larger ones than tlu^si^ toxic and, as 
frequently proved, not more efticacious. 

Tor children the dose is one-twentieth of that of thci adult for oatdi yt*av of agt‘. 
A child of five should receive one- quarter of the adult dosage, whilst to those 
above fifteen the adult dosage may bo given. 

Quinine in qiregmncy .—Li is a popular litdief, that exet^ssivo, ahuosi. 
poisonous, amounts are necessary to bring about abortion. ludotul it may 
be truly said that a pregnant woman nm mom risk of mismrriage and 
detriment to heallli from repeated adtach of femr than from reasonabk 
quinine therapy. In small prophylactic doses it does not interfort^ with 
menstruation, conception or pregnancy, though some think that the f<ctus 
may be affected. In the puerperal state, which oft.im has thi^ (^ff(‘ct of 
stirring up anew a latent malarial infection, a dose should taken 
occasionally. 

Eoccretion ofquimne.—li has been shown that quinine is excreted in the same 
inanner by whichever route it is administered. It appears in the urine within 
15 minutes and one-quarter of the total is excreted by this route, and the highest 
concentration is 7-11 gr. quinine base per litre. Large amounts are excreted 
in the faeces. This holds good only for the tannate or carbonate, not for hydro- 
chloride, hydrobromide, hisulphate, sulphate or even for the insoluble ethyl 
carbonate. 

'Quinine iyetoeWoridft bas a pE of e'5 ; tlie dihydrocbloride 3*5. Contrary to what is usuallv stattnl 
Pa»-flnteral Injacticn and is indeed less painful than the aitiyUreoliloriae. 
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The Tanni^ reaction in the urine has given important indications in the 
treatment of subtertian malaria (Howie and Murray-Lyon, 1943), especially 
regarding absorption of quinine. The majority give positive reactions between 
one and five hours after the exhibition of quinine. In some the reaction may 
remain negative until intravenous quinine has been given. A most practical 
method of ascertaining whether quinine is being absorbed consists of coating 
quinine pills with methylene blue, which discolours the urine green. 

Quinine, in prophylactic doses, is excreted in the milk of nursing mothers, as 
can be demonstrated by a modification of the Tanret method. Excretion 
commences in fifteen minutes and is completed within one hour. 

It has been suggested that quinine therapy is aided by the addition of 
alkalis, but this is no longer regarded as important. 

In naturally acquired malaria, especially benign tertian, continuous 
and prolonged quinine therapy may be of little benefit in preventing 
relapses. Therapeutic or malaria induced by blood -inoculation appears to 
be extraordinarily amenable to quinine treatment. 

CinchoiwL febrifvge (30 gr. daily) contains all the alkaloid of cbinchona {C. 
svLCCATuhra) bark and gives much the same effect as quinine (Fletcher concluded 
that in. 20 gr. daily the four alkaloids — quinine, quinidine, cinchonine and 
cinchonidine — appear to be of equal value in controlling benign tertian malaria, 
but that quinidine sulphate is of special value in quartan fever). 

J ava febrifuge contains 11 *5 per cent, of quinine and a small percentage (5 per 
cent.) of quinidine. In India Cinchona febrifuge is issued in 3 gr. tablets and 
is widely used in that country as a substitute for quinine on account of its 
cheapness. It is also prescribed in lO-gr. doses together with citric acid and 
magnesium sulphate. ■ 

Quinetam is a preparation con.sisting of quinine, cinchonidine and cinchonine 
in equal parts, 

Totaquina is another preparation standardized to contain not less than 70 per 
cent, of crystalline alkaloids of which 15 per cent, is quinine. Two types are 
dispensed in India. Type I consists of chiefly quinine and cinchonidine; in 
Tyq)e II the chief alkaloid is cinchonine. 

Quinine is best given to patients in the sweating stage and its action is enhanced 
by simultaneous aspirin and aided by copious drafts of lemonade or water. 

Action of quinine on malaria parasites is by no means clear, and it is not 
known whether it is direct or indirect. It appears to act on the merozoites rather 
than on the trophozoites, by the fact that it exerts the greatest effect an hour 
before the malarial rigor. The fact that malaria parasites, on addition of quinine- 
saline solution of 1 : 10,000 for 12 hours, are still capable of producing infection 
in volunteers when injected provides strong evidence against the belief in direct 
action. Probably, as Shute has shown, various strains of malaria parasites 
exist in the same species and this explains the varied response, especially in 
benign tertian. The distribution of quinine in the body has been the object of 
much research and some think that it is stored in the liver, but in monkey- 
malaria, Nauck and Malamos have shown that the action is not interfered with 
when the main protective organ (the spleen) is removed. Probably in complete 
cure both methods of action come into play, but direct action occurs first as seen 
in the instantaneous results of intravenous injection. Solutions of quinine 
decrease in antimalarial activity when exposed to ultra-violet light. 

^ The Mayer-Tanrel reaction consists of two solutions: — A, Mercuric chloride 1*36 grm. aq. dest. 76 ml. ; 
U, Potass, iod 6*0 grm. aq. dest. 20 ml. The two solutions are mixed in lOO ml. aq. dest., plus 10 ml. 
urine to each of two tubes. If they remain clear, quinine js not present, if turbid it is. A.lbiunin is 
removed by a drop of acetic acid. 

4 
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Toxic effects of quinine. — Tho milder luaiilostiitionH iiro nausea, 
tinnitus, dizziness, tremors and palpitations, Yoniiiiing is occasional and 
may be controlled by 10-20 min. of 1:1,000 adrenalin injectiKl with 

i oz. of water. • i. i 

Jdiosyn&rmes are exceptional— some become hypcM-seiisit.ive Irom long- 
continued dosage. In others it produces uriicaria: in othiu'S again, 
cutaneous eruptions varying from a mild erytlienia to wi^i^ping or an 

exfoliative dermatitis. 'An indication of sensitivity may 1 k^ obtained by 
the “ scratch test ” {eiidermic reacfion). A drop of .1:10 solution is ap})liod 
to a scratch on the forearm and, when positive, a zone of t^rytlienui and 
oedema results. Saline controls should be ouiploycHl. Jmc-al (odiuua of 
the eyelids as well as irritation of the nasal and oral nuicosa^ have boon 
recorded. Cutaneous hiemorrhagos, approxiinaiing to purpura, with 
bleeding from the mouth, bladder and rectum are rariH ; occasionally 
quinine hjBinoglobiriuria resembling blackwater fevor has b(‘on rocordod. 
In heroic doses mental confusion and oven coma may ensmu 

Contrary to popular belief there is no evidence that jit^riniuuuit deafness 
may be brought about by quinine. 

Quinine amaurosis, or amblyopia, generally rosuliiS from gross oviirdosago 
(80-160 gr.), but exceptionally in those with pronomuM^d idiosyimrasy, 
temporary blindness may follow oven modorati^ dost's. A<H‘.()rding to 
McGregor (1944) this is due to damagu to tho roiiinal cidls wii.h i.luj pro- 
duction of a “ sieve-like field. Tho milky ap})(uiratiC(i is at.tributiod to 
ischaemia and the cherry-red spot in tho macula to blockagii of tho central 
artery. Total blindness may ensue when tho artt^ri(^s boconm narrowed, 
which may be due either to arterial spasm or to ihick(miug of t-ho intima. 
The primary lesion is said to bo in the ganglion colls of the rtddua. This 
amblyopia recovers spontaneously, but iinprovomcat may ho very slow. 
Strychnine is given in large doses and vasodilators, such as amyl lutrii-o. 


Injections of Quinine 


(a) Intramuscular injection 

This method has been much criticized. The general consensus of opinion 
is that it is a valuable therapeutic measure under certain circumstances. 
Its dangers have been much exaggerated and probably are due to abuse. 

The indications are non-absorption of oral quinine owing to severe 
vomiting, the presence of several toxic symptoms or of largo numbers of 
parasites in the peripheral blood. The most suitable salts for this purpose 
are the hydrochloride, or the dihydrochloride which is soluble in its own 
weight of water. Pain is caused by the acidity of the solution ; that of 
the latter is pH 8-5, of the former 6-1. For that reason the hydrocblt)ride 
salt is to be preferred. The hydrochloride is best when combined with 
urethane. 


Quinine hydrochlor. 
XJrethani//' 

Aq. dest: 

Sol steril 


. gr. X 
. gr. V 
ad 2 ml. 


Sohqchin, on account of thp correction of the pH to that of the tissue, 
is re^mmended as the ideal pteparation for injection (25 per cent, solution 
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at pH 7*2) ; 2 ml. contain 0*5 grm. (jninine dihydiochloride dissolved in 
phenyl dimethyl pyrazolon, ■wHch acts as an analgesic. In chronic 
benign tertian malaria 2*2 ml. are injected twice daily, if necessary for 
four days or longer. In subtertian malaria it is effective in the acute stages. 

Quinine lactcde has also been recommended as being less irritating. 

Site , — The usual site for injection is the gluteus maximus muscle at 
a point on a horizontal line through the apex of the great trochanter 
(Fig. 8). This point lies well above the exit of the deep-lying great sciatic 
nerve, which may be injured by plunging the needle below the fold of the 
buttock so that paralysis of the leg may result. Pain is minimized and 
absorption aided by massaging the site of injection for some three minutes. 
A stout, preferably platinum-iridium, needle is driven home rapidly deep 
into the muscle after cleansing the skin thoroughly. Should the salts of 

anterior 



Fig. 8 —Diagram showing the site for a quinine injection. 

{Burroughs, Wettcrnne <& Go.) 


quinine be used in tabloid state, their solution must be freshly prepared and 
boiled and the syringe and needle thoroughly sterilized. In children, 
especially, the injection should be given slowly and in dilute solution. It 
has been shown that concentrated solutions of quinine are rapidly absorbed 
from the tissues and that its action upon the parasites in the blood is rapid. 

LocaKzed necrosis of the muscular fibres is apt to occur after quinine 
injection. This is followed by oedema, possibly by destruction of the 
blood vessels,, thus creating a favourable culture ground for tetanus and 
other organisms (Fig. 9) . Thus, in addition to tetanus and abscess for- 
mation, gas gangrene and streptococcal septicaemia may ensue. No 
advantage is gained by repeating the injection in approximately the same 
area. This procedure is dangerous by promoting extensive haemorrhage 
and necrosis. 

Three or four intramuscular injections suffice to tide over the pernicious 
symptoms of subtertian malaria, whilst conivmed jpyrexia may not always 
indicate persistence of malaria parasites, but may he due to toxic 
absorption from injections. 

Quinine injections, when excessive, may occasionally give rise to fibrous 
nodules about the size of almonds which mq^y persist for years and give rise to 
much pain. They may even break down and suppurate. 
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(fc) Intravenous quinine injections.— In the pernicioim or acute (onus of 
subtertian malaria, especially "when there is cerebral iuvolvciiic'iit, when* 
it is important to obtain rapid and powerful action, quinine should be 
injected intravenously. The hydrochloride or dihydrochloride salt should 
be employed in doses of 10 gr. dissolved in 10 ml. of distillod walor. In 
algid eases or those with cardio-vascular collapse it is advisable to reinforai 
with glucose, 6 per cent, in sahne in amounts of to 1 pint. The solution 
of quinine should be boiled in a test tube, drawn up into a storile syringe 
and injected into the median basilic vein. On introduction the pluiiger of 
the syringe should be withdrawn slightly to permit blood to rater the 
barrel. The injection should he made slowly and at least three uiinui.oH 
spent over the operation. One dose of 10 gr. usually suffices to stop the 
fever and to cause disappearance of most of the parasites within eighteen 

It is sometimes advantageous to follow it up Vith an intravenous 
injection of lO min. of adrenalin (1 : 1,000). When the myocardium is 
mvolved especial care is necessary, since the toxin liberated by rapid 
destrnction of parasites may paralyse the cardiac mechanism. It is then 
more advisable to cogence with a preliminary mtramuscular and to 
follow this up, some six or eight hours later, with a smaller intravenous 
^tion (6 gr.) There is usually a considerable fall hi blood-pressure. 
When there has been great destruction of erythrocytes a blood transfusion 
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of 300-500 ml. is indicated. Continuous intravenous dri^ method of 
quinine injection is recommended by Strahan (1948) in heavy P.fal&ipamm 
infections. The solution should contain 0-06 grm. (1 gr.) quinine bi- 
hydrochloride, or hydrochloride, to 2 ml. of sterile saline. The rate of 
injection is 2 ml. per minute and the total amounts given are 0*5 grm. 
(7| gr.). In one case a total of 2 grm. was given in two hours. 

The Ascoli treatment was introduced in Italy for the treatment of malarial 
cachexia resulting from chronic subtertian infections. The method 
consists of intravenous adrenalin injections of -§^ mgm. in gradually 

increasing doses up to mgm., combined with quinine treatment. 

II. 4-Aminoquikolines 

Cliloroqidne (S.N. 7618) (for synonyms, see, p. 871) was originally 
synthesized by Andersag, Breitner and Jung (1937), but is now produced 
in the United States. The drug concentrates in the Liver and is an active 
schizonticide in P. vivax malaria. The salt usually employed is the 
diphosphate. Tablets of 0*25 grm. contain 0*155 grm. of the base. The 
maximum initial dose (Handfield-Jones) is 1 *0 grm., followed after 6 hours 
by 0*5 grm., then 0*5 grm. on second and third days. The duration of 
the fever is cut short with this drug, usually lasting about 80 hours. 
Others have reported equally good effects with smaUer doses, such as 
0*5 grm. followed by 0*25 grm. after 6-8 hours, and then a single dose of 
0*25 grm. on each of three successive days. It is a powerful schizonticide 
which appears to have an action similar to that of quinine and exerts a 
suppressive effect when given once weekly in doses of 0*5 grm. By intra- 
muscular injection chloroquine can be given a dose of 200 mgm. of the 
base^ repeated in four hours, but oral treatment should be started as soon 
as is possible. In the form of the dihydrochloride it has been injected 
intravenously in doses of 5 •7-14-9 mgm. of hase per kg. body weight. 
A reasonable dose is 5 ml. of a 5 per cent, solution. 

Side-effects. -r-Jn very large doses chloroquine may produce difficulties 
in vision, bleaching of the hair, slight weight loss and headaches. 
Occasionally vomiting and gastric disturbances have been reported. 

Sontochin, oisontoquin (8.N. 6911) appears to have a very similar action. 

Camoquine (“ Cam-aqi ”) {see p. 871) is given as the bihydrochloride in 
tablets of 0*2 grm. by mouth. The single dose is 0*6-1 grm. for adults and 
for children it is given on the basis of 10 mgm. per kg. body weight. Thus 
those of five to fiteen receive 0-2 grm. and over that age 0*4 ^m. As a 
suppressive it is said to be more effective than chloroquine in doses of 
0*6 grm. weekly. 

Nivaquine B (May and Baker) is chloroquine sulphate in tablets of 
0*2 grm., containing 15 mgm. of the hase. It has the same therapeutic 
action as the diphosphate. 

III. S-Amihoquinoliites 

Pamaquine (plasmoquine — ^for other synonyms see p. 877). On account 
of its toxicity the doses are small. In doses of 0*04 grm. daily it acts as a 
schizonticide in P. vivax and P. malarioe malaria, but is less effective in 
P. jaldjparum. It is a powerful gametooide in all malaria infections. 

1 0-G grm. ot base ectiials 1 grm. chloroquine diphosphate. 
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Gametocytes are destroyed before the sehizoiii.s and croscenit^ of P. Jalai- 
pamvi disappear after five days’ dosage. The changos are characi,(a'istio. 
resulting in disruption of chroiiiaf.in and dispersal of pigment. In eminbina- 
tion with quinine it was formorly much used in troatinent of l\ vwax 
malaria in which it is a supprossant. Such a combination in t^ablot form 
was known as pamaquine (or plasmoqiiino) compound each containing 
0*01 grm. pamaquine with 0-1^5 gnu. quinino sulphate. Quinoplasniino 
(Chinoplasmin) is 0-1 panuupiii'io and 0-8 gnn. (4 J gr.) quinine. I'lie doso 
was three tablets daily for adults, hi this dosage it was omi)lo,yed by 
Manifold in India in i030 for suppression of P. virax malaria in Britisli 
troops (three weeks’ course of painaquiiio 0-02 gnn. with K) gr. (0-75 grin.) 
quinine, every morning and evening). The addition of quinino is con- 
sidered to couut.eract ilie toxic effects of pamaquine. Those may be 
severe. The commonest is cyanosis (drug inotlimnioglobimuinia), ab- 
dominal pains, vomiting; and most sovore of all, niethieinoglobinnria 
(especially in P.Jalci'pcvrum). This is duo to intnivasc.ular hamiolysis and 
resembles blackwater fever also in the pathological etlbcts. Toxic luqiatic 
necrosis and ha3inorrliagic nephritis may also ensue, and t.luu'o is some 
evidence that it may provoke blackwater foviu*. Par(uit<cnul inj'eciions 
are dangerous. 

The combination of pamaquino and atobriu is not gtuierally recom- 
mended. This is known as “Atepe” (atobrin 0-1 gnu. and panuuiuine 
0*005 grm.). 

Pentaquine (S.N. ]3,27G) is said to bo half as toxic as paiiiaquino, but 
twice as active, and isopentaquiue even loss toxic and ('qually offecdivi^. 

Pentaquine in the form of yellow needles is slov^dy soluble. In pro- 
longed treatment of 60 ingin. with 20 gr. qniniiu^ iti onhaiUct'S ihe act, ion of 
the latter and eradicates P. vivax. It is said to be t.oxic for ni^groos and 
children. (For treatment of benign tertian malaria, p. 08, Ooggoshall 
and Eice, 1940.) A compound of quinine sulphat.e with })ont.a(piiiie 
phosphate has now been prepared under the name of Q'uinvpiax for tho 
treatment of P. vivax malaria. Each tablet contains (luinino snlphal.o, 
150 mgm. with pentaquine phosphate 6*5 mgrn. 

Primaquine (S.N. 18,272) {see p. 878) in the form of diphosphate, is a 
compound closely allied to pamaquine and has been used together with 
quinine in reducing the relapse rate of the Oht^sson siirain of P. vivax 
malaria (Edgeomb and colleagues, 1950). On an equal weight basis it is 
claimed that primaquine is four times as active as other inombors of this 
group._ It has a high prophylactic as well as curative ratio when 
administered in safe therapeutic daily doses. In these respects 
primaquine is superior to both pamaquine and isopontaquino. A daily 
dose of primaquine is given concurrently with 1 *0 grm. of quinine sulphate. 
Larger doses are not recommended. 

IV. Diguanides (Peoguamil or Paludkinb) 

Progmnil (Paludrine M. 4888, see p. 877) was discovered by Curd, Rose 
and Davey in 1945. This drug represents a complete departure from any 
other antimalarial drug. It is N-p-chlorophenyl-NS^Isopropylbiguanide 
acetate. The salts most used are the monoaoetate and the monohydro- 
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chloride. In fowl malaria (P. gallinaaeiLm) it has a powerful action on the 
erythrocytic forms as well as on the pre-erythrocytic (EE forms) in the 
tissues. In human malaria the action appears to be similar. Its chief 
advantage is that it is an active prophylactic and suppressant of malaria. 

It is moreover easily tolerated and toxic side-effects are few — such as 
nausea, vomiting and gastric discomforts. In very large doses, such as 
1 grm., it may very rarely precipitate haematuria. 

As a therapeutic agent it possesses many advantages and does not, like 
atebrin, discolour the skin, nor does it produce the unpleasant tinnitus of 
quinine. Paludrine apparently reduces the secretion of gastric juice 
which may be related to the gastro-intestinal symptoms which have some- 
times been recorded (Doll and Schneider). It is rapidly absorbed and 
excreted in the urine and, though blood concentration is much diminished 
twelve hours after administration, a satisfactory build-up can be effected 
if doses are taken twice daily. 

When paludrine is given in 100-300-mgm. daily doses to P. jalcifarum 
or P. mvaa gametocyte carriers no effect is observed on the number or 
microscopic appearances of the gametocytes in the blood, but when given 
early in the attack, gametocyte production is affected indirectly, by 
checking the primary trophozoite wave before gametogony has occurred. 
Though gametocytes of both P. mvax and P. falciparum^ when ingested 
by mosquitoes, undergo exflagellation and fertilization, and may even 
produce small oocysts, further development ceases, and it has been shown 
that complete sterilization of the gut infection of mosquitoes results within 
1-2 hours after 150 mgm. of paludrine has been administered to a carrier. 

Paludrine acetate, or preferably the lactate, has been used for intra- 
venous injection in doses of 25 to 400 mgm. and in some instances it has 
to he repeated. In comatose cases it is not nearly so efficacious as 
intravenous quinine (Chaudhuri). 

For subtertian malaria the optimum dosage appears to be 100 
three times daily for 7-10 days. In view of the rapidly acquired paludrine- 
resistance, Maegraith and others now advocate 600 mgm. daily. For 
benign tertian and quartan larger doses are indicated, such as 250 mgm. 
three times daily for the same period, though this treatment does not 
appear to extirpate P. vivcuo from the circulation any more effectively than 
does quinine, though a single dose of 100 mgm. is enough to suppress an 
individual attack. 

Fairley and his co-workers have asserted that combined paludrine 
(300 mgm.) plus 30 mgm. plasmoquine base daily for 10 days did not 
retard relapses, though superior to quinine-plasmoquine suppressive 
treatment (interval between treatment and relapse was 66-5 days with 
the former and 31 -4 days with the latter). It was concluded that this was 
due to the inhibiting action exerted by paludrine on the late pre-erythro- 
oytic forms of P. vivax. 

Williamson, Bertram, lourie. Bishop and Birkett (1947) have shown 
that P. galUnaceum in chicks becomes readily paludrine-resistant atid 
that this may also take place in P. mvax and in P. falciparum in man. 

Covell, Nicol and associates (1949) have now concluded that paludrine 
has a less rapid action than has mepacrine or quinine, so that, in order to 
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prevent relapses in P. jaldpanm malaria, with uu^pacriiu^ 

or quinine if 5 necessary.' Adams has shown that paliidriiK^ msislaiit si, rains 
subsequently rapidly yield i,u atohrin troadnunil,. 

Carrington, Crowtller and others (1952) have shown t hat, in the body 
of experimental animals and man prognanil is inotaboliziMl into a (hunvativ(> 
which is 10 times more active against P. falciparum. 

Proguanil resistance. — Proguanil-i-eaistant strains of /^ (j(tllinarvu7u> 
have been prepared by Bishop and Birkctt and it was Ibiind that this 
character was retained for sonic months. They also showtul that a similar 
resistance could be produced for sulphadiaziiie. Similar resiHt.an(‘o is fomid 
in P, cynomolgi in monkeys. In P. vivax of tho ('ihosson strain r(‘sist,a,n(‘e 
of more than one thousand -fold has been ])rodu(!od by (kioper, (kiatriu'y and 
Imboden (1950). It is suggestive that tho aniimahirial ac^tion of salphadiazine 
and sulphanilamide is inhibited by P.A.B.A. (p-amin()-b(mz:oi(r n,(*i(l). 'flu* 
gradual development of resistance in Malaya and Indonesia has b(H‘ii deserilx^d 
by Edeson and Field. Wlion first introdiiecd tho response to na.i,urally a.<x]uirod 
P. falcipamm infection was good. During 1947 little was found to elioost^ 
between a single proguanil dose of 100-300 ingm. and a (loumc^ of 300 nigrn. daily 
for two days. The fever and parasitjomia cleared at the sanu^ rat(^ Sinex^ 10 IS 
resistant cases have been frequently encountered and onc> c^ase out of (‘V(ny four 
was found to be so. In rubber estates where this (Mindition was found tlu^ 
labourers had been subjected to proguanil suppression for more than t.wo ycuirs. 
When used in mass treatment this resistance is ho rapidly luxjuirxxi tliat ii- is 
transmitted through the mosquito (Seaton and Adams). 

V. AoHIDINKS (AtKIUIIN oil Ml<)Mt'UlN10) 

Atebrin.-r“(For synonyms, nee p. (S75). This is i.lu' (lihydriudiloridi^ of 
2-methoxy-6-chloro-9 (4'“di6thylaniiuo-l'-iimthyll)ixtyl) aminoacridiiKs a 
bitter yellow acridine dye, usually preparcxl as tho hydrochloridi'. A more 
soluble salt for injection is known as “ musonate.” Tlu' fornuT disHolvi'S 
in water at 40° C. in 7 per cent, solution. 

Kikuth originally proved that atcbriii exerts a s])eci(ie schizontitiidal atdion on 
all malaria parasites, but has not direct action on gamotocytes (i^HpcKually /\ falri- 
panm). It attacks early trophozoites first, thou develop nioutal forms,* though if 
given over a sufficiently long period, gametocytes disappear. Exfiagellation is 
not interfered with. 

The most beneficial effects of atohrin are seen in the treatiiionb of 
subtertian malaria and there appears to be little doubt that by its t^xttuidud 
use during the recent world war the incidence of blackwater fovor has 
been thereby greatly reduced, though occasionally it may onsuo after 
intensive atehrin treatment. The results in benign tertian and quart, an 
infections have been less satisfactory. 

Atebrin accumulates in the body and stains the tissues and skin yellow. 
It ^ is specially stored in the liver, spleen and reticulo-endotheliuin. 
Elimination is slow and may take a month to complete. The yellow 
discolouration of the skin may be mistaken for jaundice. Tho sclerotics 
are rarely affected, though little correlation has been found hetwo^m tlu^ 
plasma concentration and therapeutic effect. It has to be distinguished 
from infective hepatitis, acholuric jaundice, pernicious anaemia and 
carotinaemia. 

Long-continued administration may be associated with an increased 
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incidence of lichen planus (Nisbet and Schmitt, 1945). Other skin lesions 
have^ been described, including lichenoid dermatitis, eczematoid and 
exfoliative dermatitis. The lichenoid lesions are localized erythematous 
plaques on dorsal surfaces of hands and feet; subsequently similar lesions 
have been noted on the mucous membranes. Urticaria has also been 
recorded. Ginsberg (1946), confirmed by Kierland, has demonstrated the 
interesting phenomenon that, in persons taking suppressive atebrin, 
the finger and toe nails emit a greenish-yellow phosphorescence when 
exposed to Wood’s light (an ultra-violet ray filtered through glass con- 
taining nickel oxide). This restricts the passage of all but relatively long 
wave ultra-violet light (about ^,650 A). Periorbital eczema with corneal 
oedenia has been reported and after prolonged administration a peculiar 
brown discoloration of the nails may ensue. 

Another serious idiosyncrasy is cerebral excitation, especially when 
atebrin is given in large doses. Some serious cases resemble schizophrenia, 
especially in some sensitive Europeans, but more commonly in Malays, 
Tamils, Chinese and Sinhalese (Green, Hoops, Kingsbury). 

American observers (Gaskill and Fitz-Hugh, 1945) found out of 7,604 
cases of malaria treated with atebrin 0-4 per cent, developed a toxic 
psychosis. The total amount was 2-1 grin. The time of onset varied; 
the most rapid was on the third day (0*9 grm.). The latest date was 
six days after the completion of treatment. The onset was often insidious 
and declared itself in a sudden increase of motor and psycho-motor activity 
with auditory and visual hallucinations, delusions and sometimes dis- 
orientation. The effect was usually euphoria and expansiveness. The 
average duration was 23 days, but the great majority who recovered 
from the initial psychosis were re- treated with atebrin without any further 
manifestations. 

Atebrin is well borne by pregnant women. Its most valuable property, 
in addition to its prophylactic properties (p. 108), is, like quinine, its high 
power of preventing relapses in suhtertian malaria. Its action on relapses 
of benign tertian and quartan is less satisfactory. 

Atebrin is probably equal in therapeutic value to quinine, but its action 
is slower, especially in acute subtertian malaria, but it gradually infiuences 
the fever and destroys the parasites. Children tolerate atebrin well. 
Atebrin is dispensed in tablets of 0*1 grm. (1 J gr.) and is usually given three 
times a day on a full stomach In order to obtain solution it is recom- 
mended that a glass of water should be drunk simultaneously. The daily 
dose is 0*8 grm. (4^ gr.) for 7-10 days. It is customary to give a 

loading dose ” of 0-6 grm. or even 0-9 grm. for the first two days of 
treatment, but plenty of fluid (hot tea) must be given at the same time. 
For small children the daily dosage of 0-03 grm. is best given in milk 
or concealed in raisins. Atebrin treatment can be combined with 
5-10 gr. of quinine hydrochloride daily. 

For children the following doses are recommended : 

Up to 1 year . . . 0*05 grm. (i.e., half a tablet) daily dose 

From 1-4 years ... 0-1 „ ,» »» 

,, 5-8 . . . 0*2 ,, „ ,, 

Over 8 . . .0-3 „ „ m 
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IntvOjTnuscular injections are less painful than those of (juiniue. Two 
injections with an interval of 24 hours aro reconinioudod. The soluble 
form (afebrin 7 nusoTiate) is supplied in ampoules coniaiuing 0*1 or 0-3 grin, 
and the contents are dissolved in 3 or 9 nil. of water ros})iK*.tivoly. In 
severe subtertian infections its action is noi. so rapid as is (juiniiH>. Wiili 
the strength of atebrin (0*3 gnu. in 9 ml.) the dosi^ is: 

6 months to 2 years . . - - 1 nd. 

2-4: years ...... 2 ml, 

gradually increasing to 7 ml. at 15-18 years. 

Intavenous mjections of 0-2 grm. of atebrin inusouate luivi^ ht'en given 
in cerebral malaria, but are not as elhcacious as (luiuiix', This mnount 
should be diluted with 9 nil. of water. 

An interesting outcome of atobrin treatment in its application to lupus 
erythematosus hy Pago (1951). Eighteen cases were ti'eaU*d an<l one faib'd 
to improve. In a few, all lesions completely disappeared wilhin six weeks of 
commencing treatment and in two associated rheumatoid arthritis also improved. 

Atebrin tablets deteriorate in damp heat. This is preventc^l by packing 
in flexible waterproof sheeting (polythene, LC.l.). This substanee retains its 
flexibility in extremes of heat and cold. 

VI. New Compounds anj> otuuhs 

Dara'prim (pyrimethainiue),— B.W. 50-G8 (Archibald, 1051) boloiiga i.o a 
class of compounds hitherto unused against malaria {see p. B72). Wluui 
tested out against P. goUmamm^ P. q/noniolgi and 1\ bergfwi it is C8 tiinos 
as active as proguanil, but has uo pronounced action on iho pro-erythroc*y tit- 
stages. In doses of 5 mgm. in African children it is as olfoct.ivo as larg(U’ 
ones against tropho25oites of P. fdcipamni^ and P. i}ialana\ Daraprini 
is clearly a powerful schizonticide. A single dose of 0-5 mg. per l<g. 
causes the disappearance of asexual forms of these parasii-es from the 
blood. The rate with which it eliminates parasittenaia is quicker than 
that of proguanil. Its small effective dosage and tasteless charaettu' make 
it the drug of choice in the treatment of malaria in infants and children 
(McGregor and Dean Smith, 1952), and in doses of 5 mgm. daily it has 
been shown to he an effective malaria suppressant (Goodwin, 1952). 

In Malaya, Tield, "Wilson and Edeson found it failed to oradicato asexual 
F. falciparum parasites. A total dose of 300 mgm. failed to euro 7 oui 
of 26, though East African strains are much easier to cure with this drug. 
There were no failures in patients with P. vivax for which this drug 
appears most suitable. In Assam and N. Bengal, Gilroy, Norman 
and Arthur found few failures with single doses of 20 or 50 mgm. and 
great rapidity of action was observed with P. vivax, Schneider, Canet 
and Dupoux used it for patients infected with P. falciparwn and P. uvax 
in Tunisia and Indo-China. They found a single dose of 50 or 100 mgm., 
or two doses of 50 m^n. effective. Eoy and Kondi (1952) have recently 
shown that P. falciparum gametocytes from a patient treated with 
daraprim failed to develop to the sporozoite stage in mosquitoes fed 
upon his blood. Toxic side-effects of daraprim appear to be negligible. 
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Paludrine-resistant parasites are amenable to daraprim as so well shown by 
Avery J ones in. a self-inflicted experiment in Nairobi with a strain of P. falci- 
parum imported from Malaya (1953). 

Azacrin (an acridine, ^ee p. 820). — ^A new compound (Ward and Blenkinsop) 
tested in W. Africa by Bruce-Cbwatt and Archibald (1953) in tablets of 0-2 grm. 
Children are given 2 tablets, followed by 1 on each of the two following days. 
Adults tolerate 2 tablets daily, but more may provoke vomiting. The clearance 
time for P, falciparum was shortest (1-58 days) with this drag. 

Sulphonamides. — Snlphanilamide and sulphanyl-sulphanilate have been 
proved specific in ape malaria (P. knowlesi) by intraperitoneal injection. Later 
it was found that sulphathiazole in doses of 6 grm. daily for five days extirpates 
P. vivax (Pakenham-Walsh and Rennie). Sulphadiazine has been found by 
Fairley to have the same action. 

Salvarsan and its derivatives appear to exert some action on P. vivax 
but little or none on other species. Siovarsol, in 4-gr. tablets, twice daily for 10 
days, has been credited with some curative effect in stubborn benign tertian 
infections. 

Mapharsen (meta-amino-parahydroxy-phenylarsine oxide) intravenously is 
said to cut short a malarial attack in doses of 0*04^0*06 grm. according to 
body-weight, and is said to be of special value in controlling therapeutic malaria. 

Thiobismol (sodium -bismuth thioglycollate), injected intramuscularly in 
0*2-grm. doses, exerts a peculiar action upon therapeutic benign tertian 
malaria and produces remissions of 48 hours and is therefore of value in this 
form of treatment in cases with cardiac embarrassment. After such an injection 
quinine and atebrin appear to act quicker. 


TREATMENT OP BENIGN TERTIAN, QUARTAN AND 
SUBTERTIAN FEVERS 

During a paroxysm of benign tertian it is better to give quinine or 
paludrine during the rigor or hot stages and not to wait, as formerly 
advocated, till the patient commences to sweat ; but in subtertian malaria, 
especially, it is wise to commence treatment directly diagnosis is 
established. Ten grains of quinine (0*1 grm. paludrine or 0*25 grm. 
chloroquine) should be administered and thereafter in 10-gr. (0-65 grm.) 
doses three times daily after meals for the next three days (or paludrine 
0*1 grm. three times daily). Should the patient he constipated a saline 
purge should be given, but if he presents severe toxic manifestations, as 
in sub tertian malaria, one should not hesitate to inject quinine intra- 
muscularly or, when signs of cerebral irritation are present, intravenously. 
The sooner a case of subtertian is energetically treated the less chance there 
is of relapse or development of pernicious symptoms. It is a wise plan for 
the patient to take, once a week, a mild sahne. For the anaemia, iron and 
arsenic in pill or tabloid form are of value. 

HaBinatinic plastules (liver and iron, Wyeth), 4-6 daily, are to be recom- 
mended. In the severe anaemia of subtertian malaria intramuscular 
injections of liver (plexan, hepatol, or campolon), 4 ml. twice weekly, 
will restore haemopoiesis. Sometimes, however, Hood or plasma trans- 
fusions may be necessary. Rest is an important factor and it is true that 
the malignancy of subtertian is much greater under war conditions than 
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ill civil life. For the hoadacho and supraorbiliil lUMinilgiiis which so 
often follow malaria nicotinic acid is rocoimnciKhul. 

In the confusion that is houiul to ciisuo nii tlio. }>n'St‘nt tiine 
in the presence of so many new syni.lndic antiuuilarial druj^^s ii is 
difficult to be precise and dogmatic. Clilomiquine diphosphaio now 
enjoys a reputation in the treatment of all forms of malaria in tiie dosos 
advocated (see p. 871). For anti-relapse timtiiuait of Ix'uign tortiaii 
(P. vivax), which has always beam unsatisfactory, tJii‘ l)i‘si. results whicdi 
have now l)een obtained arc by a comhiiiation of ixuititupiiiu', (>() nigni. 
daily with 20-30 gi‘. of quiiiino for 14 days. Fliis has iH'sulltul in thi' 
termination of relapsing war-contracted rimx malaria in 1,()3 out of 18,5. 
Toxic reactions are minimal (Alving, Ooggi'shall and iliet', I04i)). 
By this method eradication of relapsing P. rirax malaria was jicdiii'vi'il in 
98 per cent., but using only 30 nigiu. peutaipiim' daily (Strauss and Genuis, 
1950). Primaquine {see p. 878) is now being tested oat on Anun-ican 
troops with favourable resuli-s. HulsliolT (1951) has found also niviupiine 
G (French resochin preparation almost identical with chlortxpihu'), 
100 mgm. for 5-7 days followed by pamacpiim' naphihoati^ IS uigin. Ihrict' 
daily for 5-6 days reduced the relaps(' rate from 5,8 piw cent., to 30 per cent. 

Treatment of bilious remittent snhteriian nialarid, or {uisi^s of malaria 
with intense icterus, should be conducted on tlu' sainc^ gemual lim^s as 
for blackwater fever. All solid food should bii wiihhtdd and sips of 
glucose solution substituted. Directly t.ho diagnosis is establisheid full 
doses^ of paludrine should be given, or if the action of this drug is not 
sufficiently rapid, an intramuscular quinino injection. The vomiting may 
be controlled to some extent by the administration of sodi. bicarb, solutioil, 
1 drin. to the pint, whilst, if the patient is very ri^stless, an inji^ction of 
phenobarbitone (gr. 5) is indicated. This is specially valuabh^ wluxi theix^ 
is violent delirium. 

Treatment oj cerebral inaZana.— The onset of cerebral malaria is to be 
suspected when the patient becomes drowsy or disorientated. Good 
nursing is most important. Ice-hags should he applied to the head and 
hot ^applications to feet and legs. The patient should bo nursed in a 
semi-recumbent position and in severe coma artificial feeding may become 
necessary. If the systolic blood pressure is lOO inm. or over and pulse 
volume is good, no time should he lost in injecting quinine dihydroclilorido 
intravenously. This should be performed slowly— at the 'rate of ont^ 
minute per grain. This can be repeated after an interval of six hours, till 
the patient is out of coma, but if the systolic blood-pressure is under 
lOO^ mgm. and pulse volume is poor, intravenous salines should bo given, 
rapidly at first. Subsequent transfusion of 400 ml. of plasma or glucose- 
saline by the Continuous drip method— 40-60 drops per minute— serves to 
^^^neulralize^ the toxaemia. In order to bring the quinine int.o int.iniHt.e 
^ntact with the parasites in the cerebral capillaries, adrenalin, 0-5 ml. of 
'-i : 1,000 solution, is injected intramuscularly, sometimes intravenously. 
Should the coma not clear up within two hours, intravenous quinine must 
be continued in doses of 6 gi*. at six-hour intervals, but not exceeding a 
total dose of 30 gr. within 24 hours. Intravenous paludrine lias not given 
such good results (Black). 
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AVhen convulsions are severe oral administration of nembutal or sodium 
amytal is useful, but, if there is vomiting, resort must be had to injections. 
In comatose cases \vhich do not clear up, lumbar puncture and withdrawal 
of 20 ml. of cerebro-spinal fluid may give relief and this should he repeated 
daily till clinical improvement is noted. Rogan (1944) advised lumbar 
puncture in every case as cerebro-spinal meningitis may coexist. 

It has been pointed out by Marriott (1945) that life is often threatened 
by asphyxia and dehydration. The former takes place by the falling 
back of the tongue, gravitation of the saliva into the trachea, and con- 
sequent pulmonary oedema. The maintenance of an airway should be 
the subject of unremitting care. Dehydration quickly arises from reduction 
of fluid intake by drowsy, disorientated patients who are also sweating 
profusely. 

Eansome, indeed, on these considerations, has made it a routine to 
nurse his patients in the Fowler position. Beneficial effects are due to 
gravitational decongestion of the brain, whilst the use of the intranasal, 
intragastric Ryles’ tube for continuous drip hydration and nutrition is a 
life-saving measure. Central cardiac failure may be treated with 
stropTbanthin -^p gr. intravenously and repeated after 18 hours, if 
necessary. Peripheral failure and oliguria should be treated with caffeine 
sodium benzoate 1\ gr. every six hours. 

Scott (1951) has given his experience with chloroquine and intravenous 
saline, Chloroquine dihydrochloride was used in 10-ml. ampoules each 
containing 400 ingm. of base. The contents of one ampoule is diluted 
with 40 ml. sterile physiological saline. The mixture is aspirated with a 
50-ml. syringe. Intravenous injection was made slowly (15 min.), 
controlled by blood -pressure readings. The smallest dose was 5-8 mgm. 
chloroquine per kg.; the largest 12*5 mgm. Some were treated by 
intravenous injection of one ampoule in 500 ml. normal saline by intra- 
■^'enous drip and the therapeutic effect was equally satisfactory. 

It should be remembered that increasing coma, especially when 
accompanied by signs of cerebral irritation, is often due to punctate 
subcortical haemorrhages. 

Treatment of hyperjpyrexia . — Hyperpyrexia must be promptly met by 
prolonged immersion in a cold hath. A good rule is to give it, or cold 
pack, if the axillary temperature reaches 106° F., but to remove the 
patient when the rectal temperature registers 102° F. At the same time 
quinine should be injected intravenously or intramuscularly. If the 
temperature can be kept down for three or four hours the quinine gets 
time to act upon the sub tertian parasites crowding the capillaries. 
Antipyretics, such as antipyrin, are worse than useless. 

PROPHYLAXIS OF MALARIA 

Anti-mosquito measures.— It is obviously impossible to wage war 
on all mosquitoes. Modern anti-malaria measures are based on the belief 
that it is more economic and effective to concentrate on the main malaria- 
carriers in each particular district— a procedure known as species sanitation. 
Some varieties enter dwellings and show preference for human blood and 
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are said to be aniliro'pophilic, l>ut the niajorii.y are zoophilic and j)r(der to 
feed on domestic animals {see Appendix, p. lOiilO). 

The precipitm test is employed for the precise detenu iuatioii of t-he blood, 
human or mammalian upon which captured an<)[)hcdiuoa have Vho stomach 
blood is squeezed out on to filter paper, and riil)l)cd well in. })nper should 
be divided into eight sectors, and blood drops disposed at tdie periphery. Such 
specimens can be stored for as long as 3-4 inoiitlis in a dry place. ’‘Plien Honsitized 
sera, suitably diluted, are ])]aood into tubes (sontaining 3 ml of saliiu' aiul the 
filter-papers containing the dried blood added, A positive reaction is shown 
by the development of an opalescent ring at the point of eontaot ; it may appear 
at once or after incubating at C. Tubes should bo insp(H^tod at ten-minute 
intervals up to one hour. Control tests should be performed. 

Other factors in planning aiitiinalarial inoasuros govorn the principles. 
The distance between breeding places and dwellings is known ns distmice 
of dispersal In the Oriental rogiou a zone of half-a-niilo radius froo from 
breeding-places is found enough to protect a dwelling, but in tho blthiopian 
region this must be more extensive. Formerly it was iliouglit that, 
generally speaking, about a thousand yards or one mile between a ship 
and a malarious shore would secure protection for the crow, but this 
does not always suffice, because Kligler has shown that, aided by prevailing 
winds, and especially during hibernation flights, the mosciuitoes may 
travel five miles. 

KiRing off adult mosquitoes.— Light airy houses with plenty of 
ventilation, and with no dark corners, discourage the entry of inosquitoos ; 
in the tropics most of the adult insects gain entrance and suck blood 
during the night. Swatting the resting insects perched on ceilings or 
walls of dwelling-rooms has been found very effoefive against i. 
atropawus, especially in Holland. Spraying tho walls witdi an in- 
secticide (Pyrethruna— Flit) once or twice a week has been found usoful in 
India against A. culicifacieSf especially during the autumn months and in 
cool weather. The “ Freon bomb,” a small round drum, containing 
pyre thrum and DDT concentrate dissolved in dichlorittuonnothatio, has 
been evolved by American Army hygienists especially for bedrooms. 
On opening the nozzle the insecticide 'is blown out and forms a fine fog, 
or Aerosol, which is projected 6-8 feet, Idlling all mosquitoes in 100,000 
cubic feet. ^ Residual DDT spraying kills off anopheline nios<iuitoes 
[A. 'darhngi and JT, aquasalis) which are anthropophilio as well as 
domestic (Giglioli) (see p. 862). The extensive subject of insi^cticides is 
treated in Chapter 52 where the different methods of applying DDT and 
gammexane are described. A note of warning must be sounded against 
hyper-optimistie expectations of this method. D. B. Wilson thinks that 
it is unlikely that residual DDT alone will be effective in hyperetidoinic 
zones, but where^ anopheles exist in smaller numbers, as in epidemic or 
endemic zones, this form of control is successful if applied to large groups of 
houses. Individual houses will not be protected by residual spraying 
unless the dosage is about 200 mgm. per sq. ft. or screening is employed 
as well. Inpgard to the use of DDT as a larvicide, improvements continue 
to be made, but the methods have not yet been standardized. Application 
of larvicide by aircraft is useful in restricted areas. In rural communities 
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the simple, yet fundamental, measures like siting of villages and control of 
water sources still remain of great importance. 

Principles of species sanitation. — In this procedure measures are 
taken to prevent the breeding of dangerous species of mosquitoes ; they 
must therefore be based upon an intimate study of the habits of each. 
These measures may entail drainage of swamps, if they can be incriminated, 
but they seldom can. In some cases it is more important to fill in holes 
and borrow-pits, to camber roads to prevent puddles, and to train the 
bends of streams or flush them periodically. Marshes, open to the sea, 
can be periodically flooded with salt water which kills off the larvae. 

In some species of the Anojphebs juneskis group, and especially for A. 
minimus^ shading of streams prevents breeding, but in this case the amount 
of overhead cover must be thick enough to prevent the growth of grass. 
To produce the right degree of shade, lantana (L. amleata), basak (Adhatoda 
vasica), and duranta (D. 'plumieir^ have been found suitable in northern 
districts of India : mugwort {Artemisia mlgaris) for tea, coffee, cardamom 
and rubber estates in the south. 

To prevent mosquito breeding in streams and waterways, it is necessary to 
get as even and swift a flow as possible without eddies or backwaters. The 
stream should be canalized, that is to say, the sides should be sloped at an angle 
of 45 degrees. Embankments should be lined with large stones and the vegetation 
cleared from the edges. During the monsoon it is especially important to pre- 
vent the formation of pools after the subsidence of extra high flood. A stream 
thus treated is practically self-sterilizing, except with a species of anopheline, 
such as A. maculatws, which is specify adapted for life in rbcky waters. 
If necessary, canalization should be supplemented by oiling. Subsoil drainage 
can be employed in place of canalization and, indeed; forms an important feature 
of estate sanitation in Malaya. Mushing streams with automatic siphons is a 
modern method. 

jSee 2 )age, or infiltration of water through bunds or dykes at the bottom of a hiU 
foot, usually forms a fruitful breeding- groimd for anopbelines. Running svximpsm 
the course of a stream in level country may form dangerous breeding-spots. They 
can be dealt with by oiling or Paris green. Borrow-pits, formed usually in the 
process of railway construction , may , when severalyears old, form suitable breeding- 
places. Tanks, in India and Ceylon,' are seldom dangerous, but, if the margins 
are much overgrown with vegetation, certain anopbelines may obtain a foothold. 

Bice fields are dangerous when the water is kept in continuous motion through 
the fields ; uncultivated plots in terraced fields that are allowed to become 
flooded are especially - so. In Java the drying-off of the fields throughout a 
tract on one day each week has been made obligatory and is efficacious without 
apparently damaging the growth of the rice. To the inexperienced eye there 
might seem enormous, 'potentialities ifor breeding anopbelines iu paddy fields, 
hut the fields themselves are not always so much to blame as irrigation ditches - 

Mangrove STJuamps, especially in the Andaman Islands and West Africa, are 
associated with virulent malaria due, to the breeding of certain species of 
anopbelines, especially A. ludlowi {sundaiciis), and A. mdas, in saline water. 
Sunlight also is necessary for the development of these larvae. Thus, the 
dense virgin mangrove forest is healthy so long as it is daily traversed hy 
tides ; but when trees are cut down, or when bunds are constructed to interfere 
with tidal mWements, and derelict pools are formed which are gradually diluted 
by rainfall to a suitable salinity, the breeding of anopbelines takes place. 
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Urainiigo js diflicuJt a-t aoii-lcvcl unless them is a l)ig tidal range. In Malaya, 
owing fco the sixteon-foot drop in the tides, it has become possible to instn.ll 
automatic sluice-gates to the bunds. 

Smaller collections of water, if overlooked, may constitute a grave danger. 
A sagging gutter may hold enough water to support largo numbers of larvas ; 
moreover, a good deal of atmospheric moisture is condensed upon the roofs 
of tropical bungalows so that the gutters are constantly being replenished, even 
in the absence of rain. Holes in rotten trees may breed a limited number of 
anophelines ; indeed one European species, A. plumbeas, brco<ls exclusively 
in this situation. In tropical Africa, A, gatnbice, the most active vector in 
the world, breeds in collections of water, small or large, of the greatest diversity. 
The most trivial road puddles, hoof marks or seepages may contain larvm, as 
well as the larger collections. Wells are a certain source of trouble where they 
are built within native houses and where, in the absence of light, species of 
anophelines have adapted themselves. In Palestine and Macedonia they have 
been found to be the main breeding-place of .4. claviger {bijurcatus). 

Oil.—Oiling lulls mosquito larvsB probably in several ways, but mainly 
by suffocation and its toxic action. The rapidity with which larvm die 
depends upon the volatility and toxicity of the oil, Th(^ oil the 

spiracles of the larvi® as they break through the oil tihn, iu orchu’ to r(‘a(»h 
the air and penetrate to varying distaneoH according to th(' amount which 
has entered. When the tracheae are full of oil doaih occurs within iwoiity* 
four hours. The main determining factor is the presenco t)f toxic sub- 
stances, such as aromatics present in the oil (Jones, 1951). Its Hj)roadiug 
power can be improved by the addition of 1-2| per cent, of castor or coco- 
nut oil. In Palestine Kligler found the most effective nii.xtnre to be 1 part 
of crude oil to 4 parts of kerosene, with the addition of 0*1-0’2 per c(H\t. 
castor oil. Anti-malarial oil (A.M.M.) is a mixture containing diesel oil, 
solar oil and kerosene put up by the Asiatic Petroleum Co. J)ioseI oil is 
unrefined, and is added to give a lasting effect. Malariol is an approved 
mixture of petroleum impregnated with DDT to 6 per cent, (it is reason- 
able to expect now that all anti-larval oils should include DDT), with 
which a film is formed on the surface of the water. This is attained by 
allotting 2,760 sq. ft. to the gallon. By spraying the banks with this 
substance the grass may be destroyed, so that side pools and stx^page are 
exposed. Waste motor oil has been used extensively in America. Pesterine 
is another mixture of oils, prepared hy the Bdrmah Shell Oil Co. Liquid 
'paraffin has been used by Swellengrebel and others in Holland. An 
almost colourless oil, it costs about £1 per cwt., and it is claimed that its 
effects are not vitiated by wind or rain, that it does not evaporate, is not 
toxic to fish, and that it does not prevent mosquitoes from ovi-positing. 

The following conditions are postulated for anti-larval oils as fur as 
film stability is concerned : 

(1) The main point should be quick penetration of the respiratory siphons 

of the larvae — ^tn not more than ten minutes. 

(2) The oil should exert a direct toxic action on the larv« and should change 

the flora of the streams. 

The oil may be applied to the water in several ways. Spraying consists 
of forcing the oil under pressure through an atomizing nozzle from a 
special machine. Of the various patterns, the “ Kent sprayer best suits 
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the capacities of the tropical labourer. Spra 7 ers should be fitted with 
leather or flexible metal adjustments, as petroleum oil perishes rubber in 
a few days. For road-side ditches oil carts may be used, but for all 
purposes the knapsack sprayer is the most adaptable. The best oil for 
the purpose is a heawy oil which will issue from the sprayer as a fine cloud 
and spread uniformly over the water. Oil swabs, or cotton-wool steeped 
in oil and weighted down by a stone, when thrown into water are ideal 
for rock springs and running streams. In certain malarial districts in the 
United States oil-soaked sawdust has been found to give a more complete 
and permanent oiled surface and has the advantage of being easily 
transported. The oil gradually exudes and spreads as an even film over 
the surface of the water. In Panama drip cans and barrels are used from 
which the oil constantly drips from cork wicks or through holes from 
which nails project, hut their value as an oiling agent is less than that 
of sprays. Oil must be applied at seven-daj/ intervals. 

Paris green is copper aceto-arsenite and, in the quantities used for anti- 
inosquito work, is harmless to other forms of life ; the particles are eaten 
by the anopheline larvas and act as a direct poison ; culicine larvae are 
not affected in the same manner as the surface-feeding anophelines ; fish 
are not lulled. The powder should he intimately mixed with one hundred 
times its weight of finely-sifted dry road-dust, talc powder, soapstone or 
powdered charcoal, and sown by hand, down wind, over the water at the 
rate of 170 grains of Paris green per ten square feet of water surface. It is 
estimated tW 1 kilo of Paris green is necessary for every 2^ acres. For 
rice fields a mixture containing 1-5 per cent, of poison is suitable. The 
length of time the particles remain afloat depends upon the surface tension, 
and the more plentiful the vegetation the greater this is. In A.merica 
(Western Tennessee and Northern Alabama), dusting machines have been 
invented for this purpose, and in large marshes the services of aeroplanes 
have been called on ; they fly at a speed of 60 miles an hour and at a height 
of 25-200 ft. One plane can cover 20 square miles a day with this sub- 
stance, and an automatic distributing machine is now used. The water 
current effectually aids in spreading the dust in a canal up to 3 ft. deep. 
Paris green was the principal larvicide used in the successful campaign 
against A. gamhice in Brazil. 

Greenglide, a preparation made by Craven & Co., Evesham, has an 
advantage over crude Paris green in that it will float for weeks. Its 
composition is : 

Arsenious oxide . . . 65*37 per cent. 

Copper oxide .... 31*12 „ 

Water-soluble arsenic . . 1*00 „ 

Copper sulphate is especially useful in tanks where water is stored fox 
drinking purposes and where sheets of algee are sheltering larvse. Its 
action is not direct upon the larvm themselves, hut is one of starvation 
by killing off their food supply. 

The prevention of mosquito breeding in uncovered and unscreened wells 
has peculiar difficulties. Oiling water with petroleum is apt to mar its 
taste. Williamson has recommended the liberation of gases and vapours. 
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Paraformal (3 oz. per square yard) vai)()i*izod at tlxo hotioin of a tliroo- 
foot shaft will kill awoplieline larva) in half an hour. Sulj)luir dioxide 
acts hy acidifying the water. When using gases, wolls shonld bo closed, 
and for this purpose a portable parachute to bo lowered iut«(> tliein has boon 
devised, Por anti-mosquito measures with iiiHccidcidcs, p. SOI. 

Larvivorous fish of some suitable local or well-known foreign species 
can be introduced. Pavouritos are the “millions'’ MUIious-lisli 
Lebistes retioulatus of the Indies), or top minnow,” (J ambus ia, \yhich is a 
surface feeder, capable of withstanding heat and cold, and also viviparous 
and cannibalistic. In pools, weeds must be cut away to give the lish access 
to the larvae. This method is efficacious in temple wells and pools in 



Fig. 10. — Mosquito-nettins, 25/Z6 holes to the sq, inch. 

{MacArthur, Jl. U.A.M,G.) 

Bombay against A, stefhmsi, and in the Adriatic Islands against A. 
mamlipennis. In J ava, by the introduction of a fish {Pv/fttiiis javanicus) 
which feeds on water-plants, the breeding of anopheline larvjB is frustrated. 

Mosquito-netting. — Mosquito-netting should contain 25 to 26 holes 
to the square inch (Pig. 10). The best is known as “ bobbin ” netWg, 
woven of 80's cotton (by which is meant that 1 Ih. of the thread will 
reach 80 times round a circumference of 840 yards). The square inch of 
the trade does not correspond to that of the mathematician ; it means 
that the count is made along two lines of holes which fall within the 
opening of one inch square. Therefore, there are some 150 holes to the 
square inch (Pig. 11 ). 

The main points in efficiency are that the holes should not h© too large ; 
that the net should not he so narrow as to permit knees and elbows to be bitten 
through the netting, and that the sides shonld be deep enough to be tucked in 
securely. When two sthgle beds fee used occupants q& be protected efficiently 
as follows: — ^The beds are placed close together and the intervening space 
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coTered with a sinp^le sheet, placed imitiediately over the mattress and beneath 
the other two sheets. The net itself should be suspended from the framework, 
or attached by tapes to rings hung on three wires and stretched across the room. 
When a mosquito is found inside the net it can be destroyed with ease by passing 
a lighted candle downwards about three inches from the insect when it will 
Jly back into the flame. If the edges of the net are not tucked in, they must 
be so weighted that they touch the floor, so that the insects carmot crawl 
underneath. 

During the daytime the net should be rolled up so that it contains no mosquitoes 
when set up for the night. Light attracts mosquitoes ; for this reason blinds 
should be drawn down before turning on the light. 

Application of dimethyl phthalate to wide~mesh nets, — The aperture may 
be ^ inch square and easily penetrable by mosquitoes; but, if netting is 
impregnated with this repellent it will exclude the pests. 

Screening of houses and barracks and other institutions by wire gauze is 
widely practised, especially by the Americans in Panama. The windows 
and doors are covered with wire gauze of a mesh fine enough to exclude 
mosquitoes ; 14 mesh screencloth of 30 I.S.W.G. will siifflce in most 
districts, but for A. minimus a 16 mesh of 28 
I.S.W.G. is necessary. In the former case the 
wire is 0*0124 in. in diameter and the aperture 
measures 0*059 in. Of the various metals used 
in the manufacture of screencloth, an alloy 
called Monel metal is the best and does not 
corrode in a damp climate. It is expensive 
and almost twice as dear as copper. The 
doors must open outwards or mosquitoes which 
have settled on the screens will be drawn into 
the house by anyone entering, and the screening 
must fit and be maintained so. 

Mosquito hoots of soft leather or canvas — or 
Wellington boots — protect the ankles and legs 
in the evening ; for ladies, a pillow-case drawn 
up over the legs and feet is a useful precaution. 

Anti-mosquito veils and gloves {or gauntlets with 
sleeves) are used to protect soldiers and others 
on night duty. 

For application of DDT to malaria control, see pp. 862-864. 

Repellents. — Earlier repellents to which objections were raised have been 
replaced by a mixture of synthetic substances such as Indalone, 20 parts, 
Rutger’s 612, 20 parts, and dimethyl phthalate, 60 parts. The issue is 2 oz. 
weekly for each man. During a shortage of other constituents (D.M.P .), dimethyl 
phthalate, gives the best results [Shetofax, B. W. & Co.’s proprietary preparation, 
is also based on D.M.P., as is also Dimeepol which contains, besides D.M.P., 
ethylhexandiol emulsified in a vanishing cream). During the hours of darkness 
the face and hands should be treated, but it should be kept out of the eyes. 
During the daytime it is necessary to repeat the application two-hourly. Where 
mosquito nets cannot be used, repellent fluid is used to impregnate headveils, 
sleeves and oversocks. These overgarments are made of fine string ‘‘ fish- 
netting ” which acts as a vehicle for the rejpllent. The impregnated netting is 
carried in a waterproof wallet with a cloth lining and re -impregnation is effected 



Fig. 11.— The correct 
method of counting the 
mesh of cotton netting. 
The mesh of this net is the 
sum of the counts made 
along the lines A B and 
A C, the hole at A being 
counted twice. {MacArthur, 
Jl, R,A,M,G.) 
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by Koakin^i; ihv clotli-linin^ oikv a \v<‘(‘k \rith .1 oz. of ro.p('ll<Mit lotion. Oiio 
(lra\ 7 bao.k'iK its solvent action on [)la.st.k‘s, (*Hf)(>nially art.iluMjil silk. Dihut-yl* 
phthalate is similar, more porsiskmt, but is loss rapid in a<‘iaon. 

Stearin cream gives 97 per rent, protei^tion for (‘1^1)1. liours. It is not greasy, 
but unstable. 


Stearin 

Water ..... 

Glycerin 

33 per cent, amnioniia in water 
Pryethrum extract 2% total pyrethrins 
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PHOniYL.AXlS OK MAbAKIA 

riie following terms must be dolinod: 

[a) Gauietocyte proplujlaxis. — Prevention of iidVction by the inos([uitu 
on account of the action of drugs on ihi’i ganiidocytes or tlunr precursors 
in the human body. 

[h] Causoil prophylaxis. — Prevoutiou of infociion by luiinau host through 
the action of drugs on the sporos^oites or upon iiik^niuHliiito stages of the 
malaria parasites in the body. 

[o) Suppressive proplixjlmis. — Prcwoiitiou of (lev(d()puieut of clinical 
manifestations of sub-patent infections by moans of the action of drugs 
on the asexual fornas. 

Chemoprophylaxis.— prophylaxis has In^on practisod by most 
residents in tropical countries for many years, but it has always been an 
open question whether its protective value had biu^n dt&utoly proved. 

Experimental evidence is rather puzzling. Yorkc and !Maofio showed that 
sporozoites, injected by an infected mosquito, remain unharmed, oven M'hen 
the subjects are taking 30 gr. of quinine diuly. Miihlens and Kirsehhauiu 
mixed malaria blood with a I : 10,000 quinine solution (loft in contact for 12 
hours) and were still able to infect a volunteer by inoculation and, nioroovc^r, 
Am^heUs maevUpennis developed oocysts after feeding on a malaria patient 
on full quinine dosage. 

Eight to ten grains of quinine hydrochloride were taken at sundown, 
two hours before retiring, daring tho malaria season. Kock’s systtuu was 
15 gr. twice weekly, or on two consecutive days at the week-cuul. 

Paludritie (proguanil) appears to be a go(j(l causal prophylactic in that 
it does not prevent penetration of sporozoites into tho skin, but destroys 
the pre-eryihrocytic stages (E.E. forms) of the malaria parasiiicw, li, is, 
moreover, non- toxic. The dosage is 0-1 grm. daily for 10 days. It is 
also an efficient suppressive chemo-prophy lactic in as low a dose as 0-1 grin, 
daily. The earher statements that one tablet once or twice wcvddy was 
sufficient have proved too optimistic, especially in West and East Africa. 
Daily dosage appears essential. It is more effective in subtertian tlian 
in benign tertian and prospective travellers should take 0*1 grm. paludrine 
fox at least 1 0 days before entering a malarious country. 

Daraprina (pyrimethamine), given weekly in a dosage of 25 mgm., 
afforded complete protection against overt malarial attack in a group of 
14 non-immime subjects repeatedly exposed to mosquito infection (A. 
stepJmsi) by a West African strain of F.faldparxm. The action appears 
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to be that of a true causal prophylactic against this species of parasite. 
The advantages are self-evident, though the belief that such small doses 
can produce such absolute protection would appear at present over- 
optimistic (Covell, Shute and Maryon, 1953). 

Chloroquine diphosphate (aralen), which is devoid of toxic properties, 
and apparently has few side effects, is now being extensively used by 
American troops and by civilians in West Africa. As a causal prophylactic 
one tablet of 0-25 grm, taken twice weekly suffices. At the present 
time there are few statistics on this subject. 

Primaquine (S.N. 13,272), an 8-aminoquinoline allied to pentaquine, is 
now under trial in American troops in Korea as a causal prophylactic and 
as a suppressant and can be combined with quinine. It has been tested 
out in Nicaragua and army hospitals in U.S.A. (Edgcomb et al 1950). 

Atebrin (mepacrine). — It acts more as a suppressive than as a causal 
prophylactic. For the latter, in order to be completely effective, the 
dosage ranges from 6-8 grm. given over a period of 22 days before, and 
some 30-60 days after, exposure to infection. Encouraged by the many 
reports upon the atebrin method of suppressing clinical malaria in Malaya 
and elsewhere, Bryant, Hill and others in West Africa (194:2) first advocated 
daily doses of 0*1 grm. on six days a week (Sundays excepted); ill effects 
were not noted and the protection afforded, especially against subtertian 
malaria, was most satisfactory. This was also shown in the surprisingly 
low incidence of blackwater fever. It was recommended that atebrin 
prophylaxis should be instituted at least one week before entering the 
endemic area and continued for one month after leaving for Europe. 

The important factor in causal and suppressive prophylaxis is the 
atehrin level of the blood. To be effective this should be between 25-30 
mgm. (y) (or 0-001 grm.) per litre of plasma, or 2-3-8 y per 100 ml. 
(25 ml. of blood are required for the test). Under active service conditions 
in troops, this level is much influenced by sweating or by too rapid elimina- 
tion in the urine. It seems that when once this level has been lowered, 
malarial infection can break through and parasites may appear in the 
blood in large numbers, but if atebrin is then given in therapeutic doses 
(0-6 grm. initial dose, followed by 0-8 grm. daily), the trophozoites once 
more disappear. 

Genebal Considerations op Drug Prophylaxis 

Clark and his colleagues, as the result of ten years’ experience of drug 
(atebrin) prophylaxis in Panama, concluded that even when it is given to 
all persons found infected at monthly surveys, it is impossible to eradicate 
malaria parasites entirely, when large numbers of pophelines^ are present, 
but severe clinical malaria can be eliminated, Field and Niven, on the 
other hand, have remarked upon the rapid reappearance of clinical malaria 
after the suspension of drug chemoprophylaxis and concluded that effective 
drug prophylaxis is not consistent with the acquisition of effective 
immunity. The chemoprophylaxis of blackwater fever is identical with 
that for malaria. 
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Inoculated or therapeutic malaria.— Follow’-ing work of \V'agiu>r. 

Jauregg of Vienna, the treatTncnt of general paralysis of the insane and other 
grave nervous disorders includes the iniootioii, subcutaneously or intrainiiseulnrly, 
of 1 to 2 ml. of blood containing benign tertian parasites, with cu)ns<H]uont 
production of attacks of malaria in the person thus injected. The Ix'st rosultfl 
are obtained with blood which has been immediately defibrinatcHi and kept 
in a thermos tlask at freezing- ])oint. It is most important that P. vlvnx and 
P. ovale strains should be used ; deaths have occurred from iiuxMilation with 
certain strains of P. falciparum, though others in James’s hands have proved 
beneficial. Favourable results have been recorded in Vienna IVoni the employ- 
naent of Spirochccta duttoui of relapsing fever in place of malaria. 

Therapeutic malaria may also be produced hy the bite of atn infected 
mosquito or by the actual subcutaneous injection of the oJCtra(di of the salivary 
glands containing sporozoites. Contrary to the opinion formerly held, it has hc^cn 
shown that itiocuJation of sporozoites from the salivary glands of one infected 
anopheles will produce in some persons quotidian rigors duo to parasites sporida- 
ting within a day of each other. In many eases, also, after an i niuibat.ion pcM-iod 
of 7-10 days, the onset of the malaria attacks is characterized, not V)y typical 
intermittent fever, as soon in Charts 1, 2, but hy urcmi/tent fever whicdi may ptu’sist 
for a week or more before becotning frankly intmuiltcni (Chart 5). T’his ftiature 
appears to have been noted in the historic inoculation oxjKM’imontH orighmlly 
carried out by Manson and Orassi. Kitchen and Putnam (ll>4()) (h»Hcrihc the 
onset as cliaraotenzed by a few days of coiitinuous-roinithuii l'ev<T, (piotidian 
or tertian intermittent, or by a combination of both. JlogardloHS of type of 
onset most P, vivax attacks (iominouco and contiiiiio with cpiotidian periodicity* 
One objection to the 'use of benign tertian malaria is proclivity to quotidian 
fever, which is extremely exhausting to debilitated patients. Injoctiotis of 
thio-bismol, 0-2 grm., have been shown by a number of observers (Schwartz, 
Brunsting and Love, Cole, Whelen, and Shute) to have the property of destroying 
the half-mature schizonts of P. vivax^ thus eliminating alternate cycles, and of 
transforming a quotidian into a tertian fever. (Thio-bismol is the trisodiuin 
salt of bismuth thio-glycollio acid — ^Bi (SCH 2 COO Na)3 — and contains 38 per 
cent, metallic bismuth.) The optimum time for injections is about the fourth 
day. During the incubation period it has no eifect ; a similar effect has Ix^en 
shown on quartan by Kaplan (1946).^ The results of thorapoutic malarial 
treatment have, according to Yorke and Maofie, been favourable : 27*4 per cent, 
of general paralytics were regarded as temporarily cured, while in a further 
20*2 per cent, great physical and distinct mental improvement was observed. 
It has been proved that stabilization takes place so that re-adaptation to family 
life and social responsibilities is possible. In other forms of cerebro-spinal 
syphilis, it seems as if malaria therapy acts as a mordant for specific medication. 

Shute has maintained a Madagascar strain of P. vivax through nuui and 
mosquito over a period of 21 years. The number of anopheles infected was 
24,361 and patients infected 1,739 over eight years. 

In inoculated infections disinfection by quinine, paludrine or atebrin is extra- 
ordinarily easy. To effect a complete .cure, the amount of quinine administered 
varies from 45-150 gr. and about 3 grm. of atebrin. Relapses after subcutaneous 
inoculation with B.T. quartan or ovale after treatment are almost unknown, 
while in naturally-acquired malaria they are common. It seems, there- 
fore, that malarial infection produced by the injection of sporozoites is much 
more long-lived and much less amenable to quinine and can now be explained 
by the existence of E.E. forms in the liver. Valuable information about 
the failure of quinine to act prophylactically has also been obtained. The 

^ Injectaona of neoarsplienamiino have a similar effect. 
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administration of quinine in 10 gr. 
solution daily for five days before, on 
the day of, and eight days after the 
bite of infective mosquitoes fails to 
prevent the development of malaria ; 
similar results have been obtained in 
cases where 30 gr. in solution were 
given on the day of feeding infective 
mosquitoes and on each of the two 
following days. These experiments 
show that quinine has no action upon 
sporozoites injected by the mosquito, 
and they remain virile after immersion 
in quinine suspensions 1 : 2,500 for 
four hours ; on the other hand the de- 
velopment of malaria can be prevented 
by 1 0 gr. of quinine daily taken for ten 
days after the infecting bites, but this 
does not prevent long-term relapses. 

« N&pkrom treaied hy mcdaria. — The 
effect of inoculated malaria on ne- 
phrosis is essentially the same as 
th^t of A-C.T.H. Neplirosis, in its 
earlier stages, may be reversed by 
these means. In one instance A.C.T.H. 
did not provoke a remission, although 
malaria subsequently did. Lipoid 
nephrosis is also favourably influenced 
and the cedema is cleared up by 
diuresis (Gairdner and Byrne, 1952). 

Artificial infection of susceptible 
species of anophelines, and tech- 
nique employed, — Tor the produc- 
tion by mosquito bite of malaria 
infection in general paralytics wild- 
caught mosquitoes obtained in country 
districts free from malaria may be 
used, but it is now usual to breed them 
in insectaries, allowing them to obtain 
blood meals from .guinea-pigs. The 
insects are collected one by one in a 
test-tube and transferred to a mos- 
quito cage. When about 300 have 
been caught, a waterproof cover is 
drawn over the cage, which is then 
taken to the laboratory. After re- 
moval of the cover, the cage is placed 
in an incubator at 23° C. for twenty- 
four to forty-eight hours in order that 
blood in the sbomachsofthe mosquitoes 
may be digested quickly and that they 
may be ready to feed upon the in- 
fecting case. It is essential that the 
peripheral blood should contain male 
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and female »finietocyl.es iti tiie ripe stage ; the iiialo forms should “Hagcllntc” 
readily in a inoist-cliaiiiher |)reparation of freshly-drawn lilood {see. p. 107(i) . 

In artificially-inoculated malaria oases, in order to produce, for example, 
a sufficient number of gamctocytes of benign tertian, James found it best to 
permit the patient to have a number of (ten or more) attacks of malaria before 
administering a small dose (5 gr.) of quinine. A remission of fourteen to 
seventeen days will occur before the next attack, when gamotocytos in the 
right stage should be abundant in the pmipheral blood. ’ When it has been 
deteimined tbat gaiuetocsytes in the bloorl arc suflicientlv^ nuiuerou.s and 1 * 11)0 to 
ensure infection in Uie mosquitoes (not less than 20 male and female parasites 
per c.mm. of blood for P. imax: 50 or more for F. J’lrlrijMirmii) the inosepuitoes, 
empty of bloody, are collected in large caps and fcraii.sforred to glass feeding jars 
(.50 in each). The malaria-strieken patient is laid flat on hts biwk and a hot 
water bottle is placed against his thigh which enconrage.s tiu! )moK(|uit()<'s to feed 
Pour to five feeding jars arc held in position against tlu* l(>g of tlu^ patient foi’ 
twenty minutes to half an hour. The jars of mo8quitoo.M are immediaf.iilv taken 
to a heated laboratory at 25° C. The mosquitoes are thi'u rehvvsed frinn iai's 
into a small cage measuring 1 ft. (30 cm.) cube. By the aid ol’ artilieiiU litrht 
those mosquitoes filled with bright red blood are transferred to a large cage. Tlu^ 
follovying day 2--3 are dissected, blood smears are made from tbi', bhxxl elot and a 
search is made for ookinetes. Blood films are taken and kept in a moist eluimber 
for fifteen minutes to enable male gametocytes to bo tested for “ ripme.ss ” and 
fertilization of female gametocytes to take place. From the third day after 
the batch has ted the stomphs of a few mosquitoes are disiiected daily till the 
oocysts rupture and sporozoites are found in the salivary glands. 

^ In the ease of P. vimx the number of female gametocytes required to produce 
infection in A.m.. atroparvm is between 6-12 per c.mm. of blood, but in order to 
produce a reasonable infected batch, 100-200 ripe gametocytes per c.mm. are 
necessary. Many more gametocytes may be present and as many as 1 ,000 oocysts 

mosquito. As each oocyst may contain as man v 
as l.OOO sporozoites, such a mosquito may contain as many as one million sporo- 
zoites in its tissues. In primary oases of F. vivax malaria gametocytes are seldom 

tenfb f f and reach their maximum between the 

tenth and fourteenth days. The optimum temperature for dovelopmmit of 

ivhr'n 0 “ f mimmum is 16“ C. 

wneii tlie cycle takes thirty days. 

^ Mosquitoes which are infected with hundreds of oocysts retain their abilitv to 
transmit malaria for at least one month (Shute). 
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HUMAN TRYPANOSOMIASIS 

Definition. — Diseases produced by parasites of the genus Trypanosoma, 
characterized by irregular and chronic fever, skin eruptions, local oedema,, 
adenitis, physical and mental lethargy, and sometimes death. The 
trpanosome is spread by the tsetse flies {Glossina) in Africa, and by 
winged bugs {Beduviidce) in Central America. 

The trypanosomes are blood parasites which are widely distributed in 
animals, especially in big game, in the countries in which these diseases 
occur. These animal hosts act as reservoirs of the trypanosomes which 
cause disease in man. The geographical distribution of African human 
trypanosomiasis is shown in Map I ; that of the South American in Map II. 

I. AFRICAN HUMAN TRYPANOSOMIASIS 

Geographical distribution (Map I) — The distribution of human 
trypanosomiasis (sleeping-sickness) corresponds roughly with that of the 
tsetse flies, Glossina palpalis, G. tachmoides and G. niorsiims. It is found in 
scattered areas in French W. Africa, on the Oamhia, in Sierra Leone, the 
Gold Coast, Nigeria, Cameroons, the Southern Sudan, and Uganda ; but its 
main stronghold is along the waters of the Congo and its branches. The 
most southerly focus in Africa has been found in the Okavango and Chobe 
swamps in Ngamiland, on the borders of the South African Union, 
Rhodesian sleeping-sickness is mainly confined to East Africa. The 
following is a detailed summary of the known distribution: — 

Distribution of Sleeping Sickness (Trypanosomiasis) in Africa 

In French West Africa. — T. gfamiieme prevails. G. palpalis and G. tachinoides 
are vectors. 

Senegal to 30 miles North of Dakar (Sangalkam). — In South Casamance, 
Sin6‘Saloum and on Minor Coast. 

French Chiinea. — ^Lab^ Mamou in Fouta Jalon and in forestal regions South 
and West of Kissidougou and North Gueok4don. 

French Sudan— Mong Bani River. Smaller foci near Black Volta River, 
South of Bamako, along Niger and tributaries, Senegal River and tributaries. 

Figer, — In extreme South on Niger River between Say and Boumba, district 
of Tamou. 

Ivory Coast (Upper). — Ouagadougou, Koudoxigou, Yako, Bobo-Dioulasso, 
Banfora, Gaoua, Diebougou, Batie I^mpta. 

Ivory Coast (Lower). — Province of Man. 

Dahomey. — ^Tau4ka-Koko, Dompago, Djougou Division of Parakou Province. 

Togo, — On border of Dahomey, North East of Sokode. — Banks of Binah, Kara, 
Pakdlou, Poundja and Zinah Rivers. 

Portuguese West Africa (Angola). — ^North districts of Zaire, Congo, Cuanza, and 
Lunda. Coastal districts at Benguela, Lobito, and Egito. G, morsitans found 
in East Angola. 
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Portuguese Guinea.— MUdly endemic, (f. imlpaliii luid G. siihmorsitayis 

widespread. , , i 

Islands of San Thome aid Introduced Ironi Angina in 1907. 

Bepressive measures — slaughter of wild pigs. In 1915 I^’inoipi; fr(‘o Irdin try- 
panosomiasis. 

Spanish Guinea, — ^Utamboni, Muni Bivers in South, Beni River in North, 
Estuary of Benito River and Aye River. 

Island of lermndo Po.—G. palpaMs conuuon. In 1919 try p< )inoa(>miaHiH 
was widespread. 

Mberia.— In East Province between St. John and Sangwin River. In 1940 
epidemic in Kissi tribes. 

British W est Africa 

North Bank Province in Lower Baddilu area ; South Rank Province 
— Bintang-Bwiam, Kanfinda-Sintet areas, also Bathurat, Kimbo St.Mary Priwinco, 
MacCarthy Island, and Upper River Provinces. G. pcilpalis, G. iachinoides atid 
G. morsitams common. 

QoU Coast. — ^Number of cases increased since 1925 — favourabh^ (‘onditions 
produced by deforestation. Highest incidoiico — Kuina-si, Beilovai, Yondi, flam- 
baga, and Navrongo. 

In Northern. Territories, in Burifoo, Nadawli, border nivii betwocui Lawra and 
Tumu, South Mampmssi, Kusasi and Kamba valleys. 

Sierra Leone, — Endemic on Sherbro Island. Chief zone is Kailaliun district in 
Kissi tribe. 

Nigeria, — Infection rate 2-2 per cent. Contml — ^Zaria, Nigt^r Jh’oviiKiC, South 
part of Katsina and Kano, parts of Benuo, Bauchi and I^latean l^rovinces. 
Recently South Division and Jemaa, 

In North G. tachninoides ; in South G. palpuUsj 0, nmrsitwis and Q, suh- 
morsitans, 

Cameroons {Mandated Territory). — Along tidal crooks, up Mongo River in the 
Tiko area. In Cameroon Mountains, 20-40 per cent, of natives infoc‘.ted, 

French Cameroons. — ^Upper Nyong focus is cradles of disease. In West region 
two centres are Noun and Mungo. 

French JEquatorial Africa. — Well distributed ; chief centre, Moyon Congo. 

Gabon, — ^Ln Estuare department S.S. has increased since 1933, especially at 
Libreville, also in districts of Nyanga,Ngorini<^, Wolou-N’-Tem, Ogoou6-Maritiine, 
Adoumas and Bjouah. 

Moyen-Cmgo, — ^Haute-Sangha near South East boundary — subdivisiem of 
Nolar— most severely infected areas in Equatorial Africa — 20 per cent, infeoted, 
also subdivision of Sibiti, in Niari and the Dongou subdivision in Lower Oubangui 
area. 

Ubangi-Shari — Ouham worst infected department, also Kemo-Qribingui. 
Poci also in Z6mio and Obo in Haut M’ Bomou, Lobaye, Onibella-Mpoko, 
Ouham-Pende, Ouaka, and Basse-Kotto. 

Chad.—MoyGXi Chari along the main river in South West, in Niollim district, 
to North West in Logone, in subdivision of Moundou and Doha, in Baibokoutn, 
and focus in Kasser oantonjfbetween Port Lamy and L. Chad. 

Bdgian Congo. — ^Uneven in aU provinces. Large areas free in centre North and 
North East of Stanleyvifle, on Katanga plateau to the South. T, garnbiense 
prevalent, but T. rhodesijense suspected in Bukania- In province of Ldopoldville, 
along Congo to Kwa, ^Llong ICasai River, in Kwango to Moyen Wamba and 
East ^ to Kwilu. i^ovince of Lusambo vast endemic area. In Province of 
Coquilhatville S.S. is regressing, in Stanleyville stationary. Region of Lake 
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Albert has remained free from infection for five yeai’s. In Oostermansville resnlts 
of control favourable, but large foci still remain along Lualaba, and Kongo- 
Kindu railway. In Province of ElizabethviUe increase of endemicity on the 
Lualaba, but some regression on L. Tanganyika. 

EuaTida-Ururdi {Mandated Territory), — ^Notable regression in recent years. 
Infected areas confined to narrow strip below 11,000 metres along Ruzizi River, 
bordering the East shore of L. Tanganyika. 

Anglo-Egyptian Sudan. — Confined to South district of Equatoria Province 
where G. palpalis fuscipes is found. Poci are Tembura in the Zande district of 
the Yubn River close to the West border of Prench Sudan. G. morsitans in I^uba 
Mountains, (?. submorsitans and 6. palpalis on Yubu and Sueh River. 

British East Africa 

Uganda. — S.S. appeared in epidemic form on shores and islands of Lake 
Victoria in 1900 ; reduced population of 300,000 to one third. Epidemic arrested 
by removal of population. In 1019 milder epidemic in Madi district of the 
Albert Nile and spread to West Nile district. Now West Nile and Koich River 
area chief focus. Minor foci in Gulu, Madi and Chua districts, and in Lake 
Edward-George area. In 1041 cases discovered at some distance from Lake 
Victoria, probably due to T. rhodesiense. In 1942 small epidemic in Busoga 
district spreading to Central district and across Kenya border. Buvuma Island 
South of Jinga also infected. Investigations suggest that here G. pallidipes is 
vector of T. rhodesiense. Other species G. palpalis^ G. rnorsita7is and 0. fusca. 

Kenya. — S.S. introduced from Islands of Lake Victoria and reached South 
Kavirondo in 1906. Now found in Central and South Kavirondo districts of 
Nyanza Province, mostly in Kadimu, TJyonia, Seiuie, Port Victoria and Kania- 
doto. T. gamhiense chief parasite, G. palpalis, chief vector, also 0. swynnertoni. 
In South Kavirondo Q. brevipalpis and G. pallidipes. 

Tanganyika Territory. — Up to 1922 T. gamhiense was trypanosome recognized 
and G. palpalis vector. Prom that time Rhodesian type recognized East of 
Mwanza where 0. morsitans and O. swynnertoni abound. 1938-1940 increasing 
number of cases in North Province. At present S.S. found — Central Province — 
Singida ; East Province — Ulanga ; Lake Province — Mwanza, Musoma, Bihara- 
mulo ; South Province — Liwale, Masasi, Tunduni, Songea ; West Province — 
Kahama, Tabora, Kigoma, Ufipa ; Sotith Highlands Province — Chunya. Eleven 
fly-belts arc recognized. Great Western belt extending North West to Uganda 
border and South West to South end of Lake Tanganyika ; Great East belt 
passing to Portuguese East Afiica and North to Kenya. 0. morsitans found in 
half the territory. 0. sivynnertoni in North zone in thorn woodland. G. pallidipes 
widely dispersed in pockets. 

Nyasaland. — In view of numbers of tsetse small numbers of cases of S.S. 
surprising. Infected areas in Kota Kota in South Nyasa. Q. morsitans wide- 
spread. Trypanosome is T. rhodesiense of reduced virulence. 

North Rhodesia. — In North trypanosome is T. gamhiense conveyed by 0. 
palpalis. In South it is acute Rhodesian type — T. rhodesiense conveyed by 
G. morsitans. Increase in 1 935 near Mumbwa to West of Livingstone-Broken 
Hill Railway. Luang wa Valley constitutes endemic focus. Gambian form in 
the extreme North in Abercorn district, near shores of Lake Tanganyika, mainly 
in village of Mbete. 

South Rhodesia. — T. rhodesiense S.S. near Busi River in Sehungwe district. 
In 1942 oases discovered near Ohirunde on the Zambesi River in the Lomagundi 
fly-belt. Main tsetse in G. morsitans. 
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South Afiim—Bechtaruiland Protedorate.~~ln Ngainiland in North S.S. 
(local name Kgotsela) known since 1908. Tsetse belt in Okavange and Ohobe 
swamps. Trypanosome — T. rhodesieiise and 0, morsilans vecdor. Now chief 
focus is Tsau-Crwedau area. 

Portuguese East Africa — Mozambique. — S.8. duo to T. rhodmeme on slioroa of 
Lake Nyasa. Q. morsitanst vector, is widespread over area boimdod by Lake 
Nyasa in West, Lovunia Eiver in North, and Lucholingo River in Soutli lOasi,. 
In South Catur and Madimba. 

Abyssinia. — S.S. thought to exist in low country South and West of Addis 
Ababa. 0. palpalis and G. morsitams occur along tributaries of A(iobo and 
Chibise Eivera. G. pallidipes also. 


Gambiknsk Bicknkss 

^Etiology, — Neither age, sex, occupation, nor race per se has any 
influence on the susceptibility to trypanosome infection, except in so far 
as those factors conduce to opportunity. Thus, Schwetz found a baby 
of twenty days old infected in the Belgian Congo. Occupation (boat- 
men, fishermen, water-carriers) conduces to infection, if it entails 
frequenting the wahnside haunts of the glossina. In coinnion with other 
trypanosomes, T. gavibiense (Fig. 12), as seen in fresh blood, is an active, 
wriggling organism, having a spindle-shaped body which is slightly 
compressed laterally and spirally twisted. Dividing forms aro some- 
times met. 

^ There is no uniformity in the nuinher of parasites in the blood ; sonio- 
times they are fairly abundant, one or two in each field of the microscope ; 
at other times, and in the same patient, it may he difficult or impossil)l(b 
even after prolonged search, to find a single specimen ; in some instanc('H 
they tend to recur cyclica ly at intervals of a week or more. On the wholes, 
although with exceptions, the parasites are most abundant in the blood 
during the febrile attacks. Apparently the blood is not their only or their 
principal habitat. They are usually found easily in enlarged lymphatic 
glands, and have been seen also in the eerebro-spinal fluid, serous cavities, 
and m the substance of the solid organs; including the brain, where they are 
distributed throughout the tissues outside the- blood-vessels. 

The parasite may be cultured on N.N.N., or better still the Bazgha-Reichenow 
medium. Eeichenow (1940) produced a culture in which 70 per cent, had 
lost their blephaioplast after treatment with trypflavin, but all the survivors 
retained this structure suggesting that it may be necessaiy for cyclical trans- 
mission. The trypanosomes are maintained in culture at a relatively low 
temperat^e for several months, but development does not proceed beyond a 
stage similar to that in the proventriculus of the tsetse when they are not infective 
to animals. Developing hens eggs have been used as a med ium with some success. 
It can usually be inoculated into most mammals, including all the ordinary 
domestic and laboratory animals, and is especially pathogenic for the rat, but 
shows considerable variations in virulence. Monkeys, especially Erythrocebus 
patas, and dogs are susceptible, while amphibia and reptiles are immune. 
Inoculation of susceptible animals may be used to demonstrate the pa,ra.sitc s 
when they occur in very scanty numbers in the peripheral blood, and is sometimes 
successful in those rare oases where they cannot be found after careful micro- 
scopical examination. 




Glossina lachindldes Westwood. 9X6 (From Austen) 

TSETSE-FLIES 

(By pertnission of the British Museum (Natural History)) 

Plate IV 
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As shown by Lav'eran and others, these trypanosomes undergo agglomeration, 
both in blood and in artificial cultures, when exposed to unfavourable 


biological conditions. 

TTow long a trypanosome infection may 
been definitely determined, but there is 
direct evidence that it may continue 
for many years. From what we know 
of the incubation period of sleeping- 
sickness, it is not improbable that this 
period may extend to seven years or 
longer. 

Transmission. — T. gambiense is not 
usually transmitted hereditarily in 
human beings, although the organisms 
have been found -in the placental 
blood of infected rats, as well as in 
the livers of their embryos, but as in 
malaria and kala-azar, intra-uterine 
congenital t.ransmission has occasion- 
ally been noted, and in Germany 
there is a record of one case in a 
European child born in Hamburg 
(Mtihlens). 

In the French Congo, Darr4 and his 
colleagues recognized hereditary try- 
panosomiasis and demonstrated try- 
panosomes in the cerebro-spinal fluid 
of a child born of an infected mother. 
David and Pape (1942) described two 
cases in the French Cameroons where 
transplacental transmission was estab- 
lished, trypanosomes being found in the 
blood of the infants as well as in that 
from the umbilical cord. 


in the human body has not 



Fig. 12.— Life cycle {ilTryparwaonLagam- 

hiense and T. rkodesmh^e. (After 0. A. 

Hoare.) 

1 — j. 'Trypaao3om.es ia human blood (1, Long’ 
slender form ; 2. Intermediate fonn ; 3. Short, 
stampy form; 4. Stumpy form with posterior 
nucleus). 

5—^. Stages in the tsetse fly (trypanosome 
fonns 5, in stomach, and 6, in proventnculus; 
7, Crithidia, and 8, Hetacyolic trypanosomes in 
salivary glands). 

Bed blood-corpuscle drawn to scale. 


Bole of the tsetse fkj as transmitting agent. — There is no evidence that 
biting flies other than the tsetse are concerned in the spread .of human 
trypanosomiasis, but there are apparently two methods by which this fly 
is able to transmit trypanosomes : (1) cyclical, and (2) mechanical. 

(1) Cyclical iransviission. — As originally demonstrated by F. K. Kleine 
in 1909, T. gambiense undergoes an endogenous cycle of development in 
the circulating blood of the vertebrate. Certain short forms are regarded 
as the adult or metaoychc type, and they alone are responsible for carrying 
on the exogenous cycle. When ingested by the fly trypanosomes first 
multiply in the mid-gut ; if the contents of the intestine at this stage 
are injected into the susceptible animal, they do not convey infection. 
After a cycle of development, lasting 12-29 days, the infective forms 
of trypanosomes congregate in the sahvary glands. An important part 
is played by the peritrophic membrane lining the gut of the fly. (For 
further details, see p. 906.) 

Cyclical transmission is influenced by the numbers of trypanosomes m 
the blood, by the host and by the blood plasma ; it is diminished in 
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chronic tiypaiiosonriasis, in drug rosist.anco iwid in oxallod virulonce of 

T. gambiense. _ . ,, , ,i 

There is no doubt now that transmission onliniirily occurs throunfu the 
bite of infected Hies, iiypauosoines i>assin,i,^ through the salivary duct as 
do the sporozoites of the iiuilaria parasit(». IHio adaptation of T. ijmnblmse 
to G. 'palpalis is remarkably spocilic lu Wostoni Nigoria and in certain 
districts of the Gold Coast, ho^vovcr, (Uossina iachvwiile.it is tiaturally 
infected and is mainly responsihlo for o[>idomios o[ sleiping-sicknosH in 
those countries. There is no oviilenco that the tsi'tso can traiisinit tho 
trypanosome to its offspring. 

Van Hoof, Heiirard and Pool foinid that tlio index of cy(‘.lic-al trans- 
missibility of trypanosomiasis on tho (kuigo can he calculaitvl hy tho 
formula : 


I 


g w X 1 00 


where - 


I = index of cyclical transmissibility. 

g = number of glossiiia with trypanosomes in salivary glands. ^ 
i = number of glosaina wliich after tho fifteenth day oi the experiment were 
found to harbour trypanoaonios. 

n = the total number of glosaina found during the whole oxp(‘riment. 

N = number of glosaina dissected during tho oxporiinent. 

The mean index of transmissibility for tho Congo is ; tho index of 
infectivity is 6*17, and the metacyeiic index is ()*dl per emit. 

(2) Meclimical tra^isniission, — I)iiko, in Ugmnda, suggi^stsul on epidemio- 
logical grounds that mechanical tiuiisuussiou hy gloHsiiia of a virulent 
strain of T. gambiense from inau to iium miglii he ri^sponsiblo for some 
epidemics, 

Reserwir-ifiosts. — In the plateau province, Nurtlu'rn Nigeria, Thiylor 
found that, in the absence of game and suitable aquatic reptiles, which 
form normal buffers, the fly feeds for the most part on inau- Shade, 
which is only found near villages, is also important. Tliose two factors 
combine to bring man and fly into close contact, and the rate of trypano- 
some infection of the fly is correspondingly high- In Uganda the same 
conditions obtain. Wild game may sometimes act as reservoirs. It has 
been proved that eleven common species of antelope (bushbuck, reedbuck, 
and waterbuck) can be inoculated with T. gambiense by subjecting thorn 
to the bites of experimentally-infected tsetse flies ; furthermore, it has 
been established that certain marsh-haunting antelopes, especially tho 
situtunga—Speke’s antelope {lAmnotragus spekei) — are commonly infected 
under natural conditions with T. gambiense. Thus, Duke found that they 
remained infected in the islands of Victoria Nyanza four and a hah years 
after the evacuation of the human population. 

Domestic stock must be now considered as a reservoir of infection for 
man,^sjhioe T. gambiense has been found by various observers in oxen, 
goats and sheep. Van Hoof has- stated that in the Belgian Congo domestic 
pigs form ideal reservoir-hosts, but show no obvious ill effects themselves ; 
further that the strain remained infective to man after 10 transmissions 
through those animals during the period of one year. 
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pw 14 , — Photomicrograph of frontal lobe of brain in sleeping-sickness, showing 
trypanosomes in grey matter- (Dr» A. (7, feuerwon, “ Tra%s. JRoy, 8oc. Trof- 
Med. and Eyg'^) 



iu HUMAN TRYPANOSOMIASIS 

Pathology. —TI jo cliiof luaidus aro iu Uk^ lym})liiitic glands of ibo 
neck, siibinaxillary region and inesnniery and in tlio centnil norvous 
system. 

Central nermits system .— pathological lesions are seen only 
Avhen pathogenic trypanosomes have invaded the central nervous system. 
No gross lesions of the nerve centres are present, but there is progressive 
chronic leptomeningitis, especially in the Virchow-Robin spaoo (whore the 
pia runs alongside the blood-vessels and the fluid acts as lymph), and also 
on the vortex (Diirck’s nodes). 

The dura may be adherent to the skull and to the arachnoid. The 
brain itself is congested and oedematous, the surface smooth, with con- 
volutions flattened by increased pressure. The consistency of tho brain 
tissue is unaltered, except for softening around any hiiunorrhagos tliit 
may occur. The ventricles are distonilod with lliiid. In all cases thorc^ 
is perivascular lymphatic tissue (perivascular culT) throughout the brain 
tissue and meninges, varying in amount and in dilhTont anatomical 
regions (Fig. 18). The invading culls are glia culls, Iy]n})hocytes, tln^ 
morula (Mott) and Marslialko cells. The two latter typos aro d(^geu(^rative 
plasmocytes. Morula cells stain deeply, with unilateral oval uiiclous 
and vacuolated protoplasm. Marslialko cells are largu plasma cidls with 
a blue polar zone round the nucleus, with surrounding halo and acido- 
philic protoplasm. 

As originally demonstrated by Wolbach in experimental animals and 
bv Stevenson in man, in advanced cases, li^sions in lynijihatic glands and 
in brain are caused by invasion of tho solid tissm^s by trypanosomes 
which have migrated from the bloodstream. In tho brain they liaye 
been found mainly in the frontal lobe, })()us and medulla, aggregated 
together in masses or nosts without definite relation to blood-vessels. 
Myelin lesions of the brain have boon described by Van Bogaort (1986) 
(Fig. 14). The organisms also invade tho corebro-spinal fluid; they enter 
the canal from the choroidal plexus whero they congrogati^ as Poruzzi 
has shown, in active stages of division. Optic atrophy due to trypano- 
somiasis has been recorded. 

The essential pathological features of cerebral trypanosomiasis recall 
a somewhat similar condition in general paralysis of the insane and dis- 
seminated sclerosis. Thus, the lumen of the vessels is contracted and the 
walls thickened. The cells of the spinal cord usually show fewer changes 
than those of the medulla or cortex. The endothelium of the capsules 
of the spinal ganglia is proliferated and there is inlilfcration of the trabeculae 
with lymphocytes and plasma cells. The spinal canal may even be blocked 
by cell proliferation. The cerebro-spinal fluid in early cases is under 
increased pressure (30-100 cm. of water); the total proteins being very 
much increased, to 1 grm. per litre (normal 0*2 gnn.). 

The cells are increased to 15 to 600 or more per c.inm. (normal 2-8) and 
comprise lymphocytes, mononuclears, morula cells, eosiiiophiles and 
trypanosomes. 

There is glomerular nephritis, leading to fibrosis, also a 
generalized proliferation of the reticulo-endothelium in the capillaries. 
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Heart . — Ecchymoses and even large haemorrhages in the epi- and 
endocardium have been observed. Perazzi has shown (in the pathology 
of experimental trypanosomiasis in monkeys) that severe myocarditis is 
frequently present and is due to masses of trypanosomes within the 
muscle cells. 

Liver . — There is spoiling of parenchyma cells, probably from toxic 
absorption, associated with depletion of the blood sugar. 

Lungs . — These are characterized by intravascular proliferation of the 
reticulo-endothelium, which may block the capillaries with fibrosis, and 
collapse of the alveoli. 

Bone ^narrow . — The fat is reduced and the whole tissue may be gelatinous 
and homogeneous. 

Skin . — Localized oedema, due to collections of lymphocytes, is observed 
in the eyelids, perineum and skin of the back. 

The spleen is slightly enlarged. The Malpighian bodies are few and incon- 
spicuous. There is a general proliferation of the reticulo-endothelium, congestion 
at the periphery of the splenic sinuses, often focal necrosis with endothelial 
macrophages and ingested red blood corpuscles. Giant cells have been observed. 

Lymphatic tissue shows general hyperplasia. The glands are enlarged, soft 
and fusiform, with great proliferation of the lymphocytes. At first there is 
increase of large mononuclear cells, lymphocytes and later fibro >lasts. They 
are very vascular, with small haemorrhages containing trypanosomes (which 
can therefore be easily demonstrated by gland puncture). 

The blood shows definite anaemia due to toxaemia and erythrophagocytosis. 
The haemoglobin is reduced and colour index below normal. There is usually 
auto-agglutination of red cells with rouleaux formation (cold agglutinins). The 
alkali reserve is diminished and blood sugar low. 

Symptoms. — The incubation period of the glossina-conveyed disease 
and that resulting from direct artificial inoculation seem to be about the 
same, from two to three weeks in dogs, horses and monkeys. From 
experience of infected Europeans, in whom the dates can be controlled, it 
appears to be about fourteen days. The bite of an infected glossina 
is followed, in a proportion of cases, by local irritation of greater or lesser 
severity. This has been called the “ trypanosome chancre ” and is 
described as a red nodule surrounded by a white waxen zone. It subsides 
in a few days, to be followed, sooner or later, by fever, which may last a 
week or longer, and may be accompanied, in Europeans at all events, by 
a peculiar type of erythema and a certain amount of serous connective 
tissue infiltration (Plate VII, Fig. 1). The trypanosomes appear in the 
peripheral blood about twenty-one days after the infecting bite. A form 
of hypersthesia, known as “ KerandeFs sign,” is usual, though not 
invariable ; when the patient strikes any bard abject he suffers discomfort 
amounting to actual pain after a slight delay. In time the fever subsides 
more or less completely, to recur at irregular intervals of days or weeks. 
It is sometimes mild, sometimes severe, and occasionally hyperpyrexial 
(106*6® F.), the evening temperature being always the highest. It may 
last for weeks and the apyrexial period may be equally prolonged, or it 
may be continuous. The fever and all other clinical manifestations of 
trypanosomiasis are irregular in intensity and duration. In time the 

5 
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patients become <lebilitiited, antcmic and feeble, both intellectually and 
physically. The spleen is usually enlarged. Severe temporal hi->adaoho 
is very often present. The heart’s action is generally rapid and easily 
excited and persistent tachycardia affords an excellent index l,o pcrsisteufr 
infection. The cervical glands and those of other parts of the body enlarge 
and may become tender. Only one gland may bo visibly involved, or there 



FJ?. IS.— Enlargement of cervical lymph-glatids In trypanosomiasis 
(Winterbottom’s sign). (Dr. F. £. Eleim.) 


may be polyadenitis, including the abdominal group. The implicated 
glands may be very prominent, or not easily felt, but are usually most 
conspicuous in the posterior triangle of the neck (Winterbottom’s sign) 
(Kg. 15). In the early stage of the infection they are soft, later indurated | 
sometimes they are painless, sometimes distinctly painful and tender, 
rarely suppurating. This eonditiou of irregular fever, of debility, of 
polyadenitis, of s%ht ansemia, may go on for months, or even, in some 
instances, for years. At this stage there is usually insomnia and lack of 
concentration. 
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A proportion of cases may then terminate. Since this disease undergoes 
at various stages periods of quiescence, "which may be very prolonged, 
it would be rash to call any instance of apparent recovery a radical cure. 
But experiments and observations by Laveran and others in other forms 
of trypanosome infection, as well as some cases in Europeans which have 
come under the Editor’s notice, justify the belief that occasionally the 
parasite does die out spontaneously. 

In a given area and in a given population there is a tendency for the 
virulence of the local trypanosome to decrease with lapse of time. Thus, 




Fig. 16. — Trypanosomiasis rash in a European. 

the trypanosome of the Gold Coast and Southern Nigeria, where sleeping- 
sickness presumably has long been endemic, is less virulent and much 
more amenable to treatment than that of Uganda, where it is of recent 
introduction; indeed the Editor, together with Cooke and Gregg, has 
described a series of particularly mild cases in Europeans from the Gold 
Coast in which trypanosomes were discovered during the course of routine 
Mood examination, but the patients otherwise appeared normal, though one 
had a circular erythematous patch on the shoulder. Similar instances 
have been recorded by Lamboin, Howat, Davy, Sic6, Eolin and Mercier. 

Remarkable features of human as well as of animal trypanosomiasis are 
skin affections and local oedemas. In many of the lower animals infected 
by their special trypanosomes, papular and pustular eruptions are common, 
in addition to fever and physical lethargy; and in man, especially in 
negroes, an exceedingly itchy papular eruption is frequent. In the 
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European, and possibly in tho nogro — but in the loss ovidont on 

account of his colour — extensive skin areas are affected witli a fugitive, 
patchy, frequently annular erythema (Eig. 10 and Plate VII, facing p. 24G), 
usually most evident on the chest and back, but also V(‘rj often on the 
face, legs, and else\vliere. This erythema setans to occur most fro(iuently 
and most distinctly in the earlier stages of tho infection. Some of the 
patches may be six inches or even a foot in diameter, tluur margins fading 
off insensibly into the surrounding normal skin. It usually takes tho form 
of large rings, occasionally complete, more frequently intorruptod and 
irregular. Soinetinios it is confined to annular rings on tho shoulders. 
Erythema nodosum sometimes occurs also. Pressure or any irriiation 
of the skin gives rise at once to transient congestion fnmi vast)iuotor 
paralysis of the skin capillaries. Tho rash can bo brought out by heat, 
and especially by hot baths. Xeroderma and pruritus aro often present 
ill the terminal stages. 

In some of the lower animals a usual feature is unloma of certain parts 
of the body, especially of the eyelids, tho sluiath of the penis, tho under- 
surface of tho abdomen, and the m‘ck. Similar, tbougli less extt^ii.sivo, 
oedemas occur in man, in whom they aro most ap})arout in the face and 
about the site of the erythema, lu many instancMvs thm-o is a gemnul 
fullness of the features which, with concomitant flushing, is ivpt to convoy 
a false impression of sound hoalth. 

Neuralgic pains, cramps, formication, and pariOHthosiju (If diiTeront 
kinds are not uncommon. Two of Mauson’s cases sliovvod recurring 
orchitis, accompanied by an increase of parasitos in tlie l)lood. Painful 
local inflammatory swellings, which after a time subside without suppura- 
tion, have been seen in some cases ; poriostitis of tibia) more rarely. Toxic 
iridocyclitis and choroiditis and doop oedema of the lower eyelid are some- 
times met. The eye symptoms aro not ho evident in man as in tho lower 
animals, interstitia keratitis in infected dogs being comparatively frocpiont. 

Eidley (1945-1946) considers that intraocular infections are neither 
common nor important, hi a series of 100 cases two only showed bilateral 
papilloedema, there were four with indefinite disc edges and theprosonce of 
new connective tissue in the physiological cup and round the contral 
vessels. (Concurrent ocular onchocerciasis is common). 

^ In most cases the spleen is enlarged, sometimes enormously, fluctua- 
ting with the fever, in the absence of concomitant malaria which, how- 
ever, is a not infrequent complication. The liver may be similarly affected. 

Although trypanosome infection is not, as a rale, transmitted to the 
foetus, the abortion-rate is increased from the normal 7 per cent, in Congo 
natives to Bl*7 per cent., and the infant mortality-rate from 29 per cent, 
to 50 per cent. Trypanosomiasis in infants is extremely rare, though 
Kellersberger has recorded infection in one three weeks old. 

Death from intercurrent disease, from rapid y deve'op’ng cerebral 
implication causing convulsions, status epilepticus or coma may supervene 
at any stage of trypanosomiasis. Usually the case gradually drifts into 
the stage known as “ sleeping-sickness.” It is usually believed that the 
development of the sleeping-sickness stage in trypanosomiasis concurs 
with and depends on the entry of the parasite into the cerebro-spinal canal. 
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Sleeping-sickness stage (cerebral trypanosomiasis). — The terminal 
stage of trypanosome infection sometimes exhibits acute features, and 
sometimes is exceedingly chronic. While an interval of several years, 
possibly eight, may elapse from the commencement of the infection to 
the development of this terminal stage (Rodhain), in the majority of cases 
the progress is much more rapid. The characteristic terminal symptoms 
depend on implication of the nervous system, either by the parasite itself 
or by its toxins. 

The average duration of this stage in the African is from four to eight 
months, not infrequently less ; very chronic cases with a course of more 



Fig. 17 .— Cerebral trypanosomiasis. Appearance of patient in last stages of the disease. 

[Dr. F. K. Kleine.) 


than a year are rare. Some observers refer to cases running on for three 
years or even longer, with occasional temporary ameliorations. 

Generally, the first indications of the oncoming of sleeping-sickness are 
merely an accentuation of the debility and languor usually associated 
with trypanosome infection. There is disinclination to exertion ; slow, 
shuffling gait ; morose, mask-like vacant expression ; relaxation of 
features ; hanging of the lower lip ; puffiness and drooping of the eyelids ; 
tendency to lapse into sleep or a condition simulating sleep, somnolence or 
“ near coma ” during the day-time contrasting with restlessness at night : 
slowness in answering questions ; shirking of the day's task. Dull head- 
ache is generally present. He will walk, if forced to do so, with unsteady 
and swaying gait. Later, there may be fibrillary twitching of muscles, 
especially of the tongue, and tremor of the hands, more rarely of the legs, 
indicating involvement of the motor centres. His speech is difficult to 
follow’, becoming indistinct and staccato. By this time the patient lias 
taken to bed, or he lies about in a corner of his hut, indifferent to everything 
going on around him, but still able to speak and take food if brought to 
him. He never spontaneously engages in conversation, or even asks tor 
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food. As torpor deepens lie forgets even to chew his food, falling asleep 
perhaps in the act of conveying it to his month, or -with the lialf-masticated 
bolus still in his cheek. Nevertheless, such food as he can be persuaded 
to take is digested and assimilated. Consequently, if he is properly nursed, 
there may be no general wasting. So far the striking features are the 
mental and personal changes with a paucity of neurological signs. As 
time goes on, he begins to lose flesh, tremor of hands and tongue becomes 
more marked, and convulsive or choreic movoments may occur in the 
limbs or in limited muscular areas. (Fig. 17.) Sometimes these convul- 
sions are followed by local temporary paralysis. Sometimes, too, rigidity 
of the cervical muscles and retraction of the head occur. There is usually 
an intolerable pruritus of the skin ; bedsores tend to form ; the lips become 
swollen, and the saliva dribbles from the mouth. Gradually the lethargy 
deepens : the body wastes ; the bedsores extend ; the sphincters relax ; 
and finally the patient dies comatose, or sinks from slowly advancing 
asthenia. Possibly he succumbs to convulsions, hyperpyrexia, pneumonia, 
dysentery or other interciirrent condition. Clinically, then, sleeping 
sickness reproduces the picture of a true encephalitis. 

The manifestations described are subject to considerable variations. 
Thus, mania is not uncommon ; delusions may present themselves, or 
psycbdcal and physical symptoms not unlike those of general paralysis of 
the insane are developed. In the European, death is frequently due to 
convulsions, probably from the presence of the trypanosomes in the brain. 
Deep hyperassthesia of the muscles is also quite common. The habits 
usually become bestial and he becomes a drooling, dribbling and drowsy 
idiot. Gelfand has drawn attention to transitory neurological signs, 
such as ptosis and ophthalmoplegia and transitory paralyses, such as facial 
palsy, meningitic symptoms, accompanied by papillcedema and extensor 
plantar responses. 

During the whole course of the nervous stage of trypanosomiasis the 
other symptoms already described as characteristic of the infection may 
be in evidence. The knee-jerks, though lost towards the end, are active 
at first ; the fundus oeuli is usually normal ; the sphincters, until towards 
the end, are controlled ; the urine is normal, and the bowels, although 
generally tending to constipation, act with more or less regularity. 

Trypanosomiasis in natives. — ^Lester recognizes three categories 
in Nigeria : — 

(1) Mild, with few symptoms, when equilibrium has been established 
between patient and parasite. 

(2') Involvement of the central nervous system — the commonest form. 

(3) Acute, leading to death before the central nervous system 
symptoms develop, toxaemia being the salient feature. 

Elsewhere the same three types are found, but the acute form pre- 
dominates, especially in Tanganyika, where T. rJiodesieTise is the common 
parasite. 

It is realized that, not only do the trypanosomes vary in virulence in 
different parts of Africa, but there is an almost equal diversity in the 
powers of resistance. Harding and Hutchinson (1948) have described an 
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outbreak in Fuero, Sierra Leone, where the majority’ of cases were symptom- 
less without cervical adenitis, but with large numbers of parasites in the 
peripheral blood. 

In Central African natives symptoms of trypanosomiasis are con- 
siderably aggravated by, and in many cases mistaken for, those of other 
diseases. The patient is almost invariably infected with malaria , ancylo- 
stomiasis, schistosomiasis, and possibly filariasis, besides which much of the 
emaciation and the specific complications — septic rhinitis, otitis — are due 
to starvation and neglect. 

Mortality. — Although spontaneous recovery may take place in the 
early stages of trypanosomiasis, it is believed that when the disease has 
arrived at the stage of sleeping-sickness, death is inevitable. Corre has 
told how native villages in Senegambia have been depopulated. What 
has occurred on the Congo, in Angola, and in Uganda, bears out this 
estimate of the gravity of the disease m epidemic form. Many islands in 
the Victoria Nyanza have been completely depopulated. The population 
of the implicated districts of Uganda, originally about 800,000, was 
reduced in six years to 100,000 by sleeping-sickness. 

Immunity. — ]\ran is immune to infection with the commoner trypano- 
somes of big game, T. congoleiise and T. vivax, and certain mammals 
are immune to trypanosomes which are pathogenic to others. Thus, 
T. vivax is pathogenic to horses and cattle, whilst rabbits, guinea-pigs, 
and mice are refractory. Although there is no direct evidence that man 
becomes immune after exposure to infection with T. gavibiense, yet there 
is no doubt that when the disease has lasted any length of time in a district, 
as in Southern Nigeria, the inhabitants exhibit a degree of resistance 
not seen in districts more recently invaded. 

The non-iimnune European generally suffers in a more acute form than 
does the Central African native under similar conditions. Eussell and 
others who have studied the phenomena of immunity in man believe 
that the course of an infection with a pathogenic trypanosome depends 
upon the capacity of that organism to vary in a serological sense so often 
that it defeats possible variations in the host’s defence. 

Trypanocidal action of human serum on trypanosomes.— Following 
the interesting discovery by Laveran, in 1902, that normal human serum 
exerts a marked effect on the course of trypanosome infection in animals, a 
large amount of work has been devoted to this subject with the object of dis- 
covering an effective trypanocidal serum. Yorke, Adams and Murgatroyd 
have shown that normal human serum exerts a pronounced trypanocidal action 
in vitro at 37° C. on a number of strains of pathogenic trypanosomes, even 
when the serum is diluted 5, 000-25, (X)0 times; but in certain pathological 
conditions of the liver this power is lost entirely in vitro. The interesting fact 
has been observed that, in the sera of certain normal sheep and rabbits, an active 
trypanocidal substance exists which, when mixed with normal human serum, 
inhibits the trypanocidal action of the latter. A curious and almost inexplicable 
feature is the fact that T. r7iodesiense, T. eqniperdum and T. congolense are 
rapidly destroyed in vitro by this method, but T. gambiense is apparently 
unharmed. Possibly in this observation lies the explanation of man’s immunity 
to infection with the pathogenic trypanosomes of cattle and other stock. 
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Diagnosis.— Chronic irref^nlar fever, more especially if associated 
with enlarged cervical glands and, in the European, erythema multi- 
forme, in a patient who has resided in tropical Africa at any time during 
the previous seven years, but especially recently, suggests a tentative 
diagnosis of trypanosomiasis and detailed examination with this possibility 
in view. Diseases with which trypanosomiasis might be confounded are 
malaria, hala-azar, pellagra, syphilis, leprosy, lymphadenoina (Pel-Ebstein 
disease), and, in its later stages, beriberi. 

The diagnosis of trypanosomiasis is made absolute by blood examination, 
but the serum-formalin reaction {sec p. 1 58) is usually positive in well-estab- 
lished cases and therefore may serve as a rough guide for differentiation from other 
African fevers on a large scale (Hopc-Oill, Morrison, Dye and Cookson). Sice 
and his collaborators have shown that there is a considerable diminution in the 
total serum proteins, and the loss is mainly due to decrease in scrum albumin. 
The ratio of serum albumin to globulin is always less thaTi it is in normal persons. 
Davis, Broom and Brown have worked out a specific ininninity reaction in 
trypanosomiasis knovni as the “adhesion phenoTnouon.” This reaction is 
characterized by adhesion of blood platelets and cells to tlie parasite when 
acted upon by immune j)lasma m miro. l^'or this purpose trypanosomes, im- 
mune serum, complement and human cells are incubated together; if the serum 
is homologous the red cells hecotne firmly adherent to the trypanosomes. Standard 
concentrations of red cells and tiypanosomes arc necessary to obtain constant 
results. Agglomeration and trypanolysis may take place, oven if the red cells 
are unsuitable as indicators. This reaction is said to bo specific for different 
species of trypanosome, and the immune body exhibits a high degree of thermo- 
stability. The test can be used in recognizing species of wild game which 
may act as reservoirs of T. ganihimse. 

In an endemic aim Saunders found that dl per cent, of proved human 
eases gave some degree of adhesion in this test, whilst 7f) per cent, of 
controls gave none. 

Saunders (1952) found 33 per cent of blood slides were positive in one 
thick drop. Trypanosomes are found most easily in fresh blood examined 
^vith in. (4 mni.) objective. For gland puncture needles should be of 
fairly wide bore; a convenient size (steel needle) is one of 0-8 inni. and a 
length of 2-5 cm. Drying the needle is essential. Lower cervical glands 
are more suitable than the higher. With the needle, at about 45 degrees 
to the skin, aim at the thickest part of the gland. Rotate the needle on 
its axis, push it in a little further and then withdraw it and pull out quickly. 
Examine smear with cover glass pressed down. The fluid consists of 
lymphocytes in a clear medium. Trypanosomes when seen behave like a 
small hooked trout kicking and thrashing amongst the lymph cells 
(McGowan). 

Microscojiical diagnosis of trypanosomiasis is sometimes difficult. 
Ansemia, as well as a relative increase of large mononuclear leucocytes, 
usually occurs. A well-stained blood preparation exhibits, even to the 
naked eye, a remarkable clumping of the red corpuscles (autoagglutina- 
tion). As a rule, the parasites in the peripheral circulation are few, many 
fields having to be hunted before one is discovered. Sometimes none can 
he found ; rarely are they abundant, as in the acute forms of T. rhod/isiense. 
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The thick-drop method should always be employed and it is estimated 
that it takes 20 times as long to find them in thin as in fresh wet-drop 
preparations. 

Blood centrifugation . — Take into a 10 ml. syringe 1 ml. of 6 per cent, 
sodium citrate in 0*9 saline. Fill the syringe with blood from a vein. 
Centrifuge for ten minutes on the low gear of the two-gear centrifuge. 
This brings the red cells down as a sediment, on the surface of which the 
leucocytes form a grey layer. Supernatant fluid is pipetted off into 
another tube. Examine the leucocyte layer and first sediment for 
trypanosomes. Ee-spin supernatant in the high-speed gear for ten minutes 
and pipette off into a third tube. Examine the second sediment which 
occasionally reveals trypanosomes (in 16 per cent.). The third sediment 
similarily treated often has trypanosomes in 39 per cent. Sice (1937) 
advised that the electric centrifuge should not exceed 3,000 r.p.m. 

Greig and Gray, Dutton and Todd emphasized the value of lymph-gland 
puncture and examination of the aspirated lymph as the most certain 
method, particularly in the earlier stages of the disease, when the glands 
are soft before they have become sclerosed, and the trypanosomes abound 
in the Ijnnph. This method succeeds in 87*7 per cent, of cases. An 
ordinary hypodermic syringe needle suiffices to aspirate a sufficiency of 
lymph. Massage of the gland assists the flow of lymph into the lumen of 
the needle {see p. 156). Gland-puncture should always he reinforced by 
the exa min ation of thick blood-films. The glands may be unilateral or 
bilateral ; sometimes they reach the size of a pigeon’s egg and every 
gradation may be shown. Although the superficial glands may be easy 
to palpate, deeper ones may be more difficult. Three procedures for 
palpation are necessary: deep palpation, superficial palpation, and 
palpation by passing the palmar surface of the hand over the neck. The 
glands should have the consistency of a ripe plum. Harding and Hawking 
(1945) found both gland and blood examination positive in 30-40 per cent. ; 
gland puncture positive, blood-film negative in 50-60 per cent. ; blood- 
film positive, gland puncture negative in 10 per cent. 

In the Belgian Congo (Tordami system) gland palpation is systematically 
performed by the European staff; microscopic examination of gland juice 
and blood by specially trained native assistants. 

Hollins has demonstrated the value in diagnosis of a single method of 
estimating the 10- min ute erythrocyte sedimentation rate. The “ normal ’ ’ 
African rate varies in different areas, but a pronounced fall in an abnormal 
rate after administration of antrypol is diagnostic. 

Oerebro-spiml fluid, obtained by lumbar puncture and centrifuged, 
affords another (though not always a practicable) means of finding the 
parasite ; according to Broden, parasites may be demonstrated in this 
manner in 4-5 per cent- of cases, but if the trypanosome is not found, 
suggestive information may be obtained from a lymphocyte-cell count of 
the fluid, as this may be increased to over 1,000 per c.mm. The globulin 
content of the fluid is also increased, but the colloidal gold curve is of 
the paretic type. With 4 ml. of fluid centrifuged trypanosomes are found 
in 0*15 per cent, of cases. 
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The diagnosis of trypanosomiasis is not justified on a coll count as low 
as 15 or 20. The limit should be about 80 cells. When present the 
morula cells of Moi.t are suggestive. The protein estimation appears to 
be open to the same objections as the cell count. 

The importance of puncture of the cerebollo-modullaiy space in the 
diagnosis was emphasized by Tajera. Suboccipital puncture through 
the occipito-atlantoid ligament into the cisfema cerebello-meduUaris is 
simple and practically devoid of risk. 

Le Port stated that the early changes in the choroidal plexus in trypano- 
somiasis are confined to the fourth ventricle, so that the inimediato consequence 
is an interruption of the connections between the ventricles and the subarachnoid 
space. The only real orifices by which those two centres intercommunicate 
are by the foramina of Luschka, which lie between the cerebellar peduncles 
in the lateral angles of the fourth ventricle. These orifices are covered by 
the lateral choroidal plexuses of the ventricle. Obstruction of the foramina 
of Lusclika results in separation of the subarachnoid space from the ventricles 
where the cerebro-spinal fluid is produced, and this causes automatically a 
state of disequilibrium of tension of the fluid between the two cavities. The 
intraventricular tension thus produced may give rise to a syndrome which is 
responsible for the signs of the first stage of sleeping-sickness. Intraventricular 
hypertension manifests itself by headache, nausea and a degi’co of somnolence. 

Sic6 has proved that the earliest reaction resulting from meningeal 
lesions is cellular ; at first it is slight and unaccompanied by clinical 
signs ; usually it progresses slowly, and the intensity of the meningeal 
lesions is shown by the number and character of the cells. The presence 
of leucocytes indicates that the lesions are active and, probably, recent. 
Plasma cells, dead cells and morula cells indicate older and more 
chronic lesions. As the cellular reaction develops, so the albumin content 
gradually increases. Prognosis can therefore be based upon the amount of 
albumin in the spinal fluid. Though this can be estimated by a number 
of different techniques, the proportion of the albuni n and the globulin 
in the cerebro-spinal fluid is considered by most authorities to run parallel 
with the number of cells present. 

Animal inoculation is used if the parasite is not found by blood or 
lymph examination, 2-10 ml. of the blood being drawn from a vein and 
injected. Of the ordinary laboratory animals, the most susceptible, and 
therefore most reliable, are the guinea-pig, the rat, the dog, and Macaca 
and Cercojpitliecus monkeys. Such inoculations are of value as a test of 
recovery, as well as for diagnosis. The best animals on the Gold Coast 
are the green cercopitheciis monkey and the pouched rat — Cricetomys 
ganihianus. Ten ml. of citrated blood are used for monkey, cat or dog; 
3-6 ml. for Cricetomys and 1 ml. for a small rat. Interval between inocula- 
tion and appearance of trypanosomes in the peripheral blood varies from 
6-49 days. Relapse can he produced by intraperitoneal injection of 
olive oil. 

Sternal puncture has recently been introduced as a reliable and ready 
method of diagnosis. Guibert and Boscq found T. gambiense in the 
bone marrow of 29 out of 30 untreated eases, whilst Lenhard, Jospin and 
Gallais claim that it is superior to any other method. 
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The trypanosome is easily stained by most dyes, those in use for malaria 
work giving the best results. A |-in. objective suffices to find the parasite. 

Differential diagnosis.— Kala-azar and trypanosomiasis, especially 
in their earlier stages, may be difficult to differentiate, but enlarged glands, 
local oedema and erythema mnltiforme in trypanosomiasis, and their 
absence in kala-azar, suffice for distinction. Blood or gland-lymph 
examination, or, if this be negative, hepatic or splenic puncture, should 

establish the diagnosis. . . . 

General paralysis of the insane, cerebral tumour, forms of meningitis, 
especially encephalitis lethar^ca (often inaptly termed “ sleepy sickness ), 
have features in common with trypanosomiasis and must be considered. 
The serum of some cases of trypanosomiasis has been said to ^ve a positive 
Wassermann reaction, but this may be due to a co-existing syphilitic 
infection. 


Treatment 

Especially in natives, preliminary treatment directed towards eliminating 
superimposed infections with ancylostomes or schistosomes is advisable, on 
account of damage to the hver-cells which renders toleration of arsenical 
drugs difficult. 

1. Antrypol “ Bayer 205,” introduced in 1920, is valuable in eradicating 
trypanosomiasis, especially in the early stages. 

In artificially injected animals it is non-toxic. The dosis tolerata is estimated 
at 160 times the dosis therapentica, injected intramuscularly or intravenously, 
being lethal to T. brucei, T. gambiense and T. rhodesiense and moreover it exerts 
a prophylactic action. 

The average dose for man is 10 ml. of 10 per cent, solution in distilled water 
intravenously. The total amount to effect cure is 10 grm., though trypanosomes 
usually disappear after 5 grm. The dose should be repeated at weekly intervals. 

In early infections the best and most lasting results are usually obtained by 
larger initial doses, such as 1 grm. on the first, third, tenth and thirteenth days. 
Sometimes doses of 1 *5 to 2 grm . are given. Although it is most active in destroy- 
ing trypanosomes in the blood it is incapable of doing so after they have entered 
the brain. 

The value of antrypol lies in its power of rendering the trypanosomes fit for 
phagocytosis by the reticulo-endothelial cells — a kind of opsonizing effect. This 
action greatly enhances the effect in the living animal and thus explains its efficacy 
in vivo rather than in vitro. There are also good reasons for believing that its 
delayed action is due to combination with plasma and tissue proteins, so that 
serum, cerehro-spinal fluid and urine continue to exhibit subsequent trypanocidal 
action when injected into trypanosome-infected mice. Intrathecal injections are 
not recommended. 

Immediately after the injection of the drug both the physical condition and 
mental outlook of the patient axe improved. The drug is harmless to man, except 
that it has a cumulative action and is a kidney irritant, so that, after three or 
four injections, the urine contains albumin and small yellow, granular casts. 
This is the resiilt of excretion via the urinary tubules, and lasts about six weeks. 
In some susceptible individuals toxic dermatitis — a red, itching and papular 
rash — develops, usually after the third injection. According to Corson, a painful 
condition of the feet, apparently peripheral neuritis, has sometimes been observed. 
A rare hut disagreeable sequel is exfoliative dermatitis. 
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2. Tryparsamido should not contain less than 25-1 per 

cent, of arsenic. “ Fourneau 270 ” (Orsaiiinc) is the French oquivalcnit. 

Tryparsamidc, when injected, ia quickly absorbed, either by the intrainiiscular 
or intravenous routes. The chemotherapeutic index -the ratio between tlie 
curative and maximum tolerated dose — is 1:2; for at-oxyl it is 1 : 1 . 

Individual doses are large, varying from 1 to 4 gnn. (the tnnxinium is CO ingni. 
per kg. body weight). The drug exerts a markccl cHecI, on ayin])t()ins, (‘specially 
when the nervous system is involved. Its chief value lies in the ease with whieh 
it penetrates into the ccrobro-spinal fluid, wlmrc it eliminates tlu^ trypanosomes. 
The great reduction in tho lymphocytes in the corebro-spinal fluid in oerobral 
trypanosomiasis is attributed to its high power of pon(>irati()n. I n average cases 
the initial dose should be 1 grni. in 10 ml. of distilled water, Rubsequoutly 2 grm. 
three times weekly. A total dosage of 24 grm. is necessary. 

In chronic cases the dosage may have to be as high as 70- *S0 gnu. for permanent 
cure, according to Van den Tranden, but in mild infections lui obtained 57 pc'r 
cent, apparent cures with a total of 20-60 grm., hut in a smaller per(‘(mtage when 
trypanosomes were present in the corcbro-spinal fluid. 

Fowler (1946) has given massive doses by the intravenous drip method in 
42 cases. The simple apparatus consists of a glass eontaiiKM* and niblau* tubing, 
the interceptor b(ung improvised by using an intrav(‘nous nen^dk' and the barivl 
of a glass urethral syringe. The dose, is 2 grin, daily for 6 4) days, hut a week’s 
interval has to be interposed after 3-4 days owing to exhaustion produced by 
high fever during the injections. 

The dose of tryparsamide was dissolved in two pints of HUu'ile double-distilled 
water and given with a hypodermic noodle at a rate of 40 cb'ips per minute, 
allowing for two pints of solution in eight houra. 

In the majority trypanosomes were present in the cer(‘.l)ro-spinal (hiid. In 
three acuity of vision was affected anci seven deaths wore duo to tho fi'brile 
reaction inilucod, but tho immediate results were good. 

Chesterman concluded that, to be offoctive, solutions should not exi^ood 40 per 
cent, which is near saturation point. The water must not bo alkaline which 
produces precipitation. Intramuscular injections arc also cflieaeious, but this 
solution should not be stronger than 20 per cent. 

Prolonged administration of maximum tolerated doses gives the best rosnlts. 
Children up to twelve years tolerate the drug well and may be given up to 20 mgni. 
per kg. body weight for 12 injections. If tho drug is used in strengths of more 
than 20 per cent, by the intramuscular route induration or abscesses may result. 
Herxheimer i*eactions w'ith acute mania have been recorded with excessive doses. 

In advanced oases in adults the initial dose should be 20 mgm. per kg., on the 
fourth day 30 mgm. per kg., while on the eighth a course of 20 injections of 
40 mgm. per kg. at four-day intervals should be commenced : after a three- 
months’ interval a course of 10 injections should be Tej)eate(l, 

As evidence of cure, physical improvement and restoration of mental activity, 
together with a normal cell-count and albumin content of the cercbro-spinal fluid 
for one year should be taken into account. 

An excess of albumin and increase of cells is sometimes noted for a short 
period, but may be only temporary. 

Arsenic resistance , — This subject has been much debated. Van Hoof states 
that it is often difficult to create this in the laboratory, whilst routine treatment 
does not inevitably increase it in the case of a relapse ; but in mass treatment (as 
in the Belgian Congo), where this resistance is on the increase in an endemic area, 
it is rather because the routine treatment has eliminated a large numbi^r of 
non-resistant strains from the trypanosome reservoir. 
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INfon-resistant strains are usually more easily transmitted through the tsetse 
{see p. 126). 

Results , — In early cases an apparent cure is almost invariable, but tryparsamide 
acts less satisfactorily after previous administration of atoxyl (or other arsenicals). 
In advanced cases it is less certain, hut in the absence of other debilitating diseases, 
and when degeneration of the central nervous system has not progressed too 
far, and when the cerebro- spinal fluid does not contain too many cells, trypar- 
samide gives gratifying results. 

Optic neuritis , — Some are particularly sensitive to tryparsamide and optic 
neuritis is apt to develop in patients previously treated with smaller quantities, 
and to whom a second course is given. Sometimes it occurs after comparatively 
small doses and the Editor has seen three where blindness ensued in doses ranging 
from 5-13 grm. Jamot reported that, out of 25,638, 233 developed ocular 
troubles ; in 30 amblyopia and in 17 amaurosis, but Basten, in cerebral syphilis, 
in a larger series, has not experienced the same amount of ocular trouble. 

Ridley (1946) classifies disturbances of vision into four stages : — 

(1) Metamorphopsia and a sensation of shimmering movement (objective). 

(2) Depression of vision, loss of peripheral field for even large objects, followed 
by decrease in central acuity. The appearance of the optic discs still remains 
normal. 

(3) After an interval of two weeks, pallor, unaccompanied by swefling and 
vascular abnormalities, appears in the optic discs and the victim becomes com- 
pletely blind with very inactive f dilated pupils. 

(4) Stage of recovery, which may proceed for three to six months, in which 
there may be complete return of central acuity with some degree of improvement 
in the peripheral fields. The pallor 'of the discs remains unchanged and may 
even progress. The central vessels, especially the arteries, become constricted 
and whitish, perivascular cuffs make their appearance around the larger vessels 
near the optic discs. Premonitory symptoms are photophobia, lacrymation, 
ocular pain and dimness of vision. It should, therefore, be made the rule to 
test the vision of each patient before injection by detection of some small object. 

In any suspicious case administration of arsenicals should be suspended, 
remembering that the toxic action is often delayed and that optic neuritis may 
progress even after cessation of treatment. This was the case in the days when 
atoxyl was employed. 


Otbcbe Aeseiucals 

Ethamrsol (monosodium salt of 2 ^-arsono-arsilino-ethanol) and Propcimrsomd 
(nionosodium salt of 3 p-arsono-anilino-proponol) contain 20 per cent, of arsenic. 
When injected in doses of 2 grm. the action is comparable to that of tryparsamide, 
but they would appear to produce optical disturbances even more readily. 

Neocryl (sodium succinanilo methylamide-p-arsonate) compares favourably 
with tryparsamide, is less toxic and possesses a similar comparable trypanocidal 
activity. Doses are similar, but the ultimate results in the second stage are 
said to be less favourable. 

N, phenyl glycineamide-p-arsonic (icid, of which tryparsamide is the sodium 
salt, may be given by the mouth, which is, of course, simpler. In contrast to 
tryparsamide it is well tolerated by this route and causes disappearance of the 
trypanosomes ftom blood and cerebro-spinal fluid. By the parenteral route the 
dose is double that of tryparsamide, and is less apt to produce optic neuritis. 

Mapharsen {mapharside) meta-amino-para-hydroxyphenyl-arsine oxide is 
believed to be the compound elaborated in the body after injection of arsphena- 
mine. The initial dose is 40 mgm. per kg. for women ; 60 mgm. for men. It is as 
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efficient as neoarspheiianiine, but 11 times as toxic. Tlio sterilizing dose is li 
and the chemo-therapeutic index is double, wliilst the curative index is slightly 
higher than that of ncoarsphcnaminc. 

Plenylarsenoxide—y{p-nrsenophy]yh\\i>yv\Q acid — cures early cases, but is less 
effective in later stages (Eagle). 

Melarsen-oxide (^-ar 5 e/?. 06 ' 0 -plienylbutyri(! acid), Friedheiin, a trivalent product, 
is very active on trypanosomes resistant to tryparsaniide. Non-toxic in ordinary 
therapeutic dose of 10 or even 40 ingin. per kg., daily injections are well borne 
and apparent cures produced by 14-15 injections. It can bo given by th(^ 
mouth in doses of 160 ingni. for an adult, or by intravenous injections of 25 ingm. 
daily. McLetchie in Nigeria considei's that it is too toxic in advanced cases. 
It is undoubtedly effective in a high })roportion of intcrniodiato and advanced 
cases. The results are similar to those of tryparsaniide, buii it is too toxic 
(Duggan and Hutchinson). 

Melarsen (nielaminyl-substitntccl phcnylarsonatc-4-289)— the r/-sodium suit 
was prepared by Fried heini and was tried out in West Africii. It was produced 
by him in combination with B.A.L. (or 2'-3'-diniercaptopr()panol or dimercaprol) 
which renders it less poisonous and the compound is then known as itjolarsen B, 
mel B, or arsobal. It sterilizes the blood and causes iinprovoinoiit in the 
cerebro-spinal fluid. Duggan and Hutchinson (1951) found nicl B in short 
courses of 8 injections at five-day intervals at least as effe(itive as tryparsaniide, 
but toxicity is greater. 

Melarsen B (Eriedheim) is now known in France and Portugal as arsobal in 
3 -6 per cent, solution and as such it has aohioved a reputation in the treatment 
of trypanosomiasis in Portuguese and Fi'cuch West Africa. It is (daimod that 
early cases are cured by one dose of 4 ingm. per kg.; second stage (iases with up 
to 20 cells in the C.8.F. by three doses in weekly injections, bate i^asi^s are 
treated with three or four coui’scs of the above regime. JMam.n (7()A), an 
American product, is effective in early cases. Tlio antimonial analogues — 
Msb and Msbg — also produced by Frieclheim, arc said to h(^ very active (Le 
Ronzic, 1949). 

Azo-arsenohenzol (4197) traverses animal membranes. It was tried out by 
Friedheim in West Africa in doses of 0-5 grin, intravenously every few days and 
rapidly sterilizes the blood and lymphatic glands. In cerebral trypanosomiasis 
an initial dose of O-l grm. was found necessary in order to avoid Horxhcinior 
reactions. 


Other Preparations 

Tartar emetic (sodium antimonyl tartrate), which was formerly much used, is 
curative for some forms of bovine trypanosomiasis, but it is now mainly directed 
to reinforce tryparsamide treatment in cases complicated by schistosomiasis. 

Styrylqmnoline compounds. Browning introduced aniloquinolinc and styryl- 
quinoline which protect mice against T. hruoei. They have not been much used 
in human trypanosomiasis. 

Synihalin and 'undecane diamine , — ^These guanidine compounds were proved 
by Yorke to exert a direct lethal action on trypanosomes in vitro and thus led 
to the introduction of : — 

Diamidino stilhene (stilbamidine) (see also p. 822). This was found to be active 
in experimental trypanosomiasis and was tried out in Nigeria and Gambia by 
Harding and Bowesman. Intravenous, injections are apt to be followed by 
temporary symptoms, hut it may also be injected intramuscularly. Tt banishes 
the trypanosomes, but is unsuited for cases with protein content in the cerebro- 
spinal fluid above 0-05 per cent. The treatment takes about half the time 
necessary for tryparsamide. 
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Pentamidine was tried out by Lawson and Gilbert (1943) in Uganda and 
Northern Rhodesia as well as by Saunders on the Gold Coast. It was given daily 
for 18 days intramuscularly in doses varying from 1-6 to 5-15 mgm. per kg. 
Those with cell counts in the cerebrospinal fluid less than 30 per cmm. are usually 
cured. By the intravenous route at least 2 mgm. per kg. should be given. 
Serious fall in blood pressure is avoided by injecting the drug very slowly. A 
successful cure in a European was reported by Bomford ( 1944) with a total of 
4-3 grm. in 39 days, in doses from 100-300 mgm. mostly on successive days, 
but McComas and Martin (1944) recorded a fatality in an African after three 
injections, death being due to a Herxheimer reaction. Poljmeuritis has also 
been recorded. McLetchie in Nigeria considers that it is equal to antrypol. 
Pentamidine isethionate (lomidine) is the salt used: 100 mg. on the jSrst day, 
then 200 mg. daily to the seventh day. Synergic action with tryparsamide, 
6-9 grm., in seven days is beneficial in intermediate cases (Duggan and 
Hutchinson). 

Propamidine possesses the same qualities, but is more toxic, causing abortion 
in pregnant women. The neuropathies which may follow prolonged administra- 
tion of this group of drugs limit their usefulness {^ee p. 161). 

Synergic or combined treatment, — Striking recoveries have been secured by 
combining antrypol and tryparsamide therapy — which is borne out by the 
experimental work of Yorke indicating that pathogenic tr}q)anosomes may 
become drug-fast, and that resistance to antrypol is brought about very slowly. 
The Editor has recorded 11 European cases in which success was obtained by 
antrypol in tryparsamide-resistant cases and vice versa. The conclusions that 
may be drawn are that, when once clinical and parasitological relapse has taken 
place after an initial course of treatment with one trypanocidal drug, a change 
should be made to one of an entirely different chemical constitution. Thus 
preliminary antrypol treatment, in maximal tolerated doses, should be followed 
by tryparsamide in moderate doses — 2 grm. twice weekly (or 4 grm. per week). 
Chesterman advocated two or three large doses of antrypol (three doses 1 *5 grm. 
for an adult at three or four-day intervals) followed by 4-6 weekly injections of 
medium doses of tryparsamide — 70 mgm. per kg. in children, 55 mgm. for 
adolescents and 45 mgm. for adults. Between the courses a rest of 10-14 days 
should be permitted until the urine becomes free from albumin before the admin- 
istration of tryparsamide — alternating injections of tryparsamide and antrypol 
with intervals of three days have been given by Maclean in Nyasaland and 
have been advocated as the standard treatment by the Eoreami organization in 
the Belgian Congo, and by McLetchie in Nigeria. 

Sice and Torresi foimd the best combinations were : — ^Antrypol and tryparsa- 
mide, antrypol and anthiomaline, tartar emetic and treponyl. 

Harding (1946) in Sierra Leone has compared the following types of treatment : 

(1) Antrypol — 5 doses of 1 grm. at 5-day intervals in cases with normal 
cerebrospinal fluid. 

(2) Tryparsamide, 6-10 doses of 2 gm. at 5-day intervals (9-10 doses). 

(3) Antrypol — 3 doses of 1 grm., followed by tryparsamide, 3-5 doses of 2 grm. — 
all at five-day intervals. 

(4) Two combinations of antrypol and tryparsamide, 3-7 doses of 2 grm. at 
five-day intervals : — 

(a) Antrypol — 3 doses of 1 grm. folloTved by tryparsamide, 3-7 doses of 2 grm. 
An interval of five or seven weeks separated the first and second courses ; the 
remainder were given at five-day intervals. 

(h) Antrypol — 2 doses of 1 grm., followed by tryparsamide, 4-6 doses of 2 grm. 
at five-day intervals. 

The cerebro-spinal picture was taken as the only reliable index of cure. In 
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mass treatment in Nigeria the total antiypol is 3 -2 ^rni. followed hv tryparsamide 
10 grm. in 9 injections at intervals of 5 days. The first injection of 0*2 grni. 
antrypol is a test for idiosyncrasy. 

Oen&'al considerations. — The mode of action of trypanocidal substances has 
been explained in the introduction by Yorke and liis colleagues in 1930 of culture 
media in which pathogenic trypanosomes can bo kept alive and active in un- 
diminished numbers for at least 24 hours at 3T C., thus enabling observation to 
be made in vitro in a medium comparable to the body fluids in animals and man. 
Another valuable method was the use of the fluorescent microscope. The sub- 
stances absorbed by the trypanosomes can be seen as fluorescent particles with 
ultra-violet rays. By such means qualitative estimation of drug concentrations 
in the blood can be made. Thus the pontavalent compounds of arsenic and 
antimony have only a slight trypanocidal action in vitro, whilst the trivalent 
compounds are much less active. It was concluded that the therapeutic action 
of the trivalent compounds was entirely duo to a trypanocidal power and that 
the pentavalent compounds became active only after reduction in the body to 
the trivalent form. It was found also that resistance of trypanosomes to aromatic^ 
compounds of arsenic and antimony did not consist of resistance to metals^ but 
to the various substituted phenyl radicals and was not dependent on the host. 

Acquired resistance is due to the fact that the drug was no longer absorbed 
by the trypanosomes. Resistance w'as produced by drugs m vitro and was easily 
brought about by aromatic arsenicals and antiinonials. Natural drug resistance 
of T. gambiense to tryparsamide is commoner than generally believed and it 
appears that a trypanosome can suddenly ac(]uire a certain degree of arsenic 
resistance by passage through unaccustomed hosts. 

Transmission^ of drug -resistance through the tsetsc.-^Yovko and his colloaguos 
discovered an important fact — that strains of trypanosomes possessing a high 
degree of resistance are transmissable by tho tsetse {transmission of an acquired 
character) and that this remains unimpaired after two successive passages through 
the fly ; but Van Hoof on the Congo has found that tho non-resistant strains are 
usually more easily transmitted. Resistant strains which can bo transmitted 
with great difficulty are derived from chronic well-treated cases. I^hcso more 
resistant strains usually constitute the minority. 

Prophylaxis. — Prophylactic measures are based principally on tho habits of 
Glossina palpalis, 0. tachinoides and other species which may transmit T* gam- 
biense.^ The measures employed are so similar to those in use against T. 
rhodesiense and so interwoven that they must be considered together in the 
section on the bionomics of glossina {see p. 1051). Other control measures consist 
of fly traps, barriers, clearings, block systems and the employment of DDT to 
destroy addt flies {see p. 865). Complete scientific prophylaxis can be estab- 
hshed. with certainty only after we are in possession of full knowledge of the 
habits of the tsetse and the reasons for their restriction to limited and capri- 
ciously distributed areas and also of the vertebrate hosts of the try- 
panosomes. 

of big game. The abolition, of big game has been undertaken in 
JN. and b. Rhodesia and in Tanganyika on an extensive scale. Unfortunately it 
appears to be true that where antelopes and buffaloes exist in large numbers there 
the tse-tse is to he found in abundance. In areas which have been cleared of 
these animals the destruction of the tse-tse appears to be a practicable proposi- 
1 ^. An exj^riment in this direction was undertaken in a large block, comprising 
W sq. miles, in the^cinity of Shinyanga, Tanganyika. Originally large numbers 
o . nvorsit^ns^ 0. swynnertoni and 0 -. pallidipes were present. Measures 
co^en^ m Jifly, 1946, and since that date 8,600 head of animals have been 
destroyed. The larger big game have been eliminated and a great reduction of 
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impak and reed buck has taken place. As a result G, awsynmrtoni has now dis- 
appeared and a great reduction of G. pallidipes has been recorded. 

EepdUnts. — Little information is obtainable on this subject, but Holden and 
Findlay (194:4) found that an anti-mosquito cream (containing pyrethmm) 
has a repellent action chiefly against (?. palpalis for six hours, when applied to 
the skin, but this action is apt to be destroyed by heavy sweating with exposure 
to strong sunlight. The most popular at present is Dimeepol which contains 
dimethyl phthalate and ethylhexandiol in non-greasy basis and can be dissolved 
in a small amount of liquid parafStn for use in fly country. 

Chemoprophylaxis, — prophylactic injection of antr3^ol does not prevent 
actual infection, though it does mitigate the pathogenicity of the infecting 
trypanosomes. Fourch4, on the Congo, concluded that intravenous injection of 
I grm. in adults, and 0-3 to 0-75 grm. in adolescents is of definite prophylactic 
value for seven months, but McLetchie in JNigeria has reduced this figure to six 
weeks. Van den Branden injected all the inhabitants of a village in the Belgian 
Congo with the following doses : adults 1 grm., adolescents 0-5 grm. and children 
0*25 grm., infants 0*18 grm — each receiving two injections. Duke’s statistics in 
Uganda seemed to indicate that prophylactic action may last three weeks. 
Olovitch (1927) reported favourably on mass injection (or moranylisation) of the 
native population of the Belgian Congo. 

In Sierra Leone Harding and Hutchinson (1950) think that in that country a 
stage has been reached when it is justifiable to undertake mass prophylaxis 
with pentamidine. A trial of pentamidine in French West Africa was successful 
in protecting over 1,000 persons for six months whereas 19 infected cases were 
found in 902 controls (Brun-Buisson). 

Propamidine has the same action as pentamidine. An experiment in drug 
prophylaxis with propamidine was carried out in the Belgian Congo and has been 
described by Fain and de Mulder ( 1949) who have demonstrated that two intra- 
muscular injections of 300 mgm, for men (less for women and children) at an 
interval of six months served to protect for a period of two years, though examina- 
tion of the cerebrospinal fluid showed that a cryptic Section still persisted. 
Controls, however, showed many more infections. They assert that even a 
single dose has considerable protective value. 

The latest results of Van Hoof and his colleagues in the Congo are as follows : 
they find that one dose of pentamidine (30 mgm. per kg. body weight) injected 
intramuscularly can protect for six months. This appeared to be optimistic. 
The average weight of the Congo native is 40 kg. and, by raising the injection to 
5 mgm. per kg. for protective action, good results have been obtained. It should 
be noted that the isethionate salt is used; not the hydrochloride. Both propa- 
midine and pentamidine isethionate should be given in 1*25 per cent, solution 
intramuscidarly. McLetchie in Nigeria considers 100 mg. pentamidine ise- 
thionate intravenously constitutes the best and most enduring method of 
protection. 

Other prophylactic measures. — Brilliant results have attended the 
efforts of the Portuguese to combat sleeping-sickness in the island of Principe, 
where the annual mortality from the disease amounted to 83 per thousand of the 
popuktion, and the local industry (cocoa) was threatened with extinction. 
Besides jungle-clearing, drainage, blood examinations, segregation of the infected, 
and destruction of possible animal reservoirs of the trypanosome, natives, dressed 
in white and carrying on their backs a dark cloth smeared with birdlime, were 
sent into the jungle, and every night the flies caught were removed and counted. 
In three years 470,000 glossinse were caught. As a consequence of this com- 
bination of sanitary measures the fl.y and the sleeping-sickness were exterminated. 



I 


HUMAN TRYPANOSOMIASIS 


Of course, it was only the complete isolation and the limited size of the island 
that made suck a result possible. 

The Ancliaii experimcnit in Nigeria lias providod a model oxaniple of 
the method of clearing an area of tsetse Hies as well as of benefiting the 
population generally and of raising their level of culture. Aiichau is now 
a tsetse-free corridor, linking two of the railway linos that diverge from 
Zaria, and is some 65 miles long, over 600 square miles in extent and with 
a population of 50,000. Tlio coinhination of jiariial and barriiu’ chnirings 
lias proved effective. The work on this sclieuu^ entailed preparation of 
maps, surveys, construction of roads, clearing 110 miles of stream, sinking 
of wells, study of local soils and vegetation, agricultural experinieni.s 
and monthly fly surveys. The land allowance is 4-3 acres per person. 
Areas are reserved for plantation of wood and grazing. 

Removal of infected populations. — Trypanosomiasis has iutorforod 
with the development of one-quarter of tlie Africa.ii continent. In Uganda 
by 1900 it was estimated to have oxterminated two- thirds of the native 
population. To preserve the hitherto luiinfectod from trypanosome 
infection, the GovernniGiit transported the entire population of the Sesse 
Islands and neighbouring shore of Victoria Nyanza to fly-free areas in 
the interior. It was hoped that, the human source of trypanosome supply 
being thus denied them, the tsetse flies would cease to be infective. 
Unfortunately, this hope has been disappointed. Thro(^ years after the 
depopulation of the districts involved, Bruce ascertainod that local flies 
could still convey the disease to laboratory aninials. Manifestly, T. 
gambiense can flourish under natural conditions in vortobrates other than 
man. The reservoir host in this instance was found to be tho situtunga 
antelope. 

Dispersal of tsetse flies by traffic. — The opening up of Ci^niral Africa 
by motor roads and the development of motor traffic has introduced 
a new problem in the spread of trypanosomiasis, both gambieme and 
rliodesiense infections. Jack has shown the tendency of these flies to 
follow up moving objects and to settle on the hacks of pedestrians and 
cyclists and under the hoods of motor cars. On pedestrians these flies 
ma-y be carried 10, on motor cars, 50 miles a day. When the moving 
object stops, the flies move away and seek shade nearby. It has been 
found necessary to restrict vehicles (including cycles), leaving fly areas, to 
fixed routes. At the point of exit notices are placed stating that motorists 
and cyclists must submit to prescribed measures. Native cyclists are 
cleansed of files in special gauze cages. Motors are fumigated with “ Flit ’ ’ 
and the passengers are groomed with insect-nets. 

Prognosis — The state of the C.S.F. is most important. Increase of 
total protein is of more significance than cell increases. If the C.S.F. is 
abnormal after treatment the cell count is the more delicate indicating 
cure or failure. The Sicard Canteloube method of estimating total protein 
(normal 22 mg. per cent.) should he used. The blood sedimentation rate 
is also useful. 

[For a detailed description of tsetse flies (Places TV, V) and preventive 
measures at present in use, see pp. 1055-1057.] 
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Ehodbsiensb Sleeping-Sickness 

The trypanosome found in cases of human sleeping-sickness originating 
in Rhodesia was at first considered to have certain peculiarities when 
inoculated into the rat. This fact, together with the greater virulence of 
the disease both in man and in laboratory animals, and the greater 
resistance to arsenical treatment, led Stephens and Fantham to separate 
it as a distinct species under the name of T. rliodesiense, in 1910. Later, 
it was proved that it is transmitted by Glossina morsitans (Kinghorn and 
Yorke), not by G.palpalis, and that G. swynnertoni is also an efficient 
intermediary. 

Kleine regarded T. rJiodesiense as the form taken by T. gamhimse TThen in- 
troduced into a new area and transmitted by tsetse flies of the morsitans group, 
and as distinct from T, brucei ; whereas Duke considered T. rhodesiense and 
T. brucei the same ; whilst Lavier held that T» gxmbiense^ T. rhodesieme and 
T. brucei are one and the same species. On the other hand the International 
Commission on Human Trypanosomiasis concluded that T. rhodesiense is merely 
T. gamhiense transmitted by a different species of tsetse, viz. G. morsitans. 

Yorke and his collahorators pointed out that the selective cytolytic 
action of normal serum on trypanosomes and the resistance of T. gamhiense, in 
contradistinction to T. rhodesiense, may be the true explanation. By this test, 
T. rhodesiense and T. brucei appear to he identical, but the serum resistance 
of T. rhodesiense is not a fixed or stable character, but one which is readily 
acquired and quickly lost. The fact is that there are no constant differential 
characters in these two human tr 3 rpanosomes. The rhodesiense type is un- 
doubtedly more virulent than gamhiense, as the latter has become habituated to 
man by long residence in his body, whilst the former is a more recent acquisition 
associated with (?. morsitans, and usually with big game, especially autelopes. 

The modern biological view is that the trypanosomes are members of an in- 
traspecifio unit, and that they have originated from T. brucei, probably from some 
antelope strain. 

Geographical distribution. — Rhodesian trypanosomiasis occurs 
in North-Eastern Rhodesia, especially in the Luangwa Valley, about the 
southernmost hmit, 14° S. ; throughout Tanganyika Territory ; in 
Portuguese East Africa ; in Nyasalaud, especially in the region south 
and west of Lake Nyasa : in fact, its distribution closely corresponds 
with that of G. morsitans in East Africa. (Map I.) A virulent outbreak 
at Mwanza, Tanganyika, was transmitted by G. swynnerioni. 

.etiology. — In human blood (Fig. 18—7, 2), T. rhodesiense is morphologically 
indistinguishable from T. gambiense and T, brucei t but if it is passed through 
the rat or guinea-pig, a small but variable proportion of the parasites, especially 
the stumpy forms, will be seen to have their nuclei located posteriorly to the 
kinetoplast — ^that is to say, at the non-flagellar end of the organism (Fig. 18- 
4, 5, 6). This feature, formerly considered specific, is not now regarded as 
important, because similar changes are undergoae by other trypanosomes. 

A good deal of work has been expended in attempting to prove and disprove 
that T. rhodesiense is no other than a strain of T. brucei inoculated into man. 
When injected into rats, T. brucei exhibits the same proportion of posterior- 
nucleated forms as T. rhodesiense (Bruce). Taute aud his fellow- workers dis- 
proved this conclusively by inociilatinfij themselves and 129 native porters 
with dog’s and mule’s blood containing T. brucei, with a negative result, while 
rats, dogs and a goat, inoculated with the same blood at the same time 
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succuinlbed. In 1936 Sice proved polymorphism and posterior-nucleated forms 
existed in T. gamble Jisa. 

Pathology. — The visceral lesions of T. rliodesiense trypanosomiasis 
are probably more often fatal than lesions of the central nervous system. 
HaAvking and Greenfield (1941) described extensive trypanosomal effusions 
in pleural, peritoneal and pericardial cavities, associated in the latter 
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Fig. 18. — Forms of Trypanosoma rhodesicnse. (After Lavmm,) 

1 , 2, Nonual forms in blood of man ; a-(», varh ms sUmros of i)OBtorior tlisulaeorntuii of 
ilio nuelouB ; 7, a dividiu^^ form. 

instance with inflamnation of myo-, epi- and endocardium. The cerebro- 
spinal fluid contained numerous trypanosoiuos, but the k^sions in the 
nervous tissue were singularly slight, being limited to a histiocytic infiltra- 
tion of the cerebral membranes. The cell count and protein content 
were not much raised. 

Symptoms are similar to those evoked by T. gamUmse, though febrile 
paroxysms are more frequent, and severe glandular enlargement is not 
often met. The disease generally runs a much more rapid course, and 
fatal symptoms usually supervene within a year of infection, death taking 
place from convulsions. Acute mental symptonas, such as mania, are 
frequent. 

Buchanan observed that rapid emaciation, weakness, fever and cedema 
constitute the most obvious signs of toxic action resulting from this 
infection, while careful observation on the heart showed that in nearly 
evpy one there is a marked effect on the cardio-vascular system, with 
irritability and tachycardia. The characteristic erythematous rash is 
usually marked. 

The course of the infection is usually so rapid that patients succumb 
before the sleeping-sickness stage develops. 

Lamborn and Howat (1935) recorded that very mild and almost 
symptomless infectiop may occur in natives of Nyasaland. The parasites 
are quite numerous in the bloodstream, but are not seen in the glands 
or cerebro-spinal fluid. On inoculation into animals a virulent infection 
ensues. Similar cases were reported by Woolf in the valley of the Rovuma 
Biver in Tanganyika in 1910, and it has been shown that these symptom- 
less earners may be the starting point of an outbreak. 
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Diagnosis is the same as for T. gambiense. In acute cases trypanosomes 
are plentiful in the peripheral hlood and diagnosis can readily be made by 
examinations of thick drop specimens. Possibly the parasites are more 
easily demonstrated by lymphatic-gland puncture. Thus, Kleine found, 
in a series of 82 cases, 24 had trypanosomes in their glands and blood ; 
4 in the glands, but not in the blood; and 4 in the blood only. 

Corson proved, in a self-inflicted experiment, that a local circular 
erythema with a darker and slightly tender centre is a useful indication 
of an infective bite by glossina in light-skinned people. 

Teeatment 

Tryparsamide and other preparations (see pp. 126-127), which are of use in 
T. gamhiense infections, appear to be relatively powerless in T. rhodesiense cases, 
but tryparsamide has been used along with antrypol (suramin) with success 
{see Maclean, p. 129). Unfortunately, some of the apparently cured cases which 
were then recorded have subsequently relapsed. Eecent reports indicate that 
melarsen B, or arsobal. is the most active drug in this trypanosomiasis. 
Goodwin (1953) has suggested that pentamidine is specially effective as shown 
by Keevill and de A. Silva in Mozambique who has reported success in 22 out 
of 25 acute rhodesiense infections. The trypanosomes decreased in numbers 
within 16 hours and disappeared in 28. 

In resistant cases the substitution of pentamidine isethionate and tryparsamide 
proved more effective, but there are areas where the antrypol-pentamidine 
combination gives the greatest number of successes. 

The treatment with antrypol {gernimin) is more hopeful, and remarkable 
successes have so far been recorded ; in fact the drug appears to exert a 
much more immediate action than in T. gamhiense infections. Dye, in 
Tanganyika Territory, advised intravenous injections on the first, third 
and fifth days, and subsequently at intervals of five to seven days till a 
total of 7 grm. has been administered, and claimed the disappearance of 
the trypanosomes from the peripheral blood took place within twenty -four 
hours. Antrypol, no doubt, has a remarkable sterilizing effect in early 
haemic infections. 

Prophylaxis. — Prompted by his investigations of the hypothesis 
that big game act as a reservoir for T. rhodesiense, Yorke advocated the 
extermination of this faima, but recent investigations tend to show that 
these conclusions were premature and that man himsel may often be the 
chief source of infection. Jack, in Southern Rhodesia, studying the 
behaviour of G. morsitans, found that the fly was attracted to mau by 
stimuli of movement or scent. Dark colours were most attractive, 
especially black. White clothing appeared to have some protective value. 

Other prophylactic measures are the same as those advocated for 
T. gamhiense. {See p. 130.) 

Prophylactic injection of antrypol.— Duke (1934) showed by 
experiments on human -volunteers that the prophylactic action of antrypol 
is more effective against T. rhodesiense than T. gamhiense. (See p. IBl.) 

For further details of African trypanosomes, see Appendix, pp. 905-1)07. 
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IL SOUTH AMERICAN HUMAN TRYPANOSOMIASIS 
Synonym. Chagas’ Disease. 

Definition.— Usually an acute, more rarely a chronic disease, caused 
by Trypanosoma {Schizoirypamim) cnizi, and flisseniiiiat(M by certain 
reduviid bugs. The acute stage of tlio disease is characterized by diarrhoea 
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Geographical distribution. — la the provinces of Minas Geraes, 
Sao Paulo. Rio Grande do Sul, and Goyaz in Brazil ; in the states of 
Trujillo and Miranda in Venezuela; and in the Western Argentine in 
Tucuman and Jujuy; in children in Cordoba, Argentina, and in the 
Catamarca province. (Map 11.) The disease has also recently been 
found in Panama and in Guatemala, in Bolivia, Peru, Ecuador, Chile 
(provinces of Tarapacti and Jurico), in Venezuela, San Salvador, in 
TJruguay, Colombia, and in Mexico. 



Fig. 1 9. — Try<panoso7na cruzi : schizogony in heart- muscle. 
{From a preparation hyj. Gordon Thomas.) 


Trypanosoma cruzi, or trypanosomes resembling it, have been found in 
bugs [JPanstrongyVus, Triatoma and Bliodnius) in California and in Texas, 
but they apparently do not transmit the disease to man in these regions. 

y^tiology. — During the febrile attacks the parasite, T. cruzi, can 
be found only sparingly in the blood, though in the acute disease, as seen 
in children, it is more abundant. In chronic oases, in which the chnical 
symptoms may be puzzling, parasites are apparently absent. Apparently 
in human beings this is a disease of childhood, but in Panama a case has 
been found by Ludeberg in a man of seventy-seven. 

This trypanosome was at first referred to a separate genus, Scliizotry- 
panum, on account of its distinctive method of multiphcation in the 
human body. Instead of the longitudinal division which occurs in other 
species of trypanosomes, this parasite proliferates in the cells of the 
internal organs, especially in the interior of striated muscles, such as the 
heart. Two forms, one slender, the other broad, are found in the peripheral 
blood. In the internal organs multiplication takes place by schizogony 
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(Fig. 19) at a very rapid rate, the resulting forms resembling leiahmania 
bodies wbicli, four days later, become transformed once more into trypano- 
somes that invade the blood-stroam. (For a complete account of the 
parasite, Appendix, p. 908.) This tryi)an(^some, as it occurs in the 
blood, can be distinguished from other liuniaii trypaiiosonios by its peculiar 
“ C ’’-shape, and by the oval appearance of tlio Idneto-iiucleus. Dividing 
forms are never seen in the })1()0(L It is by no memis ci|rt<iin whet, her it is 
related to, or identical with, Tnjpnnosoim mspertiliomH in bats. 

T. cruzi is easily cultured oii N.N.N. medium, in which it assumes the 
stunted forms usually seen Avhen it is found in its dotinitive hosts. 

The reservoir-hosts of T. cmzi are animals peculiar to the country in 
which the disease occurs ; there are various species of armadillo, opossum 
and others (see Appendix, p. Oil). 

It is possible that closely mlated trypanoaoinoa — 7’. rangdi and T. arkirtii — 
may also be responsible for a certain munlxn-of cases ( Fig. 231 ) (sea p. 912). 

Transmission.*— Tho adult trypanosomes arc ingested by the inter- 
mediary invertebrate host, the hug, Pa^istrongyliLS niegistuSf either in its 
larval, nymphal, or adult stage (Pig. 399, p. 1 007) . After they have passed 
through many stages in the intestinal canal, in a period of 8-10 days, 
fully formed trypanosomes, known as “ metacyclic forms, ro-appoar in 
the hindgut aud are passed out through the fa)cos of the insect. Infection 
of man, therefore, probably takes place when the insect defiecatos into the 
wound caused by its bite. The original idea of 0. Chagas (1909) that 
infection is conveyed by the bite of the paustrongylus has not been con- 
firmed. Mayer stated that infection may bo conveyed through the bug 
in a hereditary manner. In the Northoru Argentine the common host 
appears to be the “Unchuca” {Triatonia injestans) ; in Uruguay T. 
nihrivaria, hut many other species of the genera Panstrongylus, Bhodnius, 
Eratyrns and Triatoma can transmit the infection. Fifteen species of 
Triatoinidse belonging to four genera can iransjuit infection in Brazil, but 
only three are of epidemiological importance— P. megistiis, T. injestmis 
and T, sordida {see Appendix, p. 1067). 

Under experimental conditions, all laboratory animals can be rea.dilv infected, 
and under natural conditions the domestic cat has been found to harbour this 
trypanosome. Developmental forms have been found in bugs as far north as 
Utah- In infected animals transmission from the parent to the olfpsring m 
utero can apparently take place, according to G. Chagas, who originally affirmed 
that congenital transmission frequently takes place in man. The marsupial 
opossum of Australia ( Trichosums mlpecula) is susceptible (Backhouse). 

Pathology. — The post-mortem appearances have been described in 
children. The heart is usually enlarged and there is an excess of yellow 
or greenish pericardial fluid, sometimes containing a few fibrinous flakes. 
In microscopic sections there is evidence of diffuse myocarditis and between 
the muscle fibres there is extensive infiltration of lymphocytes, plasmocytes, 
macrophages and round cells. There is enlargement of the spleen, 
parenchymatous degeneration of the liver, and general enlargement of the 
mesenteric glands. The thyroid gland, as a general rule, is congested and 
hypertrophied. There is general infiltration of the subcutaneous tissues 
and thickening of the serous membranes. Subserous occhymosos arc 
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common, and small haemorrhages in the brain and spinal cord have been 
described. The skeletal muscles appear to be the seat of election for 
multiplication of the parasite, and the changes are essentially similar to 
those in the heart. The gross lesions in the various organs are due to the 
presence of the parasite. Under the microscope, cyst-like cells, containing 
leishmania forms, can be found, particularly in the striated muscular fibres, 
and in those of the heart. When the suprarenal glands are affected, 
pigmentation of the skin and other 
evidence of Addison’s disease have been 
observed. The blood does not show 
great changes, as a rule, but in the 
acute stages considerable leucocytosis 
with mononuclear increase has been 
recorded. The trypanosome may 
persist without causing severe anaemia 
for a very long period, and has been 
found in the blood of a man twenty- 
five years of age who exhibited no 
marked symptoms of disease. 

Sympitoms.—Attention has been 
drewn to a primary lesion— termed by 
South American observers a chagorna — 
which results from invasion of the skin 
and surrounding tissues by prolife- 
rating trypanosomes. This takes the 
form of a local inflammatory swelling, 
in which leishmanial forms of the 
parasite multiply within the fat cells. 

This is followed by a centripetal 
lymphangitis with formation of nodules along the path of the vessels. 

Mazza and Freire described similar lesions which they considered hsema- 
togenous as well as cutaneous swellings, the size of olives, adherent to the 
skin, in the suprahyoid, pectoral, and other regions. On the chest they 
may be as long as 8 cm., raised above the level of the skin, of cartilaginous 
consistency and violet-red. Some foiirteen days after the infecting bite 
a rash may be seen (iNIazza and Mizara) on chest and abdomen, consisting 
of sharply defined red spots, the size of a pin’s head. There is no pain 
or itching, and the exanthem fades entirely within seven to ten days. 
Some three weeks from the time of infection oedema of the eyelids, some- 
times also of the malar and temporal regions, together with unilateral 
conjunctivitis (Romana’s sign) is noted (Fig. 20). There are some reasons 
for believmg that occasionally the conjunctiva may be the port of entry 
for T. cmzi, as E. Chagas has shown experimentally (by placing the excreta 
of hugs on the rabbit conjunctiva). Furthermore, in an accidental 
laboratory infection recorded by Herr and Brumpt, the site of entry was 
undoubtedly the conjunctiva, and infection was followed by dacrocystitis, 
swelling of the face, pyrexia and adenitis. According to Talice and Thai 
dacrocystitis may be uni- or bilateral and is invariably accompanied by 
facial oedema. 



Fig. 20,— Unilateral conjunctivitis as 
an early sign of infection with T. cruzi. 
{Publicaiion No. 24, Universidad Buenos 
Aires.] 
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Enlarged Ijmphatic glands eoiitaliiiiig loishmniiia forms o! T. cmzi are 
described by Mazza, in n.ssociiition Avitli Uio inoculation cliagoina, in 
satellite Ijnnphatic disscnninatioji, as well as ginioralized lyinpliarluniiis. 

The further course of the disease is at prc^seiit ratin'!’ obscure. Chagas 
(1934), in an experimental inoculation of a patient suQbniig from incurable 
malignant disease, observed no outstanding inaiiifostatioiis beyond 
intermittent pyrexia. Trypanosomes appeared in tiho blood on the 
thirty-eighth day. 

There have been so many discrepancies in the published accounts of 
the clinical manifestations that it is difiicult to dc'seribe any particular 
symptoms as distinctive. Some believe that there arc notu^. WilltT, for 
instance, found his Panama cases distinctly nogativo, and the try[)an()- 
somes vanished from the peripheral blood within the course of ’ a few 
weeks. Eeichenow (1934), working in Ouatoinala, obsorvcul sovorad 
symptomless cases and thought that (ho infection may diffc^r in intensity 
in different countries. Tbero, about 3 per cent, of children of liv(i months 
of age were infected, and trypanosomi's w('r(‘ ])r(^s(aiir in the l)loodstr<umi 
for ten to thirty days. 

Chagas and his colleagues described an aente. Jom with pyrexia, ospocially 
in infants, with general anasarca and thyroid onlargoiiieiit, and soniotiincs 
also with general lymphadenitis. The liver and spleen may both bo enlarged. 
In the terminal stages the child develops symptoms of inoningo-cncophalitis. 
Mazza and his colleagues describe an intoruiittont quotidian typo of fever with 
a double peak as strong presumptive evidence of Chagas’s disease. Intermittent 
fever persists as long as the trypanosome is present in bho ))loo(l. ''riio chronic 
form, according to Brumpt, may assume a rnyxccdcniaioua, cardiati or nervous 
complexion. The former is frequent in children up to fifteen years of age and 
is characterized by thyroid insudieiency, scanty urine and dry skin . TTio cardiac 
t5rpei8 characterized })y cardiac arrhythmia aiidextrasystolos vvitli hraehycardia ; 
the nervous type by intention tremor and various paralyses. 

Kuraus has pointed out that it is diilicult to distinguish ondernie goitre and 
cretinism, which are frequent in the geographical range of this disease, from 
acute and chronic trypanosomiasis as depicted by Chagas. Munk has found 
that in Brazil, where Chagas made his observations, 75 per cent, of the population 
normally has goitre and there is a cretin in almost every family. It is therefore 
more than likely that the signs of thyroid insufficiently formally ascribed to 
Chagas’ disease are not, in fact, due to it. 

An account by Talice^ and Rial (1941) described an invostigation 
of 165 acute infections in children in Uruguay. The diagnosis was 
established hy the xeno-diagnostic method. There were two deaths from 
myocarditis, established at autopsy. More extended practice with the 
yiscerotome (p. 849) has established the fact that death in Chagas’ disease 
is usually due to involvement of the myoeardium. Meiiingo-encophalitis 
has been described as an early or later manifestation. 

Diagnosis.— The trypanosome is usually present in very small numbers 
in the bloodstream, and prolonged search may he required. It may be 
necessary to collect the blood in citrated saline and subject it to lengthy 
centrifuging. The parasites may sometimes be found in the cerebro- 
spinal fluid by lumbar puncture, but puncture of tho lymphatic glands or 
of spleen, bone marrow occasionally rovoals them. A readier method of 
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diagnosis is to inoculate a guinea-pig with the patient’s blood ; the develop- 
mental stages of the parasite may he found subsequently in the organs. 
In the acute form positive results are said to be obtained in 26 per cent, 
of cases, but in chronic cases animal inoculation is negative. 

These difficulties in diagnosis have led to the elaboration of a complement - 
fixation test (Machado, Villela and Bicalho). The antigen is prepared from a 
glycerin extract of heart and spleen of infected animals. Lacoste, using a 
glycerin spleen extract of infected puppy, recorded positive reactions in 68*5 per 
cent. (Machado). Recently, however, artificial cultures of T. cruzi have provided 
a more reliable antigen. The specificity of the test against other forms of human 
trypanosomiasis must be accepted with reserve, but it seems evident that there 
is no parallelism between the Machado and the Wassermann reactions. An 
intradermal test was introduced hy Mayer and Pifano, using an extract, “ Gruzin,” 
prepared from cultures of T. cruzi, 

Brumpt suggested a method of xeno-diagnosis which consists in feeding 
laboratory-bred Panstrongylus with the blood of the suspected person, and 
demonstrating the cyclical development of the trypanosome in the intestinal 
tract. Borzone’s modification of Brumpt’ s method consists of collecting 10 ml. 
of blood in a dry syringe. It is then placed in a watch glass and 4-6 larvae of 
T. infestans are fed on it under cover in a bell-jar which is kept in darkness. 
When engorged they are set apart at 37° C. and their faeces are examined from 
time to time during two months. 

Differential diagnosis. — On clinical grounds, Chagas’ disease is to 
be distinguished from endemic goitre, ancylostomiasis, (jxaves’s disease, 
cretinism, myxoedema, Addison’s disease, and other disturbances of the 
endocrine glands. 

Treatment. — Spontaneous recovery in febrile cases has been recorded. 

Treatment has been carried out in Brazil by Mazza and his colleagues 
with Bayer 7602 (Ac) and since 1940 with Bayer 9736 (As). The former 
is a quinoline derivative ; the latter contains 22 per cent, of arsenic 
and 5 per cent, of sulphur. The dose of 7602 is 22*2 mgm. per kilo ; 
5 ml. of a 3 per cent, solution is given intramuscularly, rising 
gradually to 20 ml. According to Talice and Rial, this compound 
acts directly on the trypanosonaes and indirectly reduces the leishmanial 
forms in the tissues. Five injections are given on alternate days. 
9736 is less toxic and better tolerated than 7602, and is given intravenously 
in 10 per cent, solution. The usual dose is 1*5 ml. (0*15 grm.) for adult 
men, and less for children and women, increasing to 3*0 ml. and even 
4*5 ml. It is given twice or thrice weekly to a maximum total of 50 ml. 
(5 grin.) in men, 40 ml. for women, and 30 ml. for children. Certain 
phenanthridium salts (Browning and Leckie) also appear to he effective. 

Prophylaxis. — This should be directed principally to the suppression 
of the insect concerned — Panstrongylus {Triatoina) ^megistus (Fig, 399, 
p. 1C67.) This is a large black insect belon^ng to the family Reduviidse, well 
known to the natives, who call it “ harbeiro,” because, presumably, of its 
fondness for the face.^ The nymphs bite and can convey the infection, but 
the adults, having wings, are more dangerous. In the daytime they live in 
the grass walls and roofs of the dirty native houses, or of pigsties, coming 

^ To Americans these insects are Ixiiown ns ** kissing-biigs ” because of the lesions they produce on the 
eyes and lips. 
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out after dark in search of their food — blood. Their habits indicate 
better and cleaner housing, sleeping off the ground, and protection by 
mosquito-netting. DDT and BHC have been used for destroying reduviids 
(Chapter LII). Pelloux speaks highly of SNP (Thiophosphate-o-diethyl- 
o'-paranitro phenyl) either in emulsion or dust. The former in 1 per cent, 
solution at the rate of 200 ml. per sq. m. kills triatoniata. 

The fact that the armadillo is the reservoir-host suggests that human 
habitations should be placed as far away from the burrows of these animals 
as possible, and that the floors of the houses should he constructed so 
that the armadillo cannot burrow underneath them. Brumpt has called 
attention to the fact that one form of reduviid, Panstrongylns geniculatus, 
which normally feeds on the armadillo, is commonly met with in the 
burrows of a Rock, or Moco, cavy, Kerodon riLjpestris, and that the trypano- 
some can be found in these bugs at great distances from any human 
habitation. Spontaneous infection of local armadilloes has been reported. 
It is, therefore, possible that the disease exists independently of man. 
Robertson has also found large numbers of this trypanosome in the blood 
of an opossum (Didelphis) in Honduras. {See also p. 91 1.) 
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LEISHMANIASIS 

Under the title “Leishmaniasis” at least three diseases are included— 
Kala-azar, Oriental Sore, and Espundia. (Map IIL) These, though 
clinically quite distinct and having each a definite topical and geographical 
distribution, are all associated with what, optically, at any rate, appears 
to be the same organism, Leishmania. 

T. KALA-AZAE (VISCERAL LEISHMANIASIS) 

Synonyms. Tropical Splenomegaly ; Black Sickness ; Sirkari Disease ; 
Sahib’s Disease ; Burdwan Fever ; Dum-dum Fever ; Ponos (Greece) ; 
Hard el Bieha (Malta). 

Definition. — An infective disease characterized by chronicity, irregular 
fever, enlargement of the spleen and often of the liver, and the presence 
in these and other organs of Leishnimia donovanu 

Geographical distribution —India— Assam, Madras— along Ganges 
and Brahmaputra. China — N. of Yangtse E. between coast and Ime 
joining Peking-Hankow; Provinces of Kiangsu, Shantung, Chih-li, north 
to Jebol, Peiigtien, S. Manchuria and Mongoha. S. Canton. Sudan— 
Kassala and Blue Nile districts. Abyssinia — S.W. Omo river and N. of 
L. Rudolf. N. Kenya — Uaso Nyiro river and Nairobi-Addis Ababa road, 
Kitui reserve. Italian Somaliland near Cape Gardafui; Senegal, Dakar, 
Chad and French Niger Territory, Gambia (Gunjivo), N. Nigeria, French 
Guinea, Cameroons, Congo, Tunis, Tripoli, Morocco, Algeria, Egypt (rare), 
Sicily (Catania), Italy, Corsica, Crete (Canea), Spain (Marid E. and S. 
Coasts), Portugal, Turkey, Hungary, Yugoslavia, Cherbourg, S. France 
(Marseilles), Greece (Messinia and Peloponnese), Athens, Salamis, 
Macedonia — Salonica, Drama, Serres, Kavalla, Grecian Archipelago, 
Malta, Tiansjordania, S. Arabia (Yemen), Russia W. and E. of Caspian, 
Transcaucasia and Turkestan, Persia (Reid), Shiraz, Abadan. 

S. America — N.E. Brazil, Sergipe — Araea-ju, N. Bohvia, N. Argentine, 
Chaco, Oran, Tabacal, Paraguay, Colombia, Venezuela — States of Guarico 
and Bolivar, Guatemala (Cabrera). (Kala-azar was first discovered in 
Paraguay by Migone in 1913.) The routine use of the visceroiome brought 
many fatal cases to light. At first the parasite was provisionally separated 
as L. chagasi, but it has been shown that there is no valid distinction from 
I/, donovmi. In its epidemiology it resembles the Mediterranean form, 
whilst naturally-infected dogs and eats have been found in endenoic areas 
in Brazil. 

Epidemiology. — The main information on epidemiology has been gained 
from the Assam epidemics which, beginning about 1870, have recurred at 
irregular intervals since. The epidemic advanced slowly along the Brahmaputra 
Valley at the rate of some hundred miles in seven years. Its introduction into 
a village has usually been traced to some individual from an infected locality. 
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Generally it clung to a place for six years and then disappeared without any 
apparent change in local conditions. A house seemed to retain the infection for 
many months, and natives considered it dangerous to re- occupy under a year. 
In 1922-3 it extended up to the headwaters of the river at Dibrugarh where it 
had never been known before. 

At the present time kala-azar is confined to Assam, Bengal, Bihar and Orissa 
and the United Provinces as far as Lucknow. It stretches patchily down the 
East Coast of India as far as Tuticorin. 

On account of its deadliness, kala-azar, as it swept onwards, became a terror 
to the natives. Those suffering from the disease were turned out of the villages ; 
sometimes they were made unconscious with drink, taken into the jungle and 
burnt to death. Some villages cut off all communication with neighbouring 
villages for fear of infection ; other villagers deserted their homes and even 
migrated to a different district. 

The neotropical form occurs in various types of country — in miserable hovels, 
in dense forests, in desert country and on river banks. 

It has been remarked by Kirk that the patchy distrihutiozi of kala-azar in 
the Sudan somewhat resembles that of Brazil. Here the disease is endemic 
in the Kassala and Fung districts bordering the Abyssinian and Eritrean frontiers. 
Hence the endemic area extends westwards as far as the White Nile. In the 
southern Sudan an endemic focus wms found in the Kapoeta district, which 
lies between Abyssinia on the east and Kenya and Uganda on the south. A 
third endemic area exists in Darfur, the most westerly province of the Sudan. 

Archibald and Henderson have shown that kala-azar is found in particularly 
restricted areas in eastern Sudan, especially along the Blue Nile and its tributaries 
from the Abyssinian border to within 150 miles south of Khartoum ; there the 
river flows through open, flat plains of thick loam, where the temperature rarely 
falls below 60° F. ; the disease particularly attacks ill- fed children. 

Giraud states that in the Marseilles ^strict the disease has been apparent 
since 1922, 146 cases having been recorded. The endemic zone does not extend 
west of the Bhone in dry, scrubby districts where houtonnense ’’ is most 

abundant. 

The outstanding epidemiological features of the disease in India and China are 
that it is confined to rural districts, especially alluvial plains, and does not usually 
occur above 2,000 feet. The temperature conditions are a monthly mean maxi- 
mum below 100° F. and a monthly mean minimum above 45° F. In India a high 
degree of humidity is a common factor : not so in China. In the Mediterranean 
the greatest number of cases occur from March to May ; in Assam, in the cooler 
months from November to February ; in the Sudan, after the rains between 
August and December ; in China no seasonal incidence has been observed. 

Napier states that an outbreak is usually determined by a concatenation of 
climatic and other factors such as widespread distress after an earthquake or 
an influenza epidemic which determine a general increase of cases. When aU 
susceptibles, especially the children, have been attacked, all those in fact who 
were spared from the last epidemic, then and then only the disease dies down. 

Mediterranean form . — In 1904, leishmaniasis was discovered in Tunis by 
Gathoire, and important studies by the Sergents, Nicolle, and many others 
showed that the parasite occurs in many of the islands and countries 
in the Mediterranean basin, especially Sicily, Greece and Crete ; that there 
it is usually confined to young children — infantile kala-azar — the parasite 
of which has been considered a distinct species ; and, further, that, whilst 
in India dogs are seldom affected, in the Mediterranean basin and in Spain 
very many of these animals are naturally the subjects of leishmaniasis 




1, Parasites enclosed in endothelial cells in film from spleen 
puncture, stained with Leishman. 2, Free forms from spleen. 
3, Blood-platelets in same film for comparison. 4, Parasites 
enclosed within splenic pulp cells, as seen in section, stained 
with hsematoxylin. 5, Parasites in histiocytes and endothelial 
cells in intestinal mucosa. 6, Diagram of Leishman- Donovan 
body, highly magnified. 

LEISHMAN-DONOVAN BODIES IN KALA-AZAR 

PLATli VI X 1,1)00 
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(I/, caninuvi), and in most cases are closely associated with the infantile 
human disease. 

Adler and Theodor have stressed differences between Mediterranean 
and Indian kala-azar ; in the Mediterranean, children under one year are 
attacked, -while in India kala-azar in infants is uncommon. (It must 
not, how^ever, be thought that Mediterranean adults are always immune.) 
In the Mediterranean area it is a seasonal disease both in infants and in 
dogs. On the outskirts of towns and villages it usually appears in April 
but is very rare after November. In China, too, it has been observed that 
children are infected solely in the sandfly season. Thus, if a child he 
born in October, the first signs may he observed in the following August. 

Nicolle differentiated the parasite, which is morphologically indistin- 
guishable from L. doTiovanij as Leishmania injantmii, but Brumpt con- 
sidered that this type is normally a parasite of the dog. The resistance 
of L. infantum to antimony therapy was remarked upon by Adler. 

This close association between the canine and human disease is not 
invariable ; dogs are commonly found infected in Morocco, where human 
kala-azar is very rare ; in Teheran (Persia) the canine disease is very 
common : the human disease unknown. 

Probably, however, the canine form is more widespread than formerly 
supposed ; in China, for instance, it has been found in Peking as well as 
in Manchuria {see also Appendix, p. 913). 

Infected dogs can be recognized by their extreme emaciation, and 
thickened and ulcerated skin. 

Even in India kala-azar occurs amongst infants and Napier has reported 
it in a child less than eight months old. In Bengal the peak of age- 
incidence is eighth to tenth year in girls and from tenth to twelfth year 
in boys. 

Kala-azar may suddenly break out where previously unsuspected. Thus, 
Schretzenmayr described a sudden outbreak at the beginning of 1938 amongst 
Chinese troops in Canton, where the disease had not been previously noted. 
The j&rst case was diagnosed through the discovery of leishmania in a malaria 
patient, and during the next five months a further 83 cases were identified. 
The disease appeared to follow the usual course, but in a number of cases jaundice 
was a feature. Sudden •outbreaks have also been recorded in Nigerian troops 
in Northern Kenya and Southern Abyssinia during the recent war. One half 
of patients admitted to hospital died, 

i^)tiology. — The kala-azar parasite (Plate TI) is included by most 
authorities in the genus Leishmania (though it is morphologically in- 
distinguishable from the genus Lepiommias), Two stages are recognized, 
intxacorporeal and extracorporeal. The parasites grow and multiply 
within the host cells in the spleen, hone marrow and lymph glands. They 
are transported along protoplasmic processes which pass from cell to cell. 
They may also be liberated from disrupted cells and taken up by others. 
Parasites are also taken up by leucocytes and enter the bloodstream, 
where most of them are destroyed, although they may survive in numbers 
sufficient to be detected by blood culture. 

Leishman-Donovan bodies are typically parasites of the reticulo- 
endothelial cells. The parasite is a small ovoid or roundish organism 
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meastiring 2-4 (j. in diameter. When stained according to Leishman’s 
method it shows two lilac-coloured chromatin masses, one larger than the 
other, enclosed in a cytoplasm having a faint bluish tint about the 
periphery. The larger is the trophomicleus ; the small rod-liko body is 
the rhizoplast. It divides by longitudinal fission. 

In smear preparations the parasites are often free or in clusters of 
various numbers, sometimes arranged with great regularity like the 
merozoites in the segmenting quartan or tertian malaria parasites. 
Sometimes as many as 50 to 200, or even more, are found together embedded 
in a structureless matrix or stroma, the remains of the original host-cell. 

The parasite can be cultivated outside the body. The medium used by 
Eogers was citrated blood. When kept at blood-heat the parasites degenerate 
and disappear, but at a temperature of 20-22° 0. they multiply rapidly and 
assume an elongated motile flagellated form. The flagellum arises from the 
rhizoplast and projects at the anterior end of the body as in Leptoynmas, but 
there is no undulating membrane as in trypanosomes. These flagellated forms 
measure 12-20 g in length, and multiply by longitudinal fission. They move 
actively, flagellum foremost, and tend to agglomerate into rosette groups with 
their flagella directed centrally. The N.N.N. medium is now considered the 
best for culture, but technique must be particular, as bacteriological contamina- 
tion rapidly lulls the parasites. Reichenow’s medium of citrated blood and 
Ringer’s solution is also very sixitable. A special medium consists of embryonic 
hamster tissue, heparinized blood, embryonic fluid and spleen extract. Wenyon 
has succeeded in keeping the parasite alive in successive cultures for fifteen 
years. The flagellated forms have not been found in the human body, but 
Wenyon has noted that they may be associated with typical leishman bodies 
in canine leishmaniasis. The parasite can be communicated to dogs, cats, 
jackals, monkeys, rats, voles, hamsters and mice, provided that large doses 
are injected into the peritoneal cavity or into the liver. To infect a dog, it 
is necessary to inject 2-4 ml. of a thick emulsion of infected spk^en, liver, or 
bone-marrow. Intravenous injection is by no means so successful, while injections 
of cultures rarely succeed. 

It has now been shown that for growth Leishmama donovani and L. tropica 
require ascorbic acid, hsematin and also an unknown substance in the serum. 

Transmission of the parasite. — Adler (1940) has made some inter- 
esting and suggestive observations during attempts to reproduce the 
disease in five patients with advanced malignant disease by injecting 
flagellates from cultures and from the organs of infected hamsters. The 
incubation period was five months, before it was possible to demonstrate 
the parasites in blood or glands. None of the patients developed marked 
splenomegaly, fever, or other signs of the disease during nine months. 
The explanation of this anomaly is not at present forthcoming. 

The dog is considered the chief reservoir of infection, but in China, a 
small rodent, the striped hamster {Cricetulus griseus), has proved in the 
laboratory to be extraordinarily susceptible, and this animal has once 
been found naturally infected in the wild state. In Morocco a small 
squirrel {Xerus geUdiis) has also once been found similarly infected. 

On account of the peculiar topographical distribution of kala-azar in India 
Sinton first suggested in 1922^ that a sandfly (JPhhhotoinms) was the insect vector 


1 Private communioation to Knowles. 
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and in the same year Kapier found a close correspondence between the distri- 
bution of P. argentipes and the number of kala-azar cases, and noted that this 
species of sandfly feeds solely on man. A similar suggestion about the leish- 
mania of oriental sore had already been put forward by Wenyon in 191 1 and 



Fig, 21. — Section of Phlehotomus argentipes, showing pharyngeal infection with 
Leislimania donovani. {From Indian Jl. Med. Res.) 

P, lumen of pharynx; P2, posterior termination of pharynx; T, ridges of crinUj 
portion of pharynx; M, muscles of pharynx; P, flagellate near anterior 
extremity of pharynx; F2, flatjellates anterior to crinhly portion; F3, 
flapellates breaking free from main mass of growth ; P4, massive growth 
of flagellates at posterior end of pharynx. 

subsequently proved correct by the Sergents in Algiers. Since then a large 
amount of work on the subject has been performed by Christophers, Shortt, 
Kjiowles, Napier, Barraud, LJoyd, and Smith, with the result that a very rapid, 
intensive development of herpetomonas forms was found to occur in one species 
of sandfly — Phl^otomus argentipes — ^when fed on the blood of patients suffering 
from kala-azar. The whole midgut becomes infected and in some individual 
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insects the infection spreads to the pharynx, and cvm to i.he l)uc‘eal cuivity 
(Fig. 21). Subsequently it was found possible to transmit, the infeetion to 
hamsters by artilicially infected sandflies in the laboratory and later (1942) 
Swaminath, Shortt, and Anderson announced the successful transmission of kala- 
azar by the bites of sandflies to seven liuiuan volunteers. Tim success, after 
years of fruitless effort, was obtained by sustaining the sandflies during the two 
weeks of development of the parasite on fruit-juie-os. 

In other endemic centres diflerent species of sandfly arc involved : Phk- 
botom^is major in Eastern Mediterranean ; P, perniciosun in Western Mediter- 
rean and North Africa; P. clihiends and P. seroenti, var.7)}ongolims in China; 
P. langermi in Sudan ; and P, intermedius in Soutli America. 

An account of tlie bionomics of tlie sandtly will bo found on [i. 101 0. 

Hu and Ga.sli made the most interesting observation that tlie hushimiu 
bodies are taken up by tlio colls of tho rotimilo-ondotluilial sysknn, or 
clasmatoc 5 dcs, and these, in cxporimontally-in foctinl luuustin’S, bocunno 
massed as a thick layer of heavily infected tissuo lying imniodiatoly 
underneath the skin, though oxtornally no change can b(^ S(<(ui. This 
observation has boon eonfirnnid by Hindle and in skin st'ciions From fatal 
cases of kala-azar a similar condition has boon found. All liwtds of .the 
skin below the epidermis contain loishmania-lillod cud Is colloctod in 
large masses about the swoat-glaiids and a^rteriolos and scaitcu'od diffusely 
throughout the corium. Tho relationship between tins condition and tho 
curious skin eruptions (p. 1 54) described in India is of intorost, and suggests 
how the parasites may bo abstracted by saudtlios. 

It had been suggested that the transmission may be diroc;t from man to nuin 
through the foeces. The evidonoo for tins is based upon tho fa<sb that Icislunania 
parasites occur in polypoid masses in some intestinal caaos of kala»azar within 
the intestinal mucosa. Shortt arxd his colleagues demonstraiod Leishtnan- 
Donovan bodies in numbers in blood-and-nmcoiis stools in a hoy Huih'ring from 
kala-azar with dysenteric symptoms. 

Forkner and Zia in China, on tho other hand, discovered IciHlunanin in 
material obtained by passing a swab over the nasal mucosa of nine kala-azar 
patients, and parasites were also seen in the material blown from tho iioso (droplet 
infection). The tonsils wore heavily infected. Material from these situations 
produced kala-azar ,in hamsters by intraperitoncal inoculation. 

Shortt and Swaminath also reported Leiiihvmma donovani in the nasal mucus 
from cases of Indian kala-azar. In a certain proportion of advanced cases viable 
parasites are also excreted in tho urine. 

That kala-azar may occasionally be a congenital infection has been 
suggested by Carmichael Low and Cooko (1926), who diagnosed this 
disease in a child seven months old, horn in England of a mother who 
sufered severely from kala-azar during pregnancy. The fact that loish- 
mania is a tissue parasite makes it easier to understand tho mechanism of 
congenital kala-azar than that of congenital malaria. Two cases trans- 
mitted by blood transfusion have been reported by Chung. 

Predisposing causes. — Kala-azar attacks both sexes and all ages 
but shows a predilection for recently arrived immigrants. In the Medi- 
terranean basin it occurs almost, though not quite, exclusively in 
children (five months and upwards) : in India it occurs at any age. 
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Pathology . — TJie sfleen is grossly 
enlarged. In the acute stage the 
capsule is smooth, thicheiied and nodular, 
becoming in the chronic form almost 
cartilaginous. The splenic pulp is in- 
creased in amount and rery friable. 

There are usually numerous infarctions. 

The hypertrophy is due to congestion 
and reticiilo-endothelial proliferation ; it is 
estimated that a considerable part of the 
spleen substance is composed of parasites. 

There is little fibrosis. The leishmania 
are numerically more abundant in the 
spleen than in any other organ. 

The liver is also enlarged, brown or 
mottled, almost nutmeg in appearance. 

The Kupffer cells are packed with 
parasites. There is some pressure atrophy 
of the parenchyma cells and, finally, in 
the chronic stage, a fine intralobular 
cirrhosis. 

The lone-marrow is reddish, containing 
abundant parasites ; the destruction may 
he so extensive that very little blood- 
forming tissue remains. 

The Mdneys contain few parasites, which 
are carried there by the bloodstream. 

Those scanty parasites which have been 
found in the urine are probably derived 
from invasion of the bladder. 

The lungs show no parasites, but are 
liable to secondary bacterial invasion on 
account of the leucopenia which is such 
a constant feature of this disease. 

In the gastro-intestinal tract there is 
proliferation of reticulo-endothelial cells, 
especially in the duodenum and jejunum. 

The villi may become grossly hyper- 
trophied and swollen by packed para- 
sitized cells. Small ulcerations are not 
uncommon and parasites can be demon- 
strated in them, 

The lymphatic glands are generally 
enlarged and congested, especially the 
mesenteric group, and the tissue is usually 
invaded by large numbers of leishmania. 

There is also hypertrophy of the 
retro-pharyngeal lymphoid tissue, and 
Leishman bodies can be found in nasal and pharyngeal secretions. 
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The underlying essential pathology ol‘ this disease is blockage of the 
endothelial system (Hu an<l Cash). The parasites are engiiired by tlio endo- 
thelial cells ; they then nuiltiply until the ctdl rnpturus and the organisms, 
escaping into the bloodstream, are transporh^d to other organs. 

Symptoms. — Tlio mcubatioii period is dithcnlt to fix. In one English- 
man under Maiison's care the time that elapsed from his arrival in ])erfect 
health in the endemic region and the onset of fever which torminated in 
kala-azar (diagnosed microscopically both before and aft.or death) was 
under ten days. Kirk, on the other hand, from accurate observations in 
the Sudan, fixes the period between throe and six months, but it. may be 
as long as two years (Sweenty, 1945). In souu3 artilicially-intoci.c^d dogs, 
the disease, like dermal leishmaniasis, may remain latent for months. 



A primary lesion in the form of one or more minuto dark red papules on the 
face was described by Mirzoian in Central Asia. 

The onset may be gradual or sudden ; if gradual, it cannot be diagnosed 
at al on clmical pounds. If sudden, there is usually high fever, which 
may be prpeded by rigor and, in some cases, by vomiting. The initial 

in some instances. 

more frequently remittent, often with a double remission in the twenty- 
four hours, resembhng that of suhtertian malaria. It lasts from two to 
six weeks, occasiondly longer. Waves of fever, separated by apyroxial 

hn+b ™dulant fover, and during the pyre'xial periods 

both the liver and the spleen enlarge. There may be daily ngors, L that 
mateia may be suspected A four-hourly temperature & ?n a weU- 
marked case may show a double or even a trip'e rise of fever 
It is now generaUy accepted that, though the underlying elhiioal picture 
IS basically the same, there exist different clinical t^es and that the 
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leishmania parasites vary considerably in virulence and in resistance to 
treatment. The Indian and Eastern forms are on the -whole less deadly 
than the Sudanese or that encountered during the war in Southern 
Abyssinia and in Northern Kenya. The infantile Mediterranean form 
also appears to be a distinct clinical entity. Earely the full clinical picture 
may not be developed. In soldiers who contracted the infection in 
North Africa and Sicily in 1943 some showed enlargement of the lymphatic 
glands, particularly of the cervical group, associated with complete freedom 
from other signs and symptoms. On the other hand, some of the Southern 
Abyssinian cases were extremely severe. A nodular rash developed -which 
coalesced to form warty masses in wMch parasites were demonstrated. 

The clinical picture. — The spleen is usually 
enlarged from the commencement of the illness, 

-whilst the liver does not become appreciably bigger 
until the disease has lasted some months, hut in 
rare cases in the initial stages, enlargement of the 
spleen may not be an outstanding feature. The 
Editor has treated cases in -which hepatomegaly 
persisted for some months before the spleen he- 
came palpable. G-eneralized lymphadenitis is 
common, and in China and in Brazil, uniform en- 
largement of the cervical glands has been observed. 

In India, too, cervical adenitis may sometimes 
occur, and occasionally, too, there is enlargement of 
the epitrochlear glands. 

Then comes a period of apyrexia and general 
improvement, to Idg followed once more by fever, 
splenic and hepatic enlargement, and perhaps ten- 
derness. In women arnenorrhoea is often an early 
syinptorn. In this way spalls of fever and apyrexia 
recur for mouths, absolutely uncliecked by quinine, 
until finally a low form of fever, rarely over 102° F. 
becomes more or less persistent. Profuse 
sweats are common during remissions at all stages 
of the fever ; in the more chronic rigors 
occur exceptionally. Pains in the limbs often 
suggest rheumatism. Wlaen the disease is 
thoroughly estabhshed, emaciation and anscmia 
become notic^‘able, and, together with the enlarge- 
ment of the liver and spleen, produce a typical 
appearance. Qiidema of the legs, sometimes eircura- 
scribed, may he present. In many cases the 22.— Kala-azar in 

skin acquires a strange earthy-grey colour ; this Napier!) * 

dusky pigmentation, which has given rise to the 

native name, kala-azar, “ the black disease,” is best seen on the feet, 
hands and abdomen in Europeans, though very difficult to distinguish 
in dark-skinned natives. The hair is apt to become dull, dry, and brittle, 
and may fall out; petechias, in the axillae especially, are not un- 
usual ; epistaxis and bleeding from the gums are common. This coiulition 
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of chronic fever, enUir£?einent of spleen and liver, omaoiation, and 
anemia ina ,7 continue for inonthi:; or ovon one or two ytuirs, until 
improvement sets in. More nsnally — % per cent, of oases (Jiogors), 150 
recoveries in 2,000 cases (rrice), 24 recovori(vs in lOOcasos (Lignos)— 
the patient is cut off by some intercnrreiit disease, especially ciysont(uy. 

One outstanding clinical feature is that, in si)ite of the ])ationt’s weak, 
emaciated condition, the pyrexia, and tlio protnberaut abdomen duo to 
splenic enlargement, he preserves a good appetite a.nd a clean tongue ; he 
may be working with a teinperaturo of 102° F. quite unaware that he lias 
fever (Fig. 22). There is no malaise or apathy. In this rt^s})oct kala- 
azar differs from malaria and other toxic fevers, such as typhoid . Kala-azar 
usually lasts several years, but the Sudan cases, especially, may run an 
acute course in about five months. In the terniinal stages ascites may 
develop, due to gradually increasing cirrhosis of tlu^ liver. Amnmia may 
become progressively severe. Haunic inuriiiurs of flio Inuirt jire oft<ui 
heard. Hjeuiorrhages may occur from any parii of body, and purpuric 
patches may appear on the skin after local injury. J’)eat.h may tuism^ from 
several causes. When due to tlio disease alojui it results from exhaushon. 
Dysenteric symptoms are frequent, and may bo duo to intestinal le^siona 
caused by Leishman-Donovan bodies, or to a superadded infoctiou with 
amoebic or bacillary dysentery. Broneho-pneuinonia and noma are 
frecpient terminal symptotns. Proctor, however, re})orts that noma can 
be arrested in the early stages by scrupulous daily inspection of ilie mouth. 
Should a grey line of ulceration on tiic gums bo soon, it should be 
energetically treated with carbolic acid and spirit. It may bo that this 
gan^enous process is not so much due to the kala-azar as to the leuoo- 
penia, and it has a striking analogy in thi^ angina which is charact.t'rist.ic 
of agranulocytosis. 

Blood changes.-- Ance?nia is invariable in advanced cases and is due 
to destruction of the erythroblastic tissue of the bone marrow. These 
changes are not so obvious in the infantile form. The rod blood cor- 
puscles are often reduced to 2,500,000 per cu. mm. with a corresponding 
and parallel fall in hemoglobin. 

The most remarkable change is leuco'pmia. The leucocytes are reduced 
below 3,000 per c.mm. in 95 per cent, of cases; below *2,000 in 73 per 
cent.; and 1,000 in 42 per cent. The proportion of loucocytos to 
erythrocytes, normally 1 to 750, stands at 1 to 1,500 or even 1 to 2,000. 
The differential count usually shows a relative increase of lymphocytes, a 
moderate increase of large mononuclears and almost complete absence of 
eosinophiles. (The biochemistry of the blood is described on p. 158. 
Owing to the increase of euglobulin in the serum, Henry’s reaction is 
usually positive.) The liability of kala-azar patients to pneumonia 
and superadded septic infections is ascribed to leucopenia. 

The reduction in leucocytes may proceed to acute agramlocytosis. 

Acute toxic kala-azar. — When kala-azar breaks out in a new area, 
especially in the stress of war, it may assume an acute and almost un- 
recognizable form. This happened in Nigerian regiments during the 
1940-41 Abyssinian campaign, as reported by Cole, Cosgrave and Eobinson. 
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The case mortality-rate of one outbreak was almost 50 per cent. The 
onset was sudden, often with rigors, headache, epistaxis, high fever, 
abdominal pain, vomiting, painful liver and spleen. In a proportion of 
cases the course of the disease was so rapid that the spleen never became 
palpable. Eenal symptoms were noted, whilst the urine contained 
albumin and casts. The complications were haemorrhagic : bleeding from 
gums, skin petechias, and blood-and-mucous stools, (ffldema was noted 
in three cases, and in three there was general anasarca (Cole, 1944). 

Infantile kala-azar. — This occurs typically in Malta where it has 
been graphically described by Bebono. The youngest case was 4 months 
old, in the majority the age is 1-2. There are important bone-marrow 
changes in which the haemopoietio elements are crowded out by pro- 
liferating endothelium, but the myeloblastic tissues suffer to an even 
greater extent, so that leucopenia is always a prominent feature and 
agranulocytosis is apt to supervene. This is responsible for the great 
liability to secondary infections and cancrum oris. The blood platelets are 
reduced to 100,000, so that thrombocytopenia results in haemorrhagic 
purpura and ecch 3 ^moses. The incubation period is usually three to four 
months. In children under two the onset is acute with hjrperpyrexia and 
vomiting. Untreated it is invariably fatal. In older children it runs a 
subacute course lasting six to eighteen months. The course of the disease 
may be cut short by bronchopneumonia or cancrum oris. Sudden death 
may be due to hyperpyrexia, vomiting, intense dyspnoea or haemorrhage. 
A double crisis is common, one at 11 a.m. and the second during the even- 
ing, followed by sweating in the early hours of the morning. Pair children 
develop pallor rapidly with slight generahzed cedema suggesting subacute 
nephritis. The lymphatic glands are usually enlarged. Splenic puncture 
is regarded as the most reliable test, hut on account of the danger, blood 
culture performed with meticulous technique is preferable. The formol- 
gel, antimony and other biochemical tests are not usually reliable before 
the fourth month of the illness. The clinical picture may resemble that of 
splenic anaemia (Banti’s disease) very closely. 

Dermal leishmanoid. — A cutaneous form of leishmaniasis, in which 
the parasites occur in nodules in “ butterfly patch formation on face, 
forearms, inner aspects of thighs and pubic regions, was first reported by 
Christophers in India in 1904, and Thomson and Balfour in the Sudan 
in 1909, and has since been observed in the Blue Nile (Kassala) districts. 
It was described by Brahmachari in India under the name of dermal 
leishmanoid,” or “ post-kala-azar leishmaniasis.” No cases have been 
recorded in the Mediterranean. It is certainly a sequel to generalized 
infection with L. donomni, as more than half the patients who e^bit 
this curious eruption had suffered from kala-azar about one year previously 
and had been given antimony treatment. In Bengal 6 per ^cent. of 
patients so treated have developed dermal leishmanoid. The leishmania 
are found in smears from the nodules, and cultures have been obtained 
from the lesions. It is not at all clear at present what the significance^ of 
this phenomenon is, or what factor causes the organisms to establish 
themselves in the skin. This condition occurs in all classes of the 
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coiumiuiity, in perMoiiri of all ages and Indli soxi‘S. Aiiiinioiiy ii|)])ears to bc^ 
specific, but cure is Jioi. so rapidly tdTocted as in ilu' visceral form. 8til- 
bainidiue is useless. 

The first, or depignientcd, stage usually appears as (JolourlesH patelies oti the 
face and upper extremities, gradually spreading to the remainder of the body. 
Minute dots gradually enlarge to irregular areas half an irndi in diameter which 



.'I'l, ■!' ',ll' 

III 

1 ' 



Sill:’'': 

til' III '"'iiii 


1" 

. fm 


Fig. 23.— Dermal leishmanoid. Extensive nodular lesions. on face and ears. 

{Acton and Napier, Jnd. JL Mad, lies.) 

occasionally tend to break down. There is cedema of the suhpapiJlary tissues 
accompanied by dilatation of the vessels. Below this there is infiltration by 
macrophages of the subpaphlary plerus. The second, or nodular stage, is seen 
about two yeare after antimony treatment. (Mg. 23.) Usually the nodules 
depigmented patches, but there are certain areas, sui^ as the face 
Where the nodules appear much earlier than in other parts of the body. They mav 
<S membranes and ears, and may closely resemble leprosy 

in the Sudan a puncta,te cutaneous eruption has been described by Kirk, and in 
t e Wger n^ules leishmania can be demonstrated, espeoiaUy towards the 
completion of antimony treatment. The epithelium is thin and the subpapiillry 
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layer is CBdematous, with atrophy of the fibrous and elastic tissue. Subjacent to 
this oedematous area is a granulomatous mass consisting of proliferating macro- 
phages. There is also a xanthomatous form. These lesions are raised, orange- 
coloured plaques which are painless and do not ulcei-ate. 

Preliminary treatment with massive doses of potassium iodide causes the 
nodules to ulcerate and they then become susceptible to intravenous injections of 
urea stibamine {see p. 160). 

Association oj kala-azar with oriental sore . — It was formerly considered 
that these two clinical entities were never associated, but this appears 
to be by no means invariable. Originally Chris topherson, Kirk and 
Macdonald in the Sudan, described cases w’here visceral, cutaneous, and 
even mucosal lesions are present in the same individual. In China, too, 
Wang found subcutaneous nodules, composed of endothelial cells with 
many leishmania. In the Sudanese form of kala-azar circumscribed 
cutaneous ulcers with a tendency to coalesce are the most frequent. 

In^ discussing the evolution of leishmania infections in man Kirk 
considers that no hard-and-fast line can be recognized between the three 
types. 

Eye leswns. — R. E. Wright showed that when eye lesions occur in 
kala-azar, as in malaria, they are due to retinal haemorrhages in the 
posterior segment of the eye. 

Immunity .—There is no definite evidence of the mechanism of immunity 
to kala-azar. It has been shown that immunization against bacterial 
infection is not interfered with by the blockage of the reticulo-endothelial 
system which results from generalized leishmania infection. 

Noguchi was able to demonstrate differences in antigenic structure 
between L. donovani, tropica and braziliensis, but that L. infantum and L. 
chnovani were antigenetically identical. Some strains of L. caninum are 
closely related to L. donovani. Complement-fixation antibody was 
demonstrated by Hindle, using an emulsion of the flagellate stage as 
antigen. 

Diagnosis. — Irregular chronic fever with enlargement of the spleen 
and diminution in the number of leucocytes in patients from the endemic 
zone suggests kala-azar. Exanmiation of the blood can at once exclude 
leucocythaemia and also malaria,- if taken together wnth absence of tertian 
or quartan periodicity and the inefificaey of quinine, atebrin or paludrine. 
Sometimes in early infections diagnosis is very difficult, when Leishman- 
Donovan bodies cannot be found, the formol-gel test is negative and 
leucopenia is absent. 

Splenic puncture must not be lightly undertaken. A preliminary examination 
of the blood should always be made to ascertain the degree of anaemia, to exclude 
leucocythaemia and to obviate the necessity for splenic puncture, and the attend- 
ant risk of fatal haemorrhage so easily induced in that disease. Liver puncture . — 
When the liver is enlarged, it should be punctured instead of the spleen as it is 
less vascular and less easily tom, but, as a general role, the parasites are not so 
abundant and the results are therefore unsatisfactory. In performing puncture, 
the abdomen should be firmly fixed with a binder to prevent, as far as possible, 
movement of the diaphragm and consequent risk of tearing the punctured 
organ. The patient should be injected with ySirgr. of atropine one hour previously 
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and tJio piiiictiirc siio infiltrated with nowocaiii to tloadon pain. It ia \vm to 
give 30 gr. of (uilciuin lactate the evening boforo and on the morning of the 
puncture. The lower border of the S]>le(m or liver .should ho steadied by the 
hand. A hypoderniio needle, aorupiilonsly clean and di\y/ and connected with 
the barrel of the syringe by a short length of rubber tubing, should be used, the 
patient being directed not to start or breathe when the puncture is being made. 
The type of needle is most important. The boro should ho nedther too big nor too 
small. The Editor has found Maw’s size No. 10, with a shaft 40 mm, in length, 
the most suitable, and Napier has doviaod a special spleen -puiKrturo syringe 
(Fig. 24). The patient should hold his breath in full inspiration whilst the 
needle is in the spleen. He should he given ixothuig by the mouth for at least 
two hours befoi’c puncture. He should lit^ siipiiu^ on tbe^ loft side of the Ix'd and 
the operator should stand on his left side. The skin is inliltratcd with 2 per 
cent. x)i“ocaine hydrochloride solution, l^ocal ana'Hthesiii is eontimuxl up t-o the 
peritoneal layer with 20 g^iugc needle. Kailiirc to draw blood is not. to Ix' 




Fig. 24.— Spleen puncturing syringe. {After Ool, L. B, J^nper,) 


regarded as failure to obtain material for niiurosisopical e.N:ainiaatit>ii; on thc‘ 
contrary, it is an advantage, as the object is to procure spleen or liver pulp, not 
blood. After the contents of the needle have been blown out on a slide, it may 
be trans-illuminated by an electric pocket-torch to discover tlu*- luiuuto sago- like 
masses of splenic tissue. A film should then bo spread and, after it has dried, 
stained by Leishman’s or Giomsa’s method, and then examined with a in. 
objective. Adler points out the desirability of culturing the material obtained on 
suitable media, as the parasites may be so few as to bo missed by examination of 
smears. 

Splenic puncture is not advisable in infants on account of the danger of 
laceration and iatraperitoneal hsemorrhage. For puncturing the liver the site of 
election is the 7th or 8th intercostal space in the mammary lino. 

Lymphatic gland puncture is efficient and simple (Kirk and Sati), generally 
most efficacious in the glands of the groin. The lymph is massaged into the 
needle, into which it runs by capillary attraction. The skin is sterilized, and 
the glands identified, pulled up from the underlying tissues and steadied by 
juxtaposition of the index finger and thumb. A dry sterile needle (hypodermic 1 d) 
is pushed through the skin into the gland; and it is easy to feel when the needle 

^ A trace of water in the needle will distort or hurst the parasite and render it unrecognizable. 
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has entered. It is held there for a second or two, then quickly withdrawn and 
attached to a small syringe, by which the gland “ juice ” in the needle can be 
blown on to a slide and stained by Leishman stain. 

Sternal puncture was advocated as a diagnostic procedure by Lovando in 
Athens, by Andrew Ura, Regli, L. Bmmpt and Benhamou. It is safer and surer 
than spleen puncture, and Chung in Peking considered it the best method, 
and that a local anaesthetic is seldom necessary, A shortened lumbar punctoe 
needle is inserted at an angle of 30 or 40 degrees at the level of the second or thkd 
interspace. The needle, with contained stylet, is pushed with a boring action 
through the bony lamina. When the marrow is reached, the stylet is removed 
and a syringe for aspiration attached. Even in the absence of parasites, a 
myelogram is said to be distinctive. The average is : granulocytes 23, erytho- 
blasts 24, hyaline leucoc 3 dies 53. KormaUy granulocytes are four times as 
numerous as erythroblasts and 3*5 times as hyaline leucocytes. 

Bone puncture . — Giraud considered tibial puncture the method of election 
in yormg children. The point selected is the inner surface of the tibial epiphysis, 

1 cm. below the knee joint. A fine trocar and cannula is passed until entry 
into the spongy tissue is signalized by loss of resistance. The bone marrow 
changes indicate regenerative action of the normoblastic type and inliibition 
of myeloid cells (see above). The material should be sown on appropriate 
media in every case, as parasites are usually too few to detect in smears. 

Blood examination . — The frequency 'wdth which this parasite has been 
found by blood examination varies in different localities. In some places, 
as in Madras and Assam, Leishman-Donovan bodies are evident in about 
60 per cent, of all cases examined, enclosed within large mononuclear 
cells, and to a lesser extent within polymorphonuclear leucocytes. 

Knowles and Das Gupta used tMek films, prepared by placing four 
drops of blood on a slide, mixed so as to cover an area of J sq. in. The 
film is covered with a Petri dish and dried at 37° C. for two hours. It is 
then flooded with glacial acetic acid (2-5 per cent.), 4 parts, crystalline 
tartaric acid (2 per cent.), 1 part, for five minutes. After tilting off the 
fluid, the film should be fixed with methyl alcohol and covered with dilute 
Giemsa stain. It is claimed that by this method leishmania can be found 
in 67 per cent, of cases. 

Shortt and his colleagues place a small drop at one end of a slide 
with a second one applied in the usual manner, and spread a thin film. 
At this stage the spreading slide is abruptly lifted, so that the blood-smear 
ends in a straight edge which is somewhat thicker than the rest of the 
smear. 

Young and Van Sant obtained good results by centrifuging 5 mL of 
blood in Locke’s solution (modified) (sodium chloride 9 ^m., potassium 
chloride 0*4 grm., calcium chloride 0*2 grm., sodium citrate 10 grm., 
distilled water 1,000 ml.) at a speed of 750 revolutions. ^ The parasites are 
readily discovered in films from the bottom of the centrifuge-tube. ^ 

The presence of the parasite in the peripheral blood can be verified by 
blood-culture. For this purpose 2 ml, of blood are drawn off by means 
of a 2-ml. syringe, and mingled with 1 ml. of 6 per cent, citrate solution 
in a sterile tube ; this is placed in a cool incubator and allowed to sediment 
for two hours. The deposit is drawn up by a pipette, inoculated into 
two or more tubes of N.N.N. medium, and placed in a cool incubator. 
Examination of cultures is made about the tenth day, when flagellate 
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foiiiis are observed, bat ()l)sorvation iinist bo coiitiiauHl for at loa-si t,\voiity 
claysi. Splenic pulp may bo cultured in ilio Hamc^ juaniun'. 

Biochemical reaciio7is,—T\ie iilbaliiiity of the blood is said to bo decreased, 
while in some cases the eoagulatioi i- time is very considerably prolongod. 

A specific comjQlerfUiit fixation test was .introduced by Niyogi and Ray (1942). 
The antigen is prepared from washed flagellates from 48-hour culoures of I. 
donovani: 00 millions ml. was found to be relial)Ie. The Huspomsions were 
shaken for 48 hours in a machine and then kept in a refrigerator. 

Aldehyde, ‘"formol-gcl tost” (or the soriun-forinalin reaction (Brahinaohari 
and Napier) proved to bo very useful as a method of diagnosing kala-azar on a 
large scale. About 5 ml. of blood is withdrawn from a vein and allowtnl to stand 
a sufficient time for the serum to separate; 1 ml. of clear serum is then placed 
in a test-tube (3 by in.), and to this 1 drop of ,30 jier cent, formaldehyde, or 
commercial formalin, is added. The scrum is at once wdl shak(‘n and placed in 
a test-tube rack at room temperature. Ju a eertaia proportion of (uisos of kala- 
azar, especially in chronic eases, solidification of the serum tiik(vs pla(*e within a 
space of three to twenty minutes, but a. control of normal s(‘nnn slioidd always be 
made. Napier himself states that “ jellificaf.ion ” wit.h opatuty (like the white of 
an egg) of the serum may be taken as diagnostic of kala-azar, if the disc'asK^ is of 
more than throe or four months’ standing, but milkincss without solidification 
only takes place in early cases. But in exceptional (uisc^s oven this reaction iIoc^h 
not become apparent until an advanced stage. fShoiild the Horum Ix^ baMnoglobin- 
stained, this will change to chocolate-brown after iw'cmty-four hours. In (Kuiaiii 
cases of syphilis, leprosy, hepatic cirrhosis, sc^histosomiasis, subaemk-j cndocnixlitis, 
lymphadenoina, phthisis, and malaria the serum will solidify, htit r(unains (ijear 
and does not become opalescent as in kala-azar. The reaction, which occurs 
in twenty minutes, is given as ; after two hours as -j-H , and after 

twenty-four hours as -f . 

Other so-callcd lability reactions are also positive, as for instauccN the Takata- 
Ara which is used for the diagnosis of liver cirrhosis and other diaoases with 
increase of globulin in the blood : 0*02 nil, of blood is mixed with Oni ml. of 
distilled water. ^ Haziness or cloudiness develops after live minutes and the 
globulin test is positive ; after fifteen minutes a distincit precipitate occurs, 
The distilled water must be neutral with pH varying between 7 and 7‘2. 

In kala-azar it has been proved that the plasma globulins aro increased, 
while the albumins are diminished. In kala-azar, the albumins arc 2-8 ; the 
globulins 4*0, as compared to 4*6 and 2*0 per cent, respectively in the normal. 
Lloyd and Powell constructed a typical globulin curve of kala-azar in which 
euglobulin constitutes 40-50 per cent, of the total. Auto-agglutination of the 
red blood-corpuscles is often noted, as in trypanosomiasis, more especially 
in advanced cases. The thymol turbidity test of Ranguo consists of the addition 
of 0-05 ml. of serum to 3 ml. of saturated solution of thymol buffered to pH 7*8. 
Readings are made with a Vernes photometer and a green screen after thirty 
minutes. Complement fixation (Chung) is of diagnostic and prognostic 
importance. The antigens are prepared from spleen and livers of infected voles 
and hamsters. 

Aniiimny tefit. — Chopra pointed out, and Napier confirmed, the curious fact 
that the addition of a 4 per cent, solution of pentavalent antimony compounds 
to kala-azar serum causes a heavy precipitate, the amount of which corresponds 
to the efficacy of that compound in the treatment of the disease. 

The method is as follows : One to two drops of blood from tho pricked finger 
are allowed to flow into a Dreyer’s tube in which has been placed 0-25 ml. of 

^ The Bramochari reaction or ring test ” consists of one part of patient’s serum to two i)iirt-s of <iIatjlleU 
water when a ring forms. It is also non-specific. 
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a 2 per cent, potassium acetate solution. The tube is then inverted to mix 
the contents ; a little of this mixture is transferred to another tube, and a 4 
per cent, solution of the antimony compound (stiburea, for example) is added 
by means of a capillary pipette and allowed to percolate along the wall, so that 
it comes to lie below the blood mixture. In a positive case a floccuient precipitate 
forms at the junction. In very early cases it may not appear for 10-15 minutes : 
in the more advanced it is immediate. The character of the precipitate is 
important in kala-azar ; it is so floccuient that it is not easily broken up by 
shaking, and it does not disappear in tw’enty-four hours. 

In cases of doubt it is a good procedure to dilute the serum with 10 volumes 
of distilled water and to repeat the test. Alcohol must not be used for cleansing 
the finger. Andre (1932) claimed that the results are improved by reading the 
opalescence produced in kala-azar serum by urea stibamine by means of the 
“ Yernes-Bricq-Yvon ” photometer. 

Napier stated that the aldehyde and antimony tests are almost of equal value. 
Out of 201 cases of kala-azar diagnosed by discovery of the parasite, 166 gave a 
positive antimony test, and 128 the aldehyde test. 

Differential diagnosis has to be made from splenic anseniia, bacterial 
endocarditis, cirrhosis of tne liver, trypanosoimasis, and Egyptian spleno- 
megaly (Schistosoma mansoni) which, save for the absence of the parasite 
and the characteristic pyrexia, may closely simulate kala-azar. Visceral 
syphilis, with enlargement of liver and spleen, malignant disease and 
tuberculosis of the spleen, may have to be excluded. In China and Japan 
kala-azar may have to be differentiated from intestinal schistosomiasis 
(Schistosoma japonicum), in which enlargement of the abdominal organs 
may occur. The remarkably clean tongue and the good appetite serve in 
some measure to differentiate kala-azar from chronic malaria, to which may 
be added the considerable emaciation, absence of extreme ansemia, double 
daily rise of temperature (in 88 per cent, of eases), distension of the super- 
ficial abdominal veins, and pigmentation of the extremities. 

Tebatment 

Antimony treatment. — The reaction of a kala-azar patient to antimony 
treatment can be assessed in various ways: in improvement in the clinical condi- 
tion, increase in body- weight, shrinkage in size of the spleen and of the liver, 
and increase of the leucocyte count. The relative proportion of serum globulin 
can be gauged by the aldehyde test, which is positive so long as the parasites 
remain active in the body and, moreover, persists for two to three months after 
the patient has, to all external appearances, completely recovered. 

Even in cases reacting favourably to treatment, it is stated that apparently 
unchanged and viable parasites may he found in the spleen even after a gramme 
or more of antimony preparations has been injected, but by the time the spleen 
has retracted within the costal margin, the Leishman-Donovan bodies have 
disappeared altogether. 

1- Treatment with pentavalent compounds of antimony, — 
(a) Neostihosan is the amino salt of para-aminophenylstibinic acid, contams 
40 per cent, of metallic antimony, and is comparatively non- toxic. It may be 
given in a strength of 25 per cent., either intravenously or intramuscularly. The 
doses may be given daily, but generally speaking, alternate days are preferable. 
The initial dose for an adult is 0*1 grm., the second 0*2 grm,, the third 0*3 grm. 
This compound appears to be especially well tolerated. About ten injections are 
required for an average case, and a total of 2*7-4'0 grm. is usually necessary to 
effect a cure. 
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It has been pointed out by Neumann that in Malta, quite apart from tho 
difficulties in administration, intravenous injections of antimony in children 
are apt to be followed by broncho-pncuinonia, but ncostibosan, when given 
intramuscularly, is almost equal in olfcct to the intravenous nicthod. A dose of 
2-5 grm. suffices within a period of six weeks. Debono, on the oilier hand, 
favours injection into the jugular vein in small ehildrcn and considers the intra- 
muscular method less satisfactory, and that by this method absorption is poor. 
The initial dose of neostibosaii is 0*05 grin., increased by another 0-05 grm, (or 
0*025 grm. in infants under one year) until limit of tolerance as shown by vomiting. 
The course is one of 16 injections. The average total dose is O-l-O'IS grm. in 
babies under a year; 0*2-0-2r) grni. under two years, and 0*3 gnu. in older 
children. If after two nioiitlis the spleen is still enlarged and Lcislinian- Donovan 
bodies present, a second course of higher dosage is advisable, hlood transfusions 
are necessary when the hminoglobin is under 40 per cent. Penicillin has no effiect 
on the Leishman-Donovaii bodies, bnt is invaluable in treatment of intorcurrent 
broncho-pneumonia. 

(b) Urea stibamim, — amhiostibureiu mrbo-Mmwiue,, carbantlnc-- (stibnrea — 
C 7 H] 20 ( 5 N 2 Sb), is a compound of urea with stibamino (p-aniinophcMiylstibinii^ 
acid), and was introduced by Brahmachari. This c^om pound is apt to undergo 
chemical changes if exposed to the air. ITroa stibamine is undoubtedly an 
efficient preparation and often succeeds wlicre other peniavalcnt. salts fail; in 
resistant cases it may he given in corubinaiion with neostibosnn; and the ICclitor 
has seen successful results from this method. '’Phe total amount to effect a cure 
is about 3 grm., and the usual length of treatment is one month; if, for some 
reason or other, intermission in treatment takes ])lace, the iiarasites t-emd to 
become antimony-fast. Urea* stibamino may be givmi intraniuscudarly to 
infants in doses from 0*01-0-08 grtn. in 1-2 ml. distilled water, a total ofOdif) grm. 
being necessary. 

(c) Solustibosan 661 (pentavalent antimony gluconate) was introduced by 
Kikuth and H. Schmidt who considered it in many ways superior to ncostibosan 
in the treatment of kala-azar. It is issued in ampoules of sterile isotonic 
neutral solution in water so that 1 ml. contains 20 ingin. of antimony ; thus 6 ml. 
correspond to 0*39 gmi. of ncostibosan and contain 0*120 grm. of antimony. 
It can be given intramuscularly or intravenously. Tlxe initial dose is 6 ml. for 
sensitivity test. Thereafter it is 12 ml. daily, or oa alteinato days, up to a 
total of 120 ml. for an adult of 60 kg. weight. On account of tho danger of 
allergic reactions it is advised that a break of ten days should bo made between 
the fifth and sixth injections, if any untoward symptoms are observed. 
N eosiam (B.W.) is a similar preparation. Pmtostdm (sodium antimony gluconate) 
has been used by Tuckman in Chinese kala-azar. Tho total dosage is 9 ml. for 
a child of 10 kg. and 30 ml. for adults of 50 kg. or over. This preparation is 
non-toxic. 

Stibatin (Glaxo) is supplied in rubber-capped bottles containing 20 mgm. 
pentavalent antimony per millilitre. Tho doses advised are two 4-mL and nine 
doses of 6 ml. on alternate days, with a total dosage of 60 ml. In young children 
the injection is best given intramuscularly. Castanys (1945) recommended an 
oily suspension of antimony hexonate for the treatment of the infantile form in 
children of 7 months to 3 years. The total administered intramuscularly varied 
from 10 to 19 ml. This quantity was given in ten daily injections, or in seven 
injections on alternate days. 

Tope effects of antimony treatment.— Christopherson stated 
that ‘‘ metallic taste in the mouth and throat need scarcely be considered 
as poisoning, hut vomiting, giddiness, delirium, a considerable rise or 
fall in temperature, diarrhoea, and cramp in calves should be taken 
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seriously. They are danger signals and, when they occur, the injections 
should be temporarily suspended. Rapid pulse, cold, clammy skin, signs 
of collapse, in fact, are serious symptoms of poisoning.” Discomfort or 
pain in the chest, cohc, headache, severe arthritic pains in shoulder and 
other joints, bone pains, especially in the shins, and even jaundice may be 
noted. 

Disagreeable symptoms are less likely to ensue since the introduction 
of the pentavalent salts of antimony. The death-rate among kala-azar 
patients has undoubtedly been much reduced by their use (42 per cent, in 
1925, according to Napier). Jaundice is, perhaps, more common. 

2. Diamidino stilbene (stilbamidine) . — The Mediterranean and Sudanese 
forms of kala-azar have proved more refectory to antimony treatment, 
requiring on an average double the amount necessary to cure the Indian strain, 

Napier and his colleagues (1942) published results in a series of 100 Indian 
patients to whom stilbamidine was given intravenously in 1 per cent, solution. 
They concluded that the introduction of stilbamidine constituted a great advance 
in the treatment of kala-azar. Antimony -resistant cases responded particularly 
favourably. Weight for weight, only about one-quarter as much stilbamidine 
is required per case as neostibosan: 60 grm. suffices to cure 100 patients. The 
drug is apparently of no value in the treatment of dermal leishmanoid or 
cutaneous leishmaniasis. 

It should be dissolved in 10 ml. of water and injected very slowly, otherwise it 
may cause vomiting. Administration is followed by a very considerable fall in 
blood pressure and also by a temporary decrease in blood sugar. The patient 
becomes flushed, with a burning sensation in chest and abdomen and slight 
dyspnoea, probably the result of stimulation of the parasympathetic system; 
these effects can be mitigated by adrenaline. 

A disadvantage to the extensive application of stilbamidine has been the 
supervention of neuropathies, sometimes as long as three months after the 
cessation of treatment, possibly from the action on the basal ganglia, producing 
anaesthesia of the head and neck. Napier reported that in half of his patients 
subjective disturbances of sensation ensued, such as hypersesthesia, paraesthesia, 
anaesthesia, loss of sensation to light and touch, preservation of pressure sense 
and pain. In some these disturbances are transitory, in others they appear to 
be permanent. Epileptiform seizures have been reported by ICirk and Sati ( 1940). 

Pentamidine isethionate (or lomidine) is now used in place of stilbamidine and 
does not produce such disagreeable after-effects. The doses are the same as 
employed for the treatment of trypanosomiasis (p. 129). The dose for adults is 
180 mgm. on the first day increasing to 200 mgm. for 7-10 injections. Hazarika 
(1949) in 55 cases gave 10 per cent, solution of pentamidine intravenously in 25 
and intramuscularly in 28 ; 10-20 injections were given and the total relative dose 
(per 100 lb. weight) ranged between 0-6 and 3-0 mgm. Vasomotor-symptoms 
constituted the side-effects. G-hosal and Sinha (1948) gave pentamidine intra- 
muscularly on consecutive days in 10 per cent, solution: 1 ml. for the first, 
1 *5 ml. for the second and 2 ml. for subsequent doses. The temperature fell to 
normal after 5-6 injections. 

Splenectomy in Kala-azar. — Nicolle and Compte in 1910 performed 
splenectomy in a dog but it had no effect upon the course of the disease. 
In the same year, Alvares in Lisbon did splenectomy in a boy of 9. Though 
he recovered from the operation, be continued to harbour parasites in the 
liver. Similar results were obtained by Makkas in Athens, but in 1916 
Kokoris reported the successful cure of a child of 8 in Greece. Cochran 
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(1915) in the Cliiueae form, report, ed two succ('ssl‘iil eaH(‘S in adults, and 
haemorrhage was forestalled by the t,i*ausfusioii of 50-60 nil. of healthy 
blood. There \Yas iiiiiuediato marked increase of haimioglobin and absence 
of leucopenia. Parasites were still present in the liver. In 1 080 Timpano 
had a successful case in infant, ile kala-azar in Italy. Ahranii (1931) 
also recorded a successful result in MediterraiuMin kala-azar in a woman 
of 35. A coarse of neostibosan and blood transfusion (200 ml.) followed the 
operation. 

Martin, Chorine and P,ouoss6 (1985) roporttnl a similar (Ui,se from t.lu' 
South of France. 

Burchenal, Bowers and Kaedicke (1947) have also riicordod successful 
splenectomy in a negi‘o soldier infected in North Africa. The formol-gel 
test became negative on the twelfth wo(dv after operation. 

Morton (1948) has recorded fully the case of an Phiglish soldier infected 
in Calcutta with kala-a,zar completely resist,aut to nni-imoiiy treatment. 
The spleen, which weighed 5| lbs., was full of loishinania. He had a 
further course of carho-stibaniine, followed in twelve days by a full course 
of pentamidine. According to l)as and S(m (Tupi,a splenectomy does not 
usually cure these cases. 

Prognosis. — Kala-azar is, in the groat majority of cases, a chronic 
disease ; but acute cases are noted in the early sta,ges of an (^pideini( 5 . 
Marked intestinal disturbance, ascites and liver cirrhosis indicate a bad 
prognosis, as does also extreme leucopenia. Tlie progjiosis is naturally 
affected hy coincident infections such as malaria, tho dysenteries and 
ancylostomiasis. Napier pointed out that with superadded pulmonary 
tuberculosis it is especially grave ; hut there is a tendency to spontaneous 
cure in about 10 per cent, of cases. The oft-repoated statement that, 
owing to the introduction of the antimony treatinont, a 95-por-cent. 
mortality-rate has been converted to an equally higli recovery-rate, is, 
therefore, not strictly true. 

Prophylaxis.— -Domestic and personal cleanliness is of great im- 
portance. Infected dogs should be destroyed, and in tho endemic districts 
they should be kept away from association with man. Papantonakis 
proved that destruction of dogs in Oanea in 1983 was followed by marked 
decrease of kala-azar in the following year. Many years ago by segregating 
the sick, burning houses, clothing and furniture, and providing now huts. 
Price, Eogers, and Young succeeded in banishing tln^ disease in parts of 
Assam. Good results in prophylaxis have already followed the actual 
treatment of cases on a large scale. Energetic measures against sandflies 
should he instigated. This involves protection against sandfly bites and 
the control of sandfly breeding places hy DDT residual spraying. 

IL ORIENTAL SORB 

Synonyms. Tropical Sore ; Bonton d’Orient ; Delhi Boil ; Cutaneous 
Leislimaniasis ; Bouton de Biskra ; Bouton de Bagdad ; Aleppo Boil ; 
Salek (Persia) ; Pendeh Sore (Southern Russia). 

Definition.— -A specific ulcerating granuloma of the skin, endemic 
within certain limited a^eas in many warm countries. It is caused by 
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Leishinania tropica, and is characterized by an initial papule which, 
after scaling and crusting over, generally breaks down into a slowly 
extending and very indolent ulcer. Healing after many months, it leaves 
a depressed scar. The sore is inoculable and, usually, protective against 
recurrence. 

Geographical and seasonal distribution. — In the French Sudan 
the distribution of oriental sore is eo-extensive with that of P. papatasii, 
De Cisneros and Gomez state that cutaneous leishmaniasis occurs in 
association with kala-azar in Province of Marcia, 8 . Spain. Italy (Ahr uzzi) , 
Sicily, Crete, Cyprus, S. Spain. Asia Minor — Syria (Aleppo), Palestine 
(Jericho), Eed Sea Province, Egypt (Zagazig and Minia), Eritrea, Iraq 
(Bagdad), Caucasus, Arabia, Persia. India (Lahore, Multan, Delhi, Dera- 
Ismail-Khan, etc.). Transcaspia, Turkestan (Tashkent and Bokhara), 
China, especially Hunan. Sudan, Nigeria, Darfur. In S. America it is 
often found, but not invariably, in association with naso-pharyngeal leish- 
maniasis, especially in Peru, Bolivia, Brazil, Guianas, Mexico (Map II). 

In the tropics it is especially prevalent about the beginning of the cool 
season : in more temperate climates, towards the end of summer or early 
autumn. Years of prevalence may be succeeded by years of comparative 
rarity — possibly in harmony with altered sanitary conditions. In Delhi, 
for example, in 1864, from 40 to 70 per cent, of the resident Europeans 
were affected with the local sore ; when certain sanitary improvements 
were made, the frequency of the disease was immediately materially 
reduced. 

Epidemiology and endemiology. — Although oriental sore may 
occur in countries where kala-azar is endemic, its distribution is as a rule 
quite distinct [see Map III). In India cutaneous leishmaniasis is confined 
to the west, whereas kala-azar is endemic on the east coast. In North 
Africa, oriental sore occurs north of latitude 35°, whereas kala-azar is 
found south of this line. In Persia and Iraq, where oriental sore is very 
common, kala-azar is rare, though cases have been reported by Reid from 
Shiraz in the former country. Central Asia is an exception for, according 
to Gerschenowitsch, they are found side by side, even in a single family, 
and both diseases have been seen in the same patient. Apparently also, 
recovery from cutaneous infection does not necessarily protect against 
subsequent infection by the kala-azar parasite. Oriental sore and kala- 
azar are found together in the Southern Sudan and also in Crete, where, 
according to Alder, their respective carriers, Phlehotomus sergenti and 
P. major, are both present. 

In the endemic areas oriental sore appears to have a seasonal preference, 
making its appearance in the dry season between September and January, 
in cities like Aleppo and Bagdad, where the disease is very common. In 
Turkmenistan the maximal incidence is sestivo-autumnal. Children 
usually acquire it between 2 and 3 years of age, and natives rarely attain 
maturity without having had one or more sores. In fact, it may be said 
that nearly every woman in Bagdad hears on her face marks of the ravages 
of this disease and for centuries it has been the custom there to inoculate 
children to prevent infection in later life. 
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Eiissian workers in Tiirknionistaii rocognizo two nosologically in- 
dependont typos, and that tlio non-iilcorating form is the most typical. 
KojeMiikovs typos are iLekhnimiiwiis tarde exulcemns, ‘‘ dry typo,’' and 
Leishmaniads cutanea ciio exulcemns, “ moist ty])e.” Tlio former is rural 
and derived from animal reservoirs (gorbilles) : the latter, urban, from 
human sources. 

Oriental sore occurs as a natural disease in dogs and cats. Canine kala- 
azar with cutaneous lesions has boon found by Ro in Sian, Cliina. The 
organism has been demonstrated in cutaneous sores on tlio (jars, lips, nose 
and inner canthiis of iho eye of these animals in Tidiorau, Tashkcnii, and 
Iraq, where it is only seen during i.ho winter months (]\Iachattio, klills and 
Chadwick), and recently in South America juid India; wliile Shiton has 
shown that the leishinania soi'os occurring on the noses (jf dogs in India are 
transmissible to man. JMocaea monkeys are also easily inoculated. 
Oriental sore has been found as a natural infection of iJio brown bear 
and hullock in Turknienist-an, and on iho nose of a hors(^ by Ihmnctt in 
Ivordofan. Natural infections in gerbilh^s (Hhombonuja O'piwm) from 
Turkmenistan are common. Other gcrbilles, ]\Ierione>^ criithonrn,s and 
M. meridianus, and a ‘‘ souslik,’’ S'pmnoyr^/o 2 ?.sis‘ leptodaiiyiKs, have also 
been found naturally infected. The vectors are Fhkbotonrm -papatimi 
and P. cancasims. An allied form (L. Diyoxi) occurs in tlio dormoiisci. 

AEtiology . — The causative parasite — LeisJunania iroj)ica~- is found 
in numbers in the granulating tissue at the udge of the lesiuu and may be 
demonstrated in scrapings. They frequently occur in rosettes, often 
enclosed in macrophage cells or in leucocytes. L. Iropica resoinblos 
L, donovani in its morphology and behaviour, and in culture on N.N.N. 
medium. To collect material for cultivation the surface of a uon-ulcorating 
sore is painted with iodine, and the edge is then punctured with a fine 
glass pipette. Like L. donomni the parasitt^s grow best in the water of 
condensation. In heavy infections the flagellate, or Lejdouionas forms, 
appear wdtfiin forty-eight hours. Then the parasites undergo idtuitically 
the same changes as do L. donovani, but they are able to flourish in con- 
junction with contanainating micrococci which the leishinania of kala-azar 
cannot do. 

Noguchi once made the interesting observation that the addition of 
immune serum frona an experimentally inoculated rabbit causes the 
organisms to develop in clumps. 

In Syrian hamsters, and occasionally in mice, L. tropica produces 
generalized visceral leishmaniasis. Monkeys, dogs, mice and Syrian 
hamsters are experimentally inoculable, whilst donkeys, goats and sheep 
are refractory. In man a certain degree of immunity is produced so that, 
as a rule, second attacks of oriental sore do not occur. 

Seuekji and Beattie inoculated a large number of volunteers in Bagdad 
with cultural forms of L. tropica, and reproduced sores in the great majority. 
Subsequent attempts at reinoculation were unsuccessful. 

Transmission. — Wenyon (1911) first suggested the sandfly 
(Fhlebotomus) as the vector in Bagdad and found that 6 per cent, of these 
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insects in Aleppo harboured a flagellate, of the Leptojnonas type in their 
intestines. Later, further confirmatory evidence was brought forward by 
the Sergents, Parrot, Donation, and Beguet (1921), who produced oriental 
sores in Algiers after scarifying the skin and applying a saline suspension 
of crushed P. ^apatasii. The incubation period was two and a half months. 
These sandflies were caught in Biskra, where oriental sore is common, and 
transported 600 kilometres to Algiers, where the disease does not occur. 
Later still, Adler and Theodor repeated these experiments with a Herpeto- 
vwnas which is a natural infection of P. papatasU. The development of 
L. tropica in the body of the sandfly resembles that already described for 
L. donovani. Adler and Theodor have strikingly confirmed this, and 
have produced infection of P. papcdasii by feeding these sandflies through 
a membrane on emulsions of leishmania. Thus Adler and Ber (1941) 
produced 28 sores in five volunteers by the hites of infected sandflies. 

The vector in North Africa and the Eastern Mediterranean is 
P. papatasii ; in Crete, Iraq, India and Persia P. sergenti ; and in Central 
Asia P. caucasicus. In Italy, according to Yanni, P. perfiliewi {mace- 
donicus) is the chief carrier. 

Pathology. — ^There is continuous progression of cellular changes, so much so 
that a section, taken at any particular time cannot give a complete picture of the 
processes involved. In the early stages there is proliferation consisting almost 
entirely of reticular cells, which form a syncytium. This proliferation may be so 
dense as to interfere with nutrition of the epidermis, whilst the proliferating 
reticulum is packed with parasites. Later, there is an invasion, of lymphocytes, 
plasma cells and large mononuclears, and occasionally giant cells, accompanied 
by a considerable diminution of parasites. It may, therefore, be regarded as 
part of a protective mechanism, albeit not a very successful one, because the 
lesion, though now containing relatively few parasites, may still persist for 
months. GrraduaUy, the lesion is replaced by scar tissue. In some cases parasites 
are very scanty in all stages of the lesion and, in these, there is local infiltration 
of lymphocytes, plasma and giant cells. The histological, as well as the clinical 
picture may resemble lupus very closely. 

Immunity . — A considerable degree of immunity is produced hy repeated 
infection with oriental sore, which eventually becomes absolute — a fact which 
has been well recognized in Bagdad. On experimental grounds this was proved 
by Laveran, who found that repeated inoculation produced immunity in experi- 
mentally-infected dogs. 

Incubation period. — The incubation period of oriental sore is 
variously stated in days, weeks, or months. That it may be a brief 
one, a few days or weeks, seems to be established by the appearance of 
the sore within a short time of arrival in endemic districts, or after 
inoculation. That it can he of much longer duration is equally certain. 
Mansoii saw an unquestionable oriental sore which did not appear until 
five naonths after the patient had been exposed to any^ possibility of 
infection. Wenyon inoculated himself with oriental sore in Aleppo, but 
it was not until six and a half months later that a leishmania-containing 
papule, subsequently developing into a sore,^ appeared at the site ot 
inoculation. In some cases the incubation period appears to be as much 
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as fifteen months, or even longer. Sometimes eruption of the sores is 
accompanied by fever and other constitutional symptoms, and tem- 
peratures up to 103° P. have occasionally been noted. 

Symptoms. — The local lesion in oriental sore commences as a minute 
itching papule which tends to expand somewhat as a shotty, congested 
infiltration of the dermis (Pig. 25). After a few days or weeks the surface of 



Fig. 25.~-Oriental sore. {After Wenvon. Photo : R, WcKay, 

' njorodmuA in lond. School Trojp. Med.") 

the papule becomes covered with fine, papery scales. At first these scales 
and white ; later they are moister, thicker, browner, and adherent, 
in this way; a crust is formed which, on falling off, or on being scratched 
on, imcoyers a shallow ulcer. The sore now slowly extends, discharging 
a s^nty ichorous material; this from time to time may beconoe inspissated, 
ma a emst forms, while the sore continues to spread underneath. . The 
moer extends by the erosion of its perpendicukr, sharp-out and jagged 
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edge, which is surrounded by an areola of congestion. Subsidiary sores 
may arise around the parent nicer, into which they ultimately merge. 
These sores, usually about an inch in diameter, may come, in some instances, 
to occupy an area several inches across. 

After a variable period, ranging from two or three to twelve or even 
more months, healing sets in. G-ranulation is slow and frequently 
interrupted. Often it commences at the centre, while the ulcer may be still 
extending at the edge ; often it is effected under a crust. Ultimately, a 
depressed white or pinkish cicatrix is formed. Contraction of the scar 
may cause considerable and unsightly deformity. Thus, on the face. 



Fig. 26. — Oriental sore on nose showins: lymohatic soread to chin. 

{By jpermisHon of Medical Beppartmerd of the Kavy.) 


scar tissue may produce retraction of the external eanthus (epiphora), 
deformity of the naso-labial folds or eversion of the angle of the mouth. 

Oriental sore may he single or multiple. Two or three sores are not 
uncommon; in rare instances as many as one hundred and fifty have 
been counted on the same patient. They are mostly situated on un- 
covered parts — hands, feet, arms, legs and, especially in young children, 
on the face ; rarely on the trunk ; never on the palms, soles, or hairy 
scalp. Occasionally these ulcers may occur on the ears, tip of the nose 
(*‘ Tapir nose ”) (Pig. 26), lower lip, and even on the tongue (Hawes, 
Panja, Dastidar, Trifilo), and three eases have been reported on the 
upper eyelids by Kamel in Cairo. These complications seem to be more 
frequent than had been supposed, and provide a link between the Old 
and New World leishmaniasis. A small multiple diffuse form may 
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resemble diffuse papillomata: very rarely they occur on the buttocks or 
on the perineum. The Editor recorded a case in which a diffuse indurated 
swelling close to the anus conf-ained large iniiubors of L, tropim. 

In a very few instances the initial papule does not proceed to ulceration, 
but persists as a scaling or scabbing, non-ulcerating, flationod plaque- 
just as sometimes happens in the primary sore of syphilis. Soinctiinos 
the ulcer is quite superficial, an erosion rather than an ulcer. Occasionally, 
from contamination with the organism of some other infectious acute 
inflammatory skin disease, the primary lesion may become complicated, 
and perhaps a source of serious danger. Otherwise, oriental sore is 
troublesome and unsightly, rather than painful or dangerous. When 
ulcerated, or secondarily infected, the noighbouring lymphatic glands in 
the area of the sore may be enlarged. 

Associated suhcidaneous nodnles have frequently beom doscri])od. Thus, 
Byron Evans (198cS), in a case of extonsivt^ cutancM)us leishuiauiasis, 
found, around the arm losions, five soparaio applo-jtdlj-liko papules. 
Others were seen around similar losions on the opposite arm or log. In 
size they varied from 0*25 to 1 cm. in diamotor ; they wore firm, discrete 
and freely movable and were not tonder. On romoval, tliey showed 
chronic inflammation with fibrosis, and Leishman-Doiiovan bodies, 
suggesting a chronic lymphatic infection and denoting tJie spread of tho 
infection via the lymphatic route. Lymphatiie noduh^H w('ro described 
as early as 1847 by Poggioli and by Bonne (1901), and also, in association 
with South American leishmaniasis, by Barior, do Christmas, Escomel 
and Werner. 

In Christopherson’s case (1928) there were twenty-five vesicular lumps 
of varying sizes which contained leishmania, while the Editor found 
similar swellings on the dorsum of the hand and over the submental gland 
in his patient (Pig. 26). Gonzalez, Boggino and Rivarola described a 
similar case in 1937. A sharp bout of pyrexia (T. 103-104® P.) frequently 
precedes the appearance of the nodules. ' 

NoMar or verrucose /or??z.— A peculiar kind of dermal leishmaniasis, 
or parasitic granuloma, has been described by Ferguson and Eichards 
^ Egypt (Pig. 27). These lesions, which usually affect the lower 
extremities, resemble warty out-growths or papules ; they may be solitary 
or multiple, and may be the result of auto-inoculation. They are best 
treated by excision. 

Leishmaniasis recidiva . — The relapsing tuberculoid form, most frequent 
m Iraq and^ Anatolia, involving large areas of skin, especially of the face, 
is an allergic manifestation and therefore analogous to cutaneous tuber- 
culides, closely resembling lupus vulgaris (Fig. 28). 

It has been termed “ metaleishmaniasis by Marchionini. Some, types 
resemble erysipelas mth “serviette” distribution on the face. 

. Allergic manifestations are common on the nose and sometimes there 
^e blood-borne metastases resembling skin tuberculides. Chronic forms 
with dried and fissured scabs resemWe tertiary syphilis. 
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Sometimes Leishman-Donovan bodies are very scanty in preparations, 
but they can usually be isolated by culture. Relapses occur after the 
original lesion heals and often take the form of nodules and papules, 
situated at the periphery of the scar and closely resemble “ apple-jelly 
nodules. Chris topherson originally described them on the cheek, and 
also recognized a keloid form. Leishmaniasis recidiva is resistant to all 
forms of treatment except the Grenz rays. 



Fig. 27. — Diffuse cutaneous leishmaniasis of the leg in an Egyptian. 

{Ferguson and Bichards, By permission of Liverpool School of Trop. Med.) 


Generalized non-ulcerating jorm (dermal leishmanoid). — Brahmachari described 
papillomatous nodules over the whole of the body, due to Leishman- Donovan 
bodies, which at first were thought to be tuberculoid leprosy [see p. 154), but all 
cases had previously been treated for kala-azar, and had apparently recovered 
after antimony injections. 

Secondary infections . — Superadded staphylococcal or streptococcal in- 
fections are common. Secondary diphtheritic and streptothrieal infections 
have been described. 

Diagnosis. — On clinical grounds these sores have to be distinguished 
from the desert or veld sore (p. 666), tertiary syphilis, ulcus tropicum, 
lupus vulgaris, and blastomycosis- The distribution of the sores and the 
presence of the Leishman-Donovan body render the diagnosis not a 
difficult matter. The parasites are best demonstrated by sterilizing 
the skin at the edge of the ulcer, and running in a fine glass pipette through 



170 


LEISHMANIASIS 


a puncture made in the skin, to j^et beneath the ulcer, and obtain serum 
and tissue cells — but not blood— if possible free from bacterial contamina- 
tion. This is a better method than scraping the surface of the ulcer with 
a blunt needle or with a fine knife. If parasites cannot be found, cultures 

should always be made. Ad- 



ditional help may be obtained by 
the Imhmmin test: the intra- 
dennal injection of 0*1 ml, of a 
suspension of flagellates in culture 
(1,000,000 per ml,). A specific 
reaction is produced in active, as 
well as in healed, oriental sore 
lesions. Care must be taken to 
distinguish the Leishman-Dono- 
van bodies from yeast cells, which 
are sonietiinos present in cutan- 
(^ous ulcers and may closely 
simulate them. 

The aldehyde test is negative. 

In Itnslimaniasis recidiva differ- 
entia] diagnosis has to be made 
from tuberculides of the hypo- 
derm, including Bazin’s disease 


c, .ft r ^ syphilis, Adler 

Fig.25.-~Cutaneous leishmaniasis in Egyptian insists thni thft 
giri. Lnpus-like “ apple-jaily nodulk apple-Jt Uy nodule 

[Dr. H,K,Oi£cn;Asmtt.) closely resemble lupus that 

cultnreB on NNN medium should 
always he made to grow tlie parasites (Kg. 28). 


TrEATMEN'I’ 

The treatment of oriental sores in general, especially in a temperate 
climate, does not, as a rule, entail any particular difficulties, for the reaction 
of the tissues to the particularly indolent ulceration depends to some 
extent upon the general nutrition and environmental conditions. When 
the patient is removed from the endemic area, the disease tends to dis- 
appear spontaneously in about one year. 

(a) General measures. — W'hen the sores are multiple, as they so 
often are, and when they are situated on the extremities, undoubtedly 
the best treatment is intravenous injections of antimony, especially the 
pentavalent compounds (p. 169). Pouadin is the best trivalent compound 
^yen in 8-ml. doses on alternate days — three times weekly for 8—10 
injections of the pentavalent. Neostibosan or Neostani are equally suitable 
and, when feasible, should be given intravenously in doses commencing 
with 0-1 grm. and mcreasing on alternate days to 0*8 and 0*4 grm. Much 
smaller total quantities (1-2 grm.) effect a cure than in kala-azar. For 
women and children, to whom injections cannot be given intravenously, 
the. ^lamuseular route should be chosen {seep. 159). Sohstibosan (p. 160), 
iri OMy solurion intramuscularly for ten injections twice weekly, is praised 
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by Marchionini in Turkey. Ball and Ryan found in 221 cases in American 
soldiers that neostam was most elective, intravenously, twice weekly, 
from 0*05 to 0*2 grin., with a total of 1*4 grm. The average time for 
cure was 14-J weeks. Raymond and Cruickshank, in an account of an 
epidemic of these sores following the Quetta earthquake, found injection 
of trivalent antimony compounds (tartar emetic and fonadin) combined 
with local scraping the most effective method. Pentavalent antimony 
preparations were less satisfactory under the conditions prevailing. 

(b) Local measures. — Intravenous injections of antimony do not 
act so well for sores situated on the face — eyebrows, nose, cheeks, lips — 
and hands, which tend to be chronic, indurated, and subject to secondary 
infection. 

Secondary infection is a most important element and in these cases no 
treatment is of any avail until the scabs have been removed and the sepsis 
cured by hot fomentations, eusol dressings, and nitrate of mercury oint- 
ment. Powdered sulphapyridine has proved beneficial (Akrawi), and 
penicillin has been used with good effect by Marchionini. 

Ointments. — Yarious applications have been found useful on different 
occasions, e.g. Cigmlin (a reffned product of chrysophanic acid), in the 


following formula: 


Br Cignolin 

. . . . gr. iv (0*259 grm.) 

Ichthyol . 

gr. viii (0*518 grm.) 

01. oadini . 

• in xl (2*368 ml.) 

Benzoli rect. ad 

. li (2842 ml.) 

Ft. pigmentum : 

To he applied to sore every day. 


This paint should be applied to the sore with a camel-hair brush, care 
being taken not to overlap on to the surrounding skin, daily for 2-4 weeks, 
after the sores have been cleaned up with eusol dressings or boric fomenta- 
tions. This treatment is especially appheahle to sores on the face in 
children. 

Other ointments which have been recommended are : Pellidol (Bayer), 
containing 2 per cent, diacetylamine-azol-toluol, Desitin (Klinke) (chlorine 
and cod- liver-oil salve), and Orisol ointment, which contains herberine 
sulphate. Good results have been reported from the local application of 
phosphorated oil, and also from finely-powdered permanganate of potash. 
The local application of vanadium in a preparation “ Tarvan ” is said to 
be a very active remedy (Pereira) . 

Injections into the base of the sores. — These methods of treatment 
probably act by causing a tissue reaction but, as a rule, injections are painful 
and, on account of the surrounding inflammation, cannot be used for sores 
on the face, especially near the eyes. 

Good results are reported by Flarer (1938) and Marchionini (1948) by infiltrating 
the surrounding skin with solutions of atebrin in 15 per cent, solution, especially 
in the early stages. Berberian tested this treatment on six cases, artificially 
produced by cultures of X. fropicat with 1-2 ml. of 10 per cent, solution. 

Treatment of indolent sores on the nose. — These require special 
mention as, on account of the induration of the surrounding tissues, they 
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are especially refractory aucl they do not appi^ar to respond to the a])])Uca- 
tions which are efificacions in otln-r situations. Attor boin^ cloiinsotl, the 
bases should be scraped hy a Vollvnianri’s si)Oon and dilute nitraliO of 
mercury ointment thorou^^liiy nibbed in. Dry dressiiipfs a,nd sulidionainido 
paste should subsequently l)o applied and pontava,liuit antimony injected 
intravenously. 

X-ray therapy. — In Iraq it is stated that a single full- pastille dose of X-rays 
produces a cure within ten days in the majority of cases. I'lio rays probably 
cause acceleration of the protective processes and infiltration of Icuiuicy tes into 
the base of the sores. An X -ray set capable of oporatit ig con ti nuoiisly at a voltage 
of 100-120 K.V. and 2-4 m.A. is suitable for the purpose. A filter of 0*5 iniu. of 
aluminium is used at a focal skin distance ( P.S.D.) of 23-25 (un. A total dosage 
of 450-1,000 “ r ” units is given, cither in one doso or in two sinallcn* doses at 
intervals of 10 days. (One erythema skin dose 450 “ r ”)==--onc pastille 

dose,) 

Soft Grenz, or Bucky rays. — Theso arc half-way between ultra-violet 
and X-rays, lliis form of treatment has been described by Dostrovsky and fcJaghcr 
(1942), It has the special advantage that lesions overlying sonsitiv(5 organs 
(eyelids, thyroid gland and genital organs) and the growing organs of children 
can be treated. Leishmaniasis rocidiva has proved refractory t,o every form of 
therapy but this. The nodular and verrucoso forms are especiially ainonablc. 
The total dose employed for the latter is two exposures of 800 r with half value 
layer of 0*027 mm. aluminium, whilst for loishinauiasis reeddiva the total is 
from 3,000-11,000 r with half value layer 90*()2 tnm. aluminium. The nodular 
type of lesion disappears in eight weeks, but with the rela]>Hing form troatinont 
may be spread over six to eight months. 

Treatment by ionization, — This has also given satisfactory results. 'The 
ulcer is cleaned and covered with a pad consisting of sixteen layers of lint soaked in 
2 per cent, zinc-sulphate solution ; this is firmly applied under a zinc oloetrodo 
by a bandage, and then connectod with tho positive pole of an oloctric esurront 
which is supplied by eighteen accumulators giving an average of 31>-3B volts. 
A patient with a sore of an area of 1 in. in diameter can easily stand 10 m.A. 
as gauged by a resistance coil. The application is continued for twenty minutes, 
the pad being constantly moistened with zinc-sulphate solution. 

Prophylaxis. — In the endemic areas insect repellents {see p. 101) 
should he used to protect the exposed parts against bites of Fldebotomtis. 
Breeding places of this insect should be abolished. In Turkey, for instance, 
the local practice of plastering walls and sheds with oowdnng which forms 
an ideal breeding medium for plilebotomus larvae should bo prohibited. 
At night-time a fine-inesh netting, forty-five holes to the square inch, is 
necessary to exclude these insects {see Fig. 12). Dogs with suspicious- 
looking sores should not be permitted near dwellings. Prophylactic 
inoculation with cultures of Leislmania tropica, in the flagellate stage, has 
been practised in south-east Russia (Lawrow and Dubowskoj). Soros 
develop at the site of inoculation after an incubation period of two to six 
months. The immunity thus produced protects against further infection. 
Berbexian states that, after inoculation of infective material, immunity 
takes 240 days to develop. This occurs when the papule ulcerates and 
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coimnonees to heal. Katzenellenbogeii vaccinated 416 people in Palestine. 
In 45 a febrile allergic reaction developed. Phis inoculation campaign 
event, ually produced favourable results. 


III. LEISHMANIASIS AMERICANA 

Synonyms. Espundia ; Babas Braziliana ; Uta ; Pian Bois ; Forest 
Yaws (British Guiana) ; Bosch 
Yaws ; Naso-pharyngeal Leish- 
maniasis. 

Geographical distribution 
and epidemiology.— South and 
Central America from Peninsula of 
Yucatan 21° N. latitude 30° S. in 
x\rgentine. 

Prevalent in N. Argentine and 
Paraguay at 25° S. Brazil, Sao 
Paulo, Bahia, Rio de Janeiro 
(residential quarter), Peru between 
5° and 25° South. British Hon- 
duras, Honduras, Martinique, 

Guatemala, Colombia, Costa Rica 
(Garcia), British, Dutch and 
French Guiana, Uruguay, Bolivia, 

Ecuador and Mexico (Campeche) 

(Map III). 

Occasionally, somewhat similar 
clinical cases have been reported 
from the Sudan (Christopherson, 

Humphreys, Mayne and Kirh), 

Somaliland, Italy and Kenya (Piers, 

1947), India and China. 

Mutilations of the face, reminiscent of this disease, have been found in 
ligures engraved on old Inca pottery. 

It is prevalent in the northern part of Argentina and in Paraguay at 
25° South. Altitude is a limiting factor. Most of the territory has an 
elevation of less than 2,000 feet. Heat and moisture are necessary for 
its existence. In the chicle (gum) forests of Yucatan the infection is 
contracted during the rainy season. 

In highly endemic areas the majority of cases occur after six months 
residence, especially in the autumn. The prevalence of disease is definitely 
related to the density of the sandflies which transmit it. 

In Paraguay the disease has assumed epidemic characters, and a large 
proportion of the population in certain districts, and 70-80 per cent, of 
prospecting parties, have become affected, so that most drastic public 
measures have had to be taken to prevent its spread. It is usually seen 
in men working in the forests, especially gum-pickers. A similar disease 
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has been observed in the tlo" in the inuUMnic e('ntres, and it is ])ossible 
that it occurs in tlie agouti (Dasuprocla), Kii’k has })raducti(l esputidia in 
a monkey, Cercopilliems (eflmps, in the hinclan, iniectod oxporiinontally 
with 'Sudanese kala-azar (194C). AiiiongHt all the luinieroiis animals thus 
infected this is the only one in which the oro-nasal h^sions of i‘spiin(lia have 
been observed. Pestana, Villela and co- workers working on the epidemi- 
ology of this disease in Sao Paulo, Brazil, concluded that intimate contact 
with wooded country is not always necessary. It is usually rural in 
distribution, but has been seen in sonui towns, (larcia thinks that in 
Colombia the dog is the reservoir of infect.iou. The duration of the disease 
is from four months to four years. Tn the niajoiity 1h(‘r(' m‘(‘ mixed 
mucosal and cutaneous lesions. 



Pig, 30 .— Punched-out ulcers in dermal leishmaniasis associated with 
Espundia in Ecuador. (Dr, L. A, Uon, Quito.) 

iEtiology and symptoms. — The disease occurs at any age in either 
sex, in strangers as well as in the indigenous population. Slo Paulo 
seems to be an exception, as Villela says it is there nine times more common 
in men than in women. It begins as a sore on some mucous surface, of 
the chancrous form of the ordinary oriental-sore type. It heals in time, 
leaving a characteristic scar. After an interval of months or years, most- 
intractable fungating and eroding ulcers (Pig. 29) break out on the tongue, 
and in the buccal and nasal cavities, destroying and obstructing them, 
and ultimately, if untreated, leading to death by exhaustion after years 
of suffering. The lymphatic glands are often involved, but the abdominal 
and thoracic organs are spared. Though affecting the mucous membranes 
in this characteristic manner in the endemic zones, ulcers, as in oriental 
sore, occur in other uncovered parts of the body (Pig. 30). They have been 
commonly noted as lupus-like lesions on the pinna of the ear in gum- 
pickers {oreja de cliicleros). For the state of SSo Paulo, Brumpt and 
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Pedroso record localization of sores as follows (in percentages): Leg 80, 
foot 12, forearm 12, head 11, hand 10, hip 4, elbow 4, trank 8, nasal 
mucosa 3, knee 2, buccal mucosa 2, neck 2, arm 1, pubes 1. 

Leishinan bodies are found, though not in great profusion, in scrapings 
and sections of the fungating ulcers, and present no morphological 
differences from L. tropica or L. donovani, but have been separated on 
serological grounds by Tianna as Leislmania Iraziliemis, The parasites 
can be cultivated in the same manner as L. tropica and on the same media, 
but G-eiman showed that L. braziliensis, grown on the chorio -allantoic 
monibrane of the chick embryo, shows much poorer infectivity than 
L. tropica. Giant cells and flagellated forms of the parasite have also 
been found in sections. It is believed that the original sore in this 
grave form of leishmaniasis develops at the site of the bite of a jungle 
insect, probably a sandfly — Phlebotomus — and the following species are 
suspected (Shattuck, 1935) : P. squamipes (Dutch Guiana and Brazil) ; 
P. iTitermeduis (Brazil and Argentina) ; P. ynigonei (Venezuela, Brazil, 
Paraguay and Argentina). 

These sores infiltrate deeply into the tissues, and, besides grave destruc- 
tion of the nose, lips, and tongue, they may be followed by secondary 
infections, such as erysipelas and even gangrene. 

Diagnosis is made upon the typical clinical appearances and the 
discovery of the parasite. Espundia has to be distinguished from 
ulcerating yaws (gangosa), lupus, leprosy and syphilis. In ulcerated 
lesions the crust should be removed and smears made from the underlying 
seropurulent discharge. 

The excision of a piece of granulation tissue and the expression of the 
contained serum on a slide often afford a more ready diagnosis. In five 
cases discovered in the Sudan, Humphreys and Mayne found the leishmania 
in material obtained by pinching the lobulated growths, but not by splenic 
puncture. The intradermal (leishmanw) test of Montenegro consists of 
an extract of flagellates (on culture) washed in physiological saline solution 
containing 0*4 per cent, phenol. This can be kept for long periods in the 
ice-chest. Gomes found it was moderately positive in 97*5 per cent, of 
South American cutaneous leishmaniasis. 

The exact relationship of the mucosal leishmaniasis in the Sudan to 
espundia is not easy to determine. The South American disease has a 
specific course of evolution and occurs in epidemic form, which is not the 
case in the Sudan, where naso-pharyngeal leishmaniasis is relatively un- 
common. In the nose the nasal septum and alse nasi may be involved, 
whilst localized swellings occur on the lower lip. In almost every instance 
there, evidence of a concomitant visceral infection has been noted. 

Treatment. — The general treatment is the same as for oriental sore; ten 
to twenty intravenous injections of antimony tartrate (20-30 gr.) or of the 
pentavalent compound, neostibosan, suffice for cure. The local ulcers on 
the lips and nose are cleaned up with fomentations, the cleansed surfaces 
anaesthetized with a mixture of cocaine, menthol, and carbolic acid, then 
sprinkled with finely powdered antimony tartrate and bound up with a 
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bandage. Siibsequentl}^^ iilie wounds are dressed with an ointnuad, com- 
posed of zinc oxide, bisnnitli, and lanolin. Ifroni the bnccal inu(*.()sa scabs 
must be removed with a solution of bicarbonate of soda, l.ho surface 
anaesthetized with cocaine (1 per cent.) aaid sprayed witli per cent, 
antimony tartrate solution. Every four to eight days the t,artrate is used 
in a saturated solution, tlie application being iiiade mi a pledget- of cotton- 
wool. 

Mazza and others in nortliern Argontiiia had good results witli intra- 
innscular injections of Fouadin (or stihophori), a trivaleiit antimony com- 
pound, in doses varying from 0*5 to 5 ml. The troa-tinent wa.s ccmi-inued 
for varying periods. Twenty to thirty injections are iisnally necessary and, 
according to Scliulemaim, the results continue to be satisfa-ctory. 

Grood results were obtained more recently by intranniscnla.r injec- 
tions of Eparse7io (dioxy-diamido-arsenobenzol) pmpa-red by roiii(uic 
Fibres, Paris. Injections of 0-12 to 0*25 grm. (1-2 ml.) are givnm and as 
many as 10-20 injections at intervals of two to tdiroe days are necessary. 
Others obtained success with similar injections of tlie double itidido 
of quinine and bismuth (0*15 grin, daily for one month), Atebriii 
(mepacrine hydrochloride) injections are advocated by Mazza and Cornejo 
in isolated sores : 5 nil. of a 10 per cent, solution is injected inl;o tlie base 
of the sore and three tablets given by the inoatli for seven days. Penicillin 
has also been used with success. 

In assessing the relative value of the various treatments, it must be 
remembered that spontaneous cure appears to take place in about 7 per 
cent, of cases (Pessoa). 



Subsection B.— FEVERS CAUSED BY BLOOD 
SPIROCHflETES AND SPIRILLA 


CHAPTER YII 

RELAPSING FEVERS 

Synonyms. Febris Kecurrens; Spirillum Feyer ; Famine Fever; Tick 
Fever ; Bilious Typhoid of Griesinger. 

Definition. — A group of diseases, characterized by fever of sudden 
onset and, after several days (one to seven), rapid subsidence, which may 
relapse at intervals of from one to seven or more days for an indefinite 
niunber of times. They are caused by spirochaetes, which are present in the 
blood during the fever and are transmitted by the body-louse (Pediculus) 
or by certain ticks {Ornithodorus), 

Geographical distribution. — Loiise-hornereJajJsmgJever.— ‘Europe , — 
Formerly in Britain, especially Ireland, also Norway, Denmark, Russia, 
T^urkey, Bulgaria, Rumania, Yugoslavia. Africa, — Egypt, N. Africa, 
N. Equatorial Africa (South of Sahara), Gold Coast, Sudan, Kenya High- 
lands, China, Manchuria, and South Persia (Abadan), India — Central 
Province and N.W. Frontier. (A virulent epidemic, associated with 
jaundice, commenced in 1921 in N. Equatorial Africa, spreading across the 
Continent at 15° N. and continuous for over seven years. Thence it 
extended to Senegal and the Gold Coast to upper Guinea, French and 
British Nigeria, Wadai and West Egyptian Sudan. In clinical mani- 
festations and virulence it resembled Yellow Fever.) African Tick Fever. 
— Senegal, Congo, East Africa, Uganda, Abyssinia and Madagascar, 
Transvaal (Kimberley), Cape Province (Grseff-Reinet) , Somaliland. 
IF. American Tick-home Eelapsing Fever. — Colorado Valley, Texas and 
California. Central and S, American Eelapsing Fever. — ^Panama, Vene- 
zuela and other S. American States. Other Tick-home forms. — Spain, 
Morocco, Cyrenaica, Palestine, Cyprus, Turkmenistan, Syria and Persia. 

.Etiology. — The various clinical forms of relapsing fever are caused by 
Spiroch(Bta recurrentis, or organisms which are morphologically indis- 
tinguishable from it, but which may be biologically separable, such as 
S. duttoni and S. venemelensis, (In American literature the generic term 
Borrelia is used for these spirochaetes.) 

T 3 q)ically, the spirochsete is a delicate spiral filament ; its length varies from 
8 to 15 /i, and its width from 0*2 to 0*8 /x. Each turn has an amplitude of 
2 to 3 jLt. The body of the parasite may have three, four, or six bends or turns ; 
dividing forms appear to have more ; in fact, the body of the spirochsBte undulates, 
it does not strictly form a spiral. Coles described the minute structure as 
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consisting of small granules in a containing tube and by ,tbe electron micro- 
scope flagella can bo demonstrated. By the Roinaiiowsky method the 
body of the parasite usually stains uniformly, \rith the exception of the 
extremities, which are pointed and take only a very faint tint. In fresh blood 
the spirochsetes exhibit very active screw -like movonient ; some are longer 
than others, the long forms resulting from end-to-end attachment of two or 
more parasites. That this is the explanation of the long forms, which may 
measure from 16 to 100 g, is shown by staining. In those measuring from 16 
to 18 ja we find a pointed extremity at each end of the filament and a pale zone 
in the middle, the pale zone corresponding to the approximated lightly staining 
extremities. The still longer forms admit of a similar explanation. Although 
the normal habitat of the spirochaetos is the liquor sanguinis, occasionally in 
fresh liquid blood preparations they are seen within the red blood- corpuscles, 
though this probably docs not occur within the body. 

Great variation is shown in morphology, but there is a consensus of opinion 
now that no constant distinctions exist between the orgatiisms in the dilleront 
clinical forms of the disease. For an explanation of the nomonclature the 
reader is referred to p. 179. 

Dewonsiraiion of the spirochceie . — The ])arasitG occurs in tho blood 
during the febrile stage of the disease only when the temperature is above 
102® F., often disappearing some forty-eight hours before the crisis and 
being very scarce or entirely absent during tho uon-fobrilo intervals. In 
some forms and cases it is present in large numbers in every field of the 
microscope ; in others it is so scanty that many fields have to be examined 
before a single specimen can be discovered. In thin films of fresh blood 
it can usually be recognized by the agitation its inovouiontB connnunioate 
to the adjacent corpuscles (Fig. 31). In dried and fixed films the stains 
in general use for malaria work suffice. 

In children, especially, the spirochsetes may often bo found sparsely in the 
blood-stream during the apyretic periods. 

Dark -ground illumination is admirably adapted for demonstrating the 
living parasites ; a very strong illuininant, preferably a high-power 
electric-light — not always procurable in the tropics — is required. 
Occasiondly, when very scarce in the blood-stream, as during a relapse, 
or in the clinical form met in North Africa, the organism may best 
be demonstrated by the “ thick-film ” method. Chung in China has 
demonstrated these spirochajoes in the urine, but this appears to be 
quite exceptional. 

Cultivation . — The successful cultivation of S, recurrentis and its sub-varieties 
was first obtained by Noguchi and others in sterile ascitic fluid containing citrated 
blood and a small amount of fresh kidney, incubated at 37® C. The greatest 
multiplication of the organisms takes place at the junction of the ascitic fluid 
and of the blood. Anaerobiosis is necessary and also the presence of coagulated 
albumin. The joH value of 7 *2 is of great importance. The spirochaetes reach 
their maximum development on the seventh to the ninth day, after which they 
begin to disintegrate. Subcultures retain their virulence for mice. 

Chen in Peking obtaii ed cultures on chick embryo. Blood containing 
S. recurrentis was inoculated beneath the chorio-allantoic membrane. A good 
growth of spirochsetes was seen in the blood of the embryo reaching its maximum 
on the fifth day. 
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Meleney found that the grey squirrel {Sciurotamias davidianus) and the 
striped chipmunk {Tamias asiaticus) can be experimentally infected with the 
Chinese strain. After splenectomy the virulence of the attacks in these animals 
was increased. 

Diferetii strains oj rela'psing-jever 
'parasites [see Table II, p. 180). — 

The parasite, as originally described 
in Europe, is known as B. recurrentis. 

The Persian form of the disease 
(inianeh fever) is considered to be 
clinically distinct, and due to B. per- 
sica. The Central African disease, 
popularly known as tick fever (or 
carapata disease), is due to S, 
diittoni. The South American form 
is known as S. venemelens'is. In 1926 
de Biien described a new variety, more 
resembling the Central African form, 
transmitted by ticks [Ornitliodorus Fig. 31. — Bpirochceta recurrentis in 
marocanus and 0. erraticus) which live 
in the barrows of rats and porcupines, 
and the parasite has been named B. 

Jiispanica. In Turkmenistan a strain [B. persica or S, sogdianum) has 
been found to be transmitted by 0 . tliolozani, which has proved to be the 
carrier there and also in Cyrenaica (Tobruk), Palestine, Cyprus, Persia 
and N.W. India. 

Clark and Graham originally suggested that a tick-borne infection might 
occur in the Colorado Yalley, Texas, and in California. Now it has been 
described by Wheeler, Herms and Meyer as due to B. turicatce. It is 
transmitted by Omithodor'us hermsif 0. turicata, and possibly by 0. parheri 
(see Appendix, p. 1012). 

White mice and white rats are especially susceptible to these spirochetes, 
the former particularly so, the organisms appearing in the blood within 
twenty-four hours of inoculation and persisting to the third day. About 
this time they disappear for several days from the blood until the commence- 
ment of the first relapse, which may be followed by a second, third, or even 
a fourth, the number varying in individual mice ; with each relapse the 
parasites reappear in the blood. The interval between the relapses is 
generally about seven days ; occasionally it is only two, though it inay he 
as many as ten. The actual number of organisms in the blood in the 
first is greater than in subsequent relapses, indicating the development of 
a partial immunity. Recovery in mice is the rule. 

As a result of the consecutive passage of the spirochsete through a long 
series of rats its virulence is augmented, so that the incubation period 
becomes reduced to 15-18 hours, and the persistence of the parasite in 
the blood is prolonged to 60 hours instead of, as originally, 48 hours ; at 
the same time they become far more abundant. 

Some spirochstes have a definite neurotropic^ tendency and,^ after 
subinoculation of S. duttoni in mice, a residual brain infection persists. 

7 
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In rats an acquired immunity may be produced which lasts for many 
months. As a rule, S. dnttoni produces a far more severe disease in these 
animals than does S, 7'ecurrentis. 

Eabbits and guinea-pigs are relatively refractory. 

Dogs, rats and guinea-pigs are refractory to S. veiiezuehnsis, Man and 
certain squirrel monkeys seem to be the cMef reser^mir of this spirochaete. 
^lice which have been made immune to S. dnttoni can subsequently be 
infected by S. venemelensis. 

Pathology. — The spleen is usually large and soft, often shows 
multiple infarcts, necrotic nodules and fibrinous exudates, and may 
rupture spontaneously. Perisplenitis is common. Sterile abscesses may 
also form. In the 1945-46 epidemic in Egypt, El-Ramly found in 3,000 
cases that 2*5 per cent, had infarctions of which 0*77 per cent, developed 
splenic abscess. Secondary infections of the abscess cavity may ensue. 
Sections of the spleen and liver show spirochtetes within the endothelial 
cells and they are very abundant in necrotic lesions in the Malpighian 
bodies and constitute an important basis for differential diagnosis from 
yellow fever. Liver, kidneys, and heart show cloudy sw^elling of their 
cellular elements. The skin in fatal cases is usually jaundiced and there 
may be subcutaneous petechias. The bone-marrow is hyperaemic, shows 
great activity of the leucoblastic elements and there is generally a 
marked polymorphonuclear leucocytosis. Spirochaetes are often phago- 
cy tosed by the leucocytes, but disappear rapidly after death. During the 
apyrexial periods an occasional spirochaete may be seen in the peripheral 
blood. Before a negative result can he claimed not less than 25 ml. 
must he injected into a susceptible animal which must be examined twice 
daily for at least ten days. 

In Germany and Austria strains of relapsing fever spirochaetes have been 
used for therapeutic inoculation in the same way as malaria. As the result 
of this study, it has been established that the spirochaetes may be demonstrated 
in the liver, brain and cerebro-spinal fluid and that active infection may be 
produced by inoculation of susceptible animals with material obtained during 
the quiescent periods and even after apparent recovery. 

Sagel showed that infection produced by the bite of a tick is much more 
virulent than that brought about by direct inoculation. Relapsing-fever 
spirochsetes are remarkably neurotropic, and that in guinea-pigs the brain and 
cerebellum are still infective fourteen months after primary inoculation. A great 
deal of attention has recently been paid to this fixation in the brain of mice and 
birds. Similarly, Mathis and Durieux showed that strains of /S. duttonif originally 
isolated from shrew mice in Dakar, may persist in the brains of subinoculated 
mice up to 235 days. 

Transmission. — There are two main forms of intermediary host which 
transmit relapsing fever, namely lice and ticks. It has been found possible 
to transmit S. duttoni through lice (Heisch) in the laboratory. A reservoir 
of infection of relapsing-fever spirochsetes has been thought to exist, 
especially in Africa, in small rodents. Thus Nicolle and Anderson in 
Tunis suggested that the spirochaete of these mammals, S. nonnaTidi, may 
be identical with S. duttoni (hut Heisch has recently disproved this). 
This latter organism is virulent to rats and mice, but not pathogenic to 
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guinea pigs. The liis^anica Btraiii is equally virulent to mice, rats and 
guinea pigs. 

Russell ill Accra (Gold Coast) and Boiron in Dtaluir found the pouched 
rat [Cricetomys gamhianns) to be most susceptible to infection with 
S. duttoni, and suggested that the spiroclnete of the slirmv inouso, 
S. crocidum and that of the rat (/?. ahxandnniis), may bo idcuitical with 
8. duttoni. In Panama, Clark and Dunn found a wild squirrel monkey — 
CEdipomidas geoffroyi — naturally infected with S. venesuelends. 

Epidemiology and endemiology. — The fever caused by S. recur- 
rentis occurs, as a rule, at definite seasons of the year, dopendiiig upon 
the circumstances which favour the propagation of the intoriuedia-ry 
host, the body-louse. In times of peace tho poorer and indigimous class 
of the community is attacked. In Europe, for instance, relapsing fever 
has been a feature of famine, as has long boon noted in Ireland, wlioro it 
was once known as “ famine fever.” Widespread epidemics have occurred 
among the partially starved population of Central Eiissia. hi war-time 
it is the scourge of armies in the field, and is cmninonly associated with 
epidemics of typhus, also a louse-boruo disease; therefore tho i-wo in- 
fections may co-exist, as in the great Serbian epidemic of U)15. In 
Southern Europe and Northern Africa relapsing fever is a disease of the 
winter and spring months, at which time people are wont to envelop 
themselves in thicker clothes and to congregate tog(dlier for warmth, 
thus facilitating transmission. Alarm was caused hy thc^ rapidly 
advancing and widespread epidemics of louse-borne relapsing fever which 
swept across Africa in 1921, starting from Upper Guinea. In two yoars 
the number of deaths caused in the French Sudan and tho Niger was 
estimated at 80,000-100,000. In the upper Volta area it caused 20,000 
deaths, and in 1926 in Darfur over 10,000. Generally sptMildng the louse- 
borne disease is uncommon in Equatorial Africa, on account of tht^ scantier 
clothing worn. In Dakar and certain parts of Senegal, however, the 
infection is tick-borne, and the spiroclueto is said to bo identical with 
8. duttoni. In India it has been noted that at the advent of the hot weather, 
in April and May, the lice die oflf and the epidemics of relapsing fever 
come abruptly to an end. 

The epidenuology of tick-borne relapsing fever differs from that of the 
louse- borne disease, as the former is associated with houses and localities 
which form a suitable environment for O^mihodov'iis, and is iiansmittod in 
a hereditary manner. In Central Africa it has been known for many years 
that the rest-houses ” on the main routes of travel are endemic centres of 
this fever, for the ticks live in the mud walls and roofs of the huts, and 
emerge at night-time to feed on man. There is therefore no seasonal 
incidence as in louse-borne relapsing fever. The same has been noted in 
the South American tick-borne form, except that a greater incidence is 
observed in the wet and rainy season, when native labounirs and oil 
prospectors are necessarily more confined to their quarters, 

Evolution of the parasite in the intermediary host.— Philip 
Boss, Milne, Dutton and Todd showed definitely that 8. duttoni is 
normally conveyed by 0. muhata, and that it can be transmitted, not 
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only by the tick which has bitten the infected individual, but also by its 
progeny, even to the third generation (Koch). The spiroehaete has 
been demonstrated within the eggs laid by infected ticks. From these eggs 
nymphs are produced in which the organism multiplies. Once fed on 
spirochaete-containing blood, ticks remain infective for one and a half 
years, and can convey relapsing fever by successive bites to at least ten 
monkeys (Fig. 32). 

Wheeler, Herms and Meyer found a tick vector in California in Ornitho- 
doms hermsi, which they collected from Lake Tahoe, Big Bear Lake, San 
Bernardino, Eldorado and Placer coimties, at an elevation of 5,000-8,000 
feet. These ticks were found naturally infected with the Californian 
strain, and produced infection in mice and monkeys. Chipmunks and 
squirrels, which abound there, seem to be the reservoirs of infection. Ticks 



A. 


B. 


Fig. 32 . — Ornithodorus mouhata, Murray, 9 , x 4. [After Smart). 
(By permission of t?ie British Museum (Natural History). ) 

A. dorsal; B. ventral view. 


fed on the Sierra Chickaree squirrel {Scmms doiiglasiij infected a monkey. 
The most northerly focus is Mount Lassen at 5,800 feet. The bites of 
both male and female ticks in all instars are infective. 

Development in the tick . — The cycle of development differs from that in 
the louse in that some spirochaetes enter the solid organs of the tick, the 
cells of the gut, the Malpighian tubules, and the coxal and sahvary glands. 
Some can even be found in. the ovaries. They remain motile for several 
days after ingestion into the stomach, the duration depending on tem- 
perature. Complete development usually takes about ten days. 

Transmission is effected by the saliva and secretion from the coxal 
glands. When the tick feeds on blood it makes a relatively large puncture 
in the skin and the saliva is delivered at the base of the mouth parts, 
so that presumably none enters the wound, but towards the end of feeding 
the tick evacuates the contents of its hind-gut, consisting partly of faeces 
and partly of nitrogenous waste from the Malpighian tubes. Fluid 
containing spirochaetes is also excreted from the coxal glands through an 
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aperture at tlie base of tlie tnuii legs, in 0. uioiihctfd ibis occurs whik' th(> 
tick is still feeding. (Fig. 32 b.) 

Transmission lias been proved to bo direct by biii' from 0, iholozani 
(Adler) and 0. Iwimi, as these ticks do not pass ftnci'S or coxal tinid when 
biting. If the puncture wound in an oxperiuientai aiiinial be scraped and 
smears made spirocln-etcs can readily bo demonstrated. Ilolapsiiig fover 
spirochetes may survive within ticks for as long as Oi years. 

Development m the /o/f,5e.— According t.o Nicollo S. diitto'ni cannot 
normally be transmitted by lice ; l)ut Heiscli (H)40) in Kenya, has shown 
that batches of those insects collected from patiiuii^s infi'ciod with S. 
diittoni when emulsified, reproduced the disease Avluui iiuiculaied into rat^s 
and mice. 



Fig. lZ^—Bpirooli(sla raciirrmtis of relapsing fever and ils development in the 
louse [P^iculw humanus). {C. M. Wmyon, Trmw, lioy. hint, of Great Hrit.) 

Diagram showB whole body Iiivaaod by spirochtctcR. S, salivary glands ; 0, ogf?- l^cslow, 
spirochoptes in leg and anteiiuos, which aroeasHy brokon oIT, so that fluid oxuding fronxtho 
body infects the skin of the host. 

The louse absorbs 1 mgm. of Idood, ■which may contain large iimubors 
of spirocheetes {S. recunentis). One day after ingesiion they may be 
discovered in the insect’s midgut (at 28® 0.: 82° F.). At this stage some 
attach themselves to the epithelial cells lining the inidgut ; others invade 
the cells, while many die in the gut. By the end of the first day the 
spirochoetes have disappeared, and there then follows a phase during 
which they can seldom be found in any part of the body. This was 
thought to be a “ granular ” phase, as in the tick, but the correctness of 
this question is difficult to decide as the tissues contain so many other 
kinds of granules. Adler and others now reject this theory and consider 
that the organisms persist as spirochaetes, though difficult to find. After 
the eighth day (or even after a few hours— Chung and Feng, 1986) 
spiroehsetes appear in the blood of the louse, circulating through its body 
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cavity. They then increase rapidly and may be found in all parts of the 
body and limbs, but not in the lumen of the gut or within the salivary 
glands and ducts. These fully developed, or metacyclic spirochgetes, 
persist in the body of the louse throughout its life, without causing any 
ill effects. Thus, a considerable proportion of lice taken from a relapsing 
fever patient may be fomad infested (Pig. 83) . 

When the spirochsetes have reached the body cavity they have no 
natural means of egress and the louse can then bite man with impunity, 
but if a leg or antenna is injured or broken, the spirochaetes escape and will 
enter any scratch or abrasion. Transmission probably normally takes 
place by man rupturing the louse with his nails and inoculating himself 
while scratching, xis crushing kills the insect, one louse is capable of 
producing relapsing fever merely in one individual and, therefore, for this 
disease to assume epidemic proportions, lice must he extremely abundant. 

Under optimum conditions 43 per cent, of lice become infected and * 
remain so for 28 days. It is very unlikely that any spirochaetes escape 
in louse excreta. There is no evidence of hereditary transmission in 
this insect. (The crab louse, Fhthirus pubis, appears incapable of trans- 
mitting the spirochaete.) 

Other methods of transmission. — The spirochaetes have been proved 
capable of penetrating the mucous membrane and, if well rubbed in, the 
unbroken skin. Nurses and doctors treating relapsing-fever patients 
have been inoculated through the entry of infected blood into the con- 
junctival sac, and in pregnant women and experimental animals it has 
been proved that the organism can pass through the placenta to the 
foetus. A particularly virulent infection is commonly found in China in heroin 
addicts, conveyed by dirty syringes, just like subtertian malaria (see p. 40j. 

Immunity. — Sabritschewsky, in 1896, showed that, when equal parts of 
spirochsete-infected blood or serum and normal serum are mixed, the spiro- 
chaetes survive longer than when the infected blood is mixed with that of a 
patient who has recovered from relapsing fever. He accordingly concluded 
that the cause of the crisis in relapsing fever and of subsequent immunity was 
the development of some germicidal substance in the blood. He was the first to 
apply serum-therapy, and to obtain an anti-spirochsetal serum by repeated 
innoculation of the horse with human spirochsete-containing blood. 

Treated in vitro with hyper-immune serum, the spirochsetes rapidly become 
unrecognizable aggregations of granules; this phenomenon may be manifest 
in a dilution of 1 : 2000. 

Cunningham in 1925 showed that the spirochsetes (S. recurrenfis) which are 
found in the blood in the initial attack differ serologically from those w'hich bring 
about the first relapse, and, on inoculation into animals, these strains maintain the 
same characteristics. Thus, if strain A be inoculated into an experimental 
squirrel, the initial attack will be of that serological strain, but in the sub- 
sequent relapse the strain will be B ; but if the B strain be inoculated, the 
relapse will be A, and so on. There is thus an alternation of serological strains. 
It is probable that the antibodies produced in the blood-stream by one particular 
strain do not persist long enough to prevent relapses. The tliroiubucytobarin 
(Eieckenberg), or adhesion phenomenon, shows clearly that serological (lillorcuccs 
exist between spirochsetes of the first attack and those of the socom. . On 1 o 
other hand there are numerous immunological strains of tick -home spion i.ttcs, 
even in the same endemic area. 
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OrENBRAL SYMPTOMS CoMMOlSr TO ALL FORMR 

I. Epidemic cosmopolitan lousb-bornb type {SpirocJiceta murrentis). 
—The course and character of the disease vary greatly iu a single epidemic, 
and, further, the virulence of the more severe forms is much greater in some 
outbreaks than in others. The inoubation period usually lasts from two 
to ten days. In some instances the attack develops promptly on exposure ; 
but is never delayed beyond tho fourteenth day. In those ariiticially 
inoculated symptoms show themselves in from iw^o to six days. 

The onset is generally abrupt, being characterized by chilliness or 
rigor, giddiness, epistaxis, vomiting, photophobia, iut.imso Inuidache, and 
pain in calves. In the young there may be convulsions. Tomporature 
rises rapidly to 104° or 105"" E., rarely to 108'' (Clnirt 8). Tlui pulso 
is rapid, 110 to 130. Should fever run high, there may be delirium. The 
skin is dry, although, especially during the first day, occasional sweats 
may break out. A slight icteric tinting of the conjunctiva is usual and, 
not infrequently, jaundice is marked at the crisis. Tho splcK^n is in- 
variably enlarged and tender. The tongiio is coated and moist, oxcoi)t iu 
severe cases, when it may hecome dry, brown, and painful on protrusion. 
The bowels, as a rule, are confined ; abdominal pain may ))o considerable, 
and patients usually complain of pains in the muscles of tho logs, ospocially 
the calves. Occasionally, herpes labialis is noted. There is quite commonly 
an erythematous rash in the initial fever, and later, rose-coloured spots on 
the trunk and limbs. Some authors describe ptdaKdiiiP. T'bo ra,Hh has a 
peculiar distribution, being generally most marked round tho necl(, 
spreading in a semicircular fashion from the tips of the tnastoid })rocosses ; 
thence it ranges symmetrically round tlio shoulders, down tho sides of tho 
chest and abdomen to the inner aspect of tho thighs, and to tho extensor and 
flexor aspects of the forearms. The individual petechire may bo as large 
as a threepenny bit, and need to be carefully difforontiatod from the 
exanthemata of typhus and hiumorrhagic smallpox. They are not easily 
detected on a dark skin. 

Taft and Pike also describe a skin eruption resembling erythema multi- 
forme which persists for one or two days. In bioj)sy made from the 
superficial layers spirochsetes were demonstrated, oven during tho afebrilo 
period. This is the first recorded instance of the discovery of those 
spirochsBtes in the skin. 

The primary remittent fever may last from five to seven days. At 
first the morning is usually lower than the evening temperature, but on 
or about the third day the evening temperature rarely rises above that of 
the morning. On the fourth, fifth, or sixth days there is again a rise of 
temperature, sometimes with delirium, ending in a crisis of profuse sweating 
and diarrhoea. The temperature now falls rapidly to normal or subnormal, 
soinetimes dropping in a few hours as much as 12*^ P. ; in elderly or 
delicate patients there may be dangerous collapse. 

The initial pyrexia, or first paroxysm, is followed by a first period oj 
apyrexia during which the patient recovers so rapidly that after four or 
five days it may he difficult to keep him in hospital. But from seven to 
nine days after the crisis, that is about the fourteenth from the commence- 
ment of the attack, rigor again occurs, followed by a second attack of 
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teyer— first relapse. This may be more severe than the initial paroxysm ; 
usually it is milder, and seldom lasts so long. During it the secretion of 
urine is considerably increased ; STveating also is profuse, and prostration 
marked. A polymorphonuclear leucocytosis of 15,000 to 30,000 is found 
during the pyrexial periods. 

With the defervescence of the first relapse the patient enters on the 
second period of apyrexia, v^hich usually coincides with convalescence 
(Chart 8). But in some patients a second relapse may occur, usually 
about the twenty-first day, counting from the onset of symptoms. This 
second relapse rarely lasts longer than three days, and is generally milder 
than the previous paroxysms. In rare instances three, four, five or even 
more relapses have been observed . Anomalous types of fever are common. 
Some temperature charts show an intermittent fever throughout, some- 
what resembling that of phthisis. Cases with four relapses in a period of 
twenty-six days are met. Occasionally the apyrexial period may be of 



considerable length— seventeen days; in one case in particular, forty-two 
days. In some epidemics chronic diarrhoea, in others arthritis, are a 
feature. 

Convalescence may be protracted, and complicated with such sequelae 
as nephritis, ophthalmia, iritis, oedema of the eyelids, otorrhoea, poly- 
arthritis, pneumonia, neuritis, parotitis, and adenitis. A mild type of 
encephalitis has been recorded (1943). In pregnant women abortion is the 
rule. In some cases attacks of abdominal pain resemble appendicitis. 
Spontaneous rupture of the spleen has been recorded. In one instance 
this organ weighed 315 grm. 

Bilious typhoid form.— This is thought by some to be a distinct 
disease and, on account of the severity of. its symptoms and rapidity of 
its course, especially on the West Coast of Africa, is apt to be mistaken 
for yellow fever. High fever, epistaxis, dyspnoea, intense jaimdice, and 
enlargement of the spleen are noted. The jaundice is probably due to 
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toxic hepatitis. The liver is enlarged. Tlie purpuric rash is a tliroiubocy- 
topeiiic purpura aiul is associate(l witli hioinorrhagi^s from tlio mucous 
membranes. Ha 3 morrliages into the shin and from tlio iutt^rnal organs 
coimnonly occur ; niarhed albuminuria is tho rule. 

Some cases become siuporose, with tyinpanii.es, hiccup, and severe 
diarrhoea. In Abyssinia intense dyspnoea was a proininoiit feature. 
These severe forms are more generally seen in war-tiino, whtui in association 
with starvation and exhaustion, t he disease assumes a uion^ st^rious aspect. 

II. Pkhsian typk (inianeh disease). — This tickboriio type is due to 
S'piroGhceta pemm {socjdianiini). It is fuiiiid tliroughout Persia, and 
apparently also in Syria, Libya and Palestine. lire symptoms may bo 
said to be intorniediat,e between those of tlie {‘pideniic louse-borne and 
those of the Central African type, for, as compn.red with the former, the 
relapses are more numerous and of short, or duration, wliilo t he s})irocluetes 



Chart 9.— Relapsing fever, Persian type. (Bdlinghmi Smith.) 

X Spirochratca demonstratod in blood-11 Im. 


are very scanty in the peripheral blood, requiring a thick-drop midJiod for 
their demonstration (Chart 9). The attack is generally niodiTately sovore; 
the initial pyrexia shows marked morning interniissions, and lasts four to 
five days, when the temperature falls either by lysis or liy crisis. Thi’oe, 
four, five or even more relapses are often noted, lasting’ Roniotimos only 
twenty-four hours, or, at a maximum, three days. Tho spleen is rarely 
enlarged, and icterus does not usually occur, but, according to Harold, in 
certain epidemics the disease may assume a more severe aspect. Jaundice 
and other complications may supervene, and the mortality may bo high. 

III. Centbal African type (carapata disease ; tick fever ; goTgoyct, 
Somaliland) {SpiroclKtiia duttoni ), — The African tick-conveyed relapsing 
fever, caused by S. duitoni, although in type of fever resembling the 
epidemio^ European and Indian forms, differs in some important particulars. 
The initial fever is not usually so prolonged, generally terminating by 
crisis within three days. Diarrhoea and dysenteric symptoms are not 
uncommon. The apyrexial intervals are of very irregular duration, being, 
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according to Philip Ross, sometimes as short as one day; sometimes as 
long as three weeks ; and instead of only one or two relapses, as in ordinary 
relapsing fever, there may be as many as eleven; five or six relapses being 
the rule (Chart 10). The fever, though shorter, is as severe in the relapses 
as in the initial paroxysm, but the intervals tend to become longer, though 
there are exceptions. Sometimes the fever may assume a low chronic 
form, associated with a sharp cutting pain in the nape of the neck and 
vomiting. Iritis or iridocyclitis, nni- or bilateral, is a not uncommon 
complication or sequela. The liver and spleen are generally enlarged, and 
jaundice, bronchitis and pneumonia are frequent comphcations. The 
parasites, usually very scanty in peripheral blood, may be hard to find. 
There is a polymorphonuclear leucocytosis, as in the louse-borne type, and 
a slight microcytic anaemia. 

Fulminating cases, in which the onset is very sudden, were observed 
nine times in a study of 1,500 cases during the East African campaign 



(1914-1918) by J. K. Manson and Thornton. In these the spiroehaetes 
occur in enormous numbers ; coma and death may ensue ^uthm twenty- 
four hours. Sometimes there is most intense icterus. These observers 
considered that death is brought about by impaction of masses of 
tangled spiroehaetes in the cerebral capillaries. 

In natives of the endemic districts the disease, as generally observed, is 
not nearly so severe as in Europeans and strangers, being usually limited 
to a paroxysm or two of one or two days’ duration. The mildness of 
these attacks is probably explained by a partial immunity conferred by 
previous infections. Charters has stated that the tick-borne relapsing 
fever in Somaliland is less severe than the louse-borne in x\byssiiiia. 

impheation of the central nervous system, due to invasion by 
spiroehaetes, is not uncommon. A particularly distressing, but fortunately 
somewhat rare, complication is optic atrophy. Of this there are two forms 
— one w^hich follows immediately upon the cessation of the fever, the other 
which gradually develops after the lapse of several months. Some 
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observers have described aphasia, facial paralysis, lieuiiplo^ia, and implica- 
tiou of the cranial nerves — such as the third, fourth, and sixth (resulting 
in ptosis and strabisnnis), the fifth (trigeminal neuralgia), the seventh 
(facial paralysis), and the eighth (deafness) — coming on suddenly during 
the course of the disoasi^ ; others have recorded signs of niouiiigitis. In 
these nervous complications spirochaetes may soinetimos he demon- 
strated in the cerebro-spinal fluid ; as a rule, it contains an excess of 
lymphocytes and is under considerable pressure, necessitating lumbar 
puncture in order to relieve symptoms. Hawking in Tanganyika failed to 
find spirochsetes on microscopic examination of cerebrospinal fluid, though 
an intraperitoneal injection into mici) produced infoction. In patients 
infected with subtertian malaria a superimpostHl ati ack of relapsing fever 
may detennine the onset of blackwaf.tu' fever. Arthritis is not uncommon. 

IV. Tick-boknb Spanish ttpe (S'j)iroGhccta hispmica). — The most 
complete study of the clinical aspects of this form of relapsing fovc^r is by 
Mas de Ayala (1981). The incubation period is apparently V(^ry short, 
1-2 days, and the onset of the flavor abrupt. It is ushoruci in by iiaiiscnx, 
headache, chilliness, general malaise, a rise of t.omperatiiro to 40^^ 0, 
(104° P.) with congestion of the face and eyes, and drynoss of tlio mouth 
and lips. 

Vhemitial pyrexia persislis for 3-4 days and is associated with drowsiness, 
prostration, and generally with enlargmnent of idio spk'on. Tluu’o is 
the usual rapid fall of temperature at the crisis, often associated with 
collapse, and which responds to injections of adrenalin. 

The periods of apyrexia and relapse correspond closely to those of the 
Central African form- After four attacks tho disease apparently comes to 
an end spontaneously. Tho Spanish typo of relapsing flavor docs not S(Hun 
to be associated with secondary anfemia, as in tiie other forms, though 
there is generally a leucocytosis of 14,000 to 26,000 per c.inm. during the 
attacks. Herpes labialis is common, and the urine often coniaius bile at 
the crisis. Enlargement of the cervical lymphatic glands is said to occur. 

As in S. dxiUoni infections nerve complications have been noted. Facial 
paralysis has been seen in about 3 per cent, some six weeks after the last 
relapse, and iritis is noted in about the same proportion of cases. In the 
campaigns in the Libyan Desert Scott reported nerve-complications in 
22 per cent. This spirochsete is neurotropic, so that meningitis, hemi- 
paresis, facial palsy and ophthalmoplegia were recorded. The cerebro- 
spinal fluid was under pressure with lymphocytic pleocytosis, increased 
protein and globulin : spirochsetes could rarely be demonstrated. 

The prognosis is usually good. The immunity to this strain of spirochfote 
appears to last about a year, 

V. Tiok-borne, Califobnian, Centbal and Sourn: American tvbes 
{Bpiroelfweta Mricata and S, venezueknsis) present no special clinical 
features, but resemble in the main Central African tick-fever. 

Ocular complications of relapsing fever. — 'These were studied by 
Hamiltoii ( 1943) in the Middle East. They ar© thought to be du© to the presence of 
nuzDerons spirochsetes in the ocular blood vessels. Acute iridocyclitis merges 
into chronic cyclitis with persistent headache. Posterior synechiae develop, which 
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may lie broken down by midriatics. A gross vitreous exudate is marked. Despite 
cyclitis and vitreous changes, no choroiditis is observed. Prognosis for vision is 
good. These complications are specially marked in the louse-home type. Optic 
atrophy appears to be confined to /S', duttoni infections. 

Mortality of relapsing fever. — The death-rate is usually below 
6 per cent. In a serious form with jaundice, which has been noticed on 
the West Coast of Africa, the death-rate may exceed 50 per cent. In the 
feeble and old, death may ensue at the height of the first paroxysm, or 
from exhaustion as the result of relapses. 

y/Diagnosis. — This fever is most usually confused with subtertian 
malaria, from which it may be at first indistinguishable on clinical grounds; 
it may also resemble leptospirosis, enteric, typhus, influenza, dengue, 
pneumonia, malignant smallpox, and even plague. In South America 
and West Africa it may be confused with yellow fever. Detection of 
the spirochaetes with the microscope, or by animal inoculation, is the 
most reliable method of diagnosis, especially during the febrile paroxysms, 
and they are readily demonstrated with the dark-ground illu min ation. 
At an early stage the relapsing character of the fever is not available 
as an aid to diagnosis, but at a later period the history of a fever which 
had relapsed about fourteen days from the onset of the disease should 
be regarded as suggestive. 

Wassermann reaction . — A strong pseudo-positive complement- deviation 
is obtainable, both during the pyrexial stage and in the apyrexial periods 
between the early relapses, in about 20 per cent, of cases. This apparently 
applies to all cKnical types of the disease and therefore does not necessarily 
indicate a syphihtic infection. An efficient complement-fixation test has 
been elaborated by Wolstenholme and Gear (1948), employing as antigen 
a suspension of spirochastes {S. duttoni) grown on the chorioallantoic 
membrane of the chick embryo. The test is useful for diagnosis in obscure 
cases as well as for assessing the effects of treatment. 

Treatment. — Careful nursing and dieting are necessary, especially 
in the African type, and must be maintained after the crisis, when the 
patient may be ravenously hungry. 

(1) Antibiotics. — Penicillin . — Based upon experimental studies onS. recurrmtis 
in mice by Lourie and Collier (1944) and later by Eagle and Magnuson, the 
therapeutic efficacy of penicillin in the treatment of relapsing fever has been 
established. With full doses of 50,000 units at hourly intervals the spiroohsetes 
disappear from the blood of these animals within 24 hours. The two last named 
workers estimated the curative dose in man at 25 mega units. 

Schuhardt and O’Bryan (1945) have shown that intracranial penicillin therapy 
cures brain infection in experimental relapsing fever in white rats. 

Taft and Pike ( 1 946) , in two patients, gave penicillin in doses of 40,000 units every 
three hours for 60 doses — a total of 2,400,000 units — causing the fever to disappear 
within 72 hours. There were no relapses. 

Greaves and colleagues treated 271 patients with louse-home relapsing fever in 
Tunisia with penicillin. Total dosage was 480,000 units for adults and 360,000 
for children. All showed a rapid clinical recovery. Ingraham and Lapenta 
(1946) injected 52 patients with the louse-borne type intramuscularly every three 
hours till a milli on units had been reached. Ho relapses occurred. 
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Muwazi (1946) treated 37 ])aticnts >vdtli “ tick lever ” {S. (hiftoni) in U^randar— 
a form which proved more rosistaut to penicillin. Eighteen received a total 
dosage of 9 nicga I units of penicillin. The Egyptian strain of A'. ‘WiTmiliA has 
shown itself particularly amenable to penicillin. 

Sfnptoniijcm, — hTarain and Kalra have treated IS patients in Kashmir with 
streptomycin daily in two divided doses at intervals of 3’-4 hoiii's for tw'o con- 
secutive days. Treatment began after the last paroxysm. Tln^ results were 
equally good in all cases. Streptomycin cured the tw^o who did not respond 
to salvarsan. Levaditi and others have shown that strcpioniyein prevents 
residual brain infections in mice. 

Aureomycin is also specific. Gilchrist gave aureotnycMn by the mouth in 
0*5 grm. every six hoiu's for six doses. In four the blood wms free from spiro- 
chfetes after one dose, in the other four after two. Apa,rt from initial rise of 
temperature and rigors in a few cases tho fall of pyrexia w'as dramatic. Auroo- 
mycin has an action upon spirocliaotos in mice. 

Tmumycin. — Jlorks and Goodwin (1950) working with S. ilnthni in mice 
found it to he 40 times as potent as penicillin. Adler and colleagues (1952) with 

persica in rats found that a dose of 20 mgrn. per kg. cleared tho blood of 
spiroehsetes in two hoiiis. 

(2) 8alvarsa7i. — Salvarsan and its alli(‘d ])roparatioas are specific when injootod 
intravenously in doses of 0*3 gnn. to 0-9 grni., according i*o the age of tho patient 
and the severity of tJic case, the dosage being reckoned as 0-01 grm. for each 
kilogram of body-weight. After a short aggravation of symptoms a crisis takes 
place with disappearance of s})irochiutcs from tho blood and, in tho vast majority 
of cases, recovery. {Should relapse occur, a second injection may bo given. Of 
the salvarsan (arsplienamino) compounds, undoubtedly novarsonobillon is tho 
best ; neosalvarsan, luargol, arsalyl, kharsivan, galyl (0*35 grm.) and salvarsan 
are useful in a descending order of merit, and roeoufcly sulphoxyl-salvarsan 
(Hcichst) has given good results. Tho last mentioned, as also sulphostab (Boots), 
in doses ranging from 0-3 to 0-6 grm., have tho additional advantage that they 
may be given by the intramuscular or deep subcutaneous routes. Evidence 
shows that salvarsan is most efficacious in tho pro- critical period — that is, 
when the temperature is on the rise, directly the diagnosis has boon mado ; 
relapses are apt to occur if it is given whilst the temporaturo is on the falk or 
during the apyrexial period ; this is especially true of the Central African type, 
some cases of which appear to be resistant to salvarsan treatinont. If it is not 
given in the first attack, it should be withhold until the first relapse, and then 
injected on the rise of temperature. It is generally agreed that salvarsan ought 
not to be injected when the crisis is immiiient, A very grave reaction, due to 
the great destruction of the spirochoetes and the liberation of their toxins, with 
corresponding aggravation of the symptoms, or, it may be, fatal collapse, is 
apt to ensue. On the other hand, the great majority of otherwise healthy 
patients recover from most forms of relapsing fever without any specific treatment, 
although convalescence may be prolonged. Albuminuria does not constitute a 
contra-indication to salvarsan treatment. 

Hawking, who made a study of various methods, found the results of arsenical 
treatment difficult to evaluate. Arsantt a salvarsan compound, in which one 
or two arsenic atoms is replaced by antimony, has the same therapeutic value 
as neosalvarsan. The results of treatment of the tick-borne relapsing fever in 
Libya (1942), especially in Tobruk, with intravenous arsenioals, were not satis- 
factory. Cooper reported that relapses occurred in 40 out of 57 oases. 

Arsenic-resistance is rapidly acquired by these spiroehsetes, so that Moretti 
and others who studied tMs problem found that arsenical compounds, which are 
efficacious in the earlier stages of relapsing fever, may be ineffectual if a prolonged 
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period (say of 100 days) is allowed to elapse between experimental infection with 
the spirochsete and the administration of the drug. 

(3) Subsidiary methods , — The collapse and fall of blood-pressure with sub- 
normal temperature which follow the crisis have to be counteracted by strychnine, 
brandy, intrarectal douches of hot salines, and by injections of adrenalin and 
ephedrine. Vitamin K is indicated for the haemorrhages. 

Prophylaxis Table III). — In the louse-conveyed forms of relapsing 

fever prophylactic measures are necessarily aimed at the destruction of lice 
and their eggs by all measures known to sanitary science — often a matter 
of very considerable difficulty when dealing with large groups of native 
porters or labourers, especially during the rainy season. Disinfestation 
is performed by superheated steam in a portable Thresh’ s disinfector, 
or in specially constructed cars in a disinfecting train, the superheated 
steam being supplied by the locomotive, (xarnham has found that DDT 
mixed with powdered kaolin constitutes the best method of disinfecting 
native clothing. (For recent measures of louse destruction, see p. 865.) 

In the African form, prophylactic measures are much more difficult, 
and necessitate intimate knowledge of the habits of ornithodoriis, which 
does not live on the body of its victim, but emerges at night-time from 
the native houses to feed on blood. It is also found on the veld, living 
in the burrows of the wart-hog, but as a rule it is only met in numbers in 
the vicinity of old camping sites (^ee p. 1012). The tick itself is very 
difficult to destroy, but can be controlled by gammexane (B.H.C.). 

The following rules are necessary : 

1. Avoidance of native houses, most of all at night-time — especially 
those situated on much-frequented routes. Bedsteads of 


TABLE III 



Jbpidemic Louse 
ReUpsing Fever 

Afncan Tick Fever 

Other Tick Fevers 

Vector 

Pedic ulus humanus. 

Omithodorus 

moubata. 

Other species of Or- 
nithodoms. 

Haunts 

Humari body and 
clothes. 

Floors, cracks, court- 
yards. 

Eodent burrows. 

Transmission 

Crushed lice : not 
hereditary. 

Coxal iuid, faeces ; 
hereditary. 

In some cases doubt- 
ful ; hereditary. 

JReservoirs . . 

Man. 

Probably man only. 
Maybe mice or 
shrews. 

Rodents, squirrels 

and other animals. 

Biology 

Pediculus feeds only 
on man ; short- 
lived. 

0. moubata feeds 
mainly on man ; 
lives for months or ' 
years. 

Species of ornitho- 
dorus feed on 

animals; occasionally 
on man ; live for 
months or years. 

Disease type , . 

Epidemic. 

House disease. 

Sporadic. 

Control 

Louse control. 

D.D.T. 

Destruction of build- 
ings. 

Concrete dwellings. 
Gammexane. 
Pyrethrum in oil. 

Difficult ; based on 
habits of normal 
hosts or ticks. 

1 Gammexane. 

1 
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n 8 (tiv 0 niBiiiiiiit'Cturo should, iilso not ho u&oil. ^Gtiiups should ho 
placed as far distant as possible from native villages. 

2 Avoidance of much-frequented ground for camping sites ; ornitho- 
doriis can exist without food for years. Sleeping on the ground 
should not be practised unless absolutely necessary, and only 
when well protected by a mosquito-net. A night-light is 
recommended to scare away the ticks. Blankets should be 
carefully inspected before retiring to rest. 

Native huts should be so constructed that a space of 8-1.0 in. intervenes 
between the walls and the ground. Mud and rubble buildings are in- 
advisable ; floors should be raised, and made of cement. A deep trench 
dug round a building and filled with wood-ash has been found effective in 
exduding ticks. A solution of pyrethnun in white oil (()-18 per cent.) has 
been found an efficient insecticide for 0. imubata, applied either directly 
to the ticks or to floors or bedsteads (.'.■a? Chapter LII fur effect of i).I.)T 
and trammexane). 

Children especially act as a reservoir of tho spirooluetes and the ticks 
feed upon them. 

Prophylactic i'lwculation . — Attempts to imniunine the inhabitants of an 
infected district have been undertaken by Russian workers with a vaccine 
composed of a mixture of cultures of the original and relapse strains of 
8. recurrentis, incubated at 37° C. for three days and subsequently kept at 
room temperature for 14-16 days until they had lost their vindence. Each 
i-tjau received 1-0, 1-5, and 2-0 ml. at three days’ interval. A week after 
the last injection tho blood was found to contain spirochretolysins against 
both original and relapse strains. The results showed that it was possible 
to produce inimnnity by inoculation of dead spirocluetes. 

Eor a description of the ticks and their habits, see p. 1011. 
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LEPTOSPIROSIS 

It has become possible, thiough the discovery that certain delicate 
spirochgetes (leptospires) are present in the bloodstream and in various 
viscera, to group together certain fevers vhich have certain clinical features 
in common. Under the heading of Leptospirosis are included infectious 
jaundice, canicola fever, seven-day fever, and possibly other certain less 
^yell-defined types. 


WEIL’S DISEASE 

Synonyms. Icterus Gravis ; Spirochsetosis Icterohsemorrhagica 
Mediterranean Yellow Fever ; Griesinger’s Disease ; Odan-eki (Japanese). 

Dej&nition. — A fever, especially found in sewer workers, caused by 
Lejpiospim icterohcemorrhagim and its varieties, associated, though not 
invariably, with jaundice and enlargement of the liver. The natural 
reservoir of infection is usually the rat {Rattus rattus, E. nomgiciis) and 
field mice {Microtus montehelloi). Since the original discovery by Inada 
and Ido (1915) some 40 separate antigenic types have been differentiated 
and are known as leptospires- A survey of studies in Indonesia was 
given by Walch-Sordrager (1939). 

Geographical distribution.— Formerly thought to he especially 
prevalent in Japan, hut has now been recorded from most countries in 
Europe. It occurred extensively in the 1914-1918 war in Gallipoli, 
Salonika, Egypt and France, North African Coast, and Mediterranean area 
in general. It appears to be specially common in Holland and Germany. 
In West Africa it is endemic in the Congo (near Lake Ki\m), French 
Equatorial Africa, Sudan, Abyssinia. In the Western Hemisphere it has 
been reported from the United States, Peru, Brazil and Argentine, and 
British Guiana. Epidemics have been reported in the Andaman Islands, 
Indonesia and Malaya. There are no records from the Sudan and 
South Africa. 

The disease in the tropics is said to be specially virulent, though further 
researches on this point, as well as on its distribution in hot countries, are 
necessary. In Europe it is said to he commoner in summer-time in 
Holland, where Schiiffner observed 451 cases in ten years; it is specially 
prevalent in the south and in Rotterdam. The Editor, in 19221, recorded a 
case from the London docks ; others have been observed in Scottish 
coal-mines (Buchanan), and in Aberdeen. In 1934 it was shown by 
Fairley that Weil’s disease is by no means uncommon in the sewer 
workers of London, and this was soon confirmed in Liverpool and other 
cities. It is also not infrequent in canal workers. In 1944 an outbreak 
was recorded amongst British troops in Normandy which persisted from 
the middle of July to the end of September. 
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Epidemiology and endemiology. — In Japan ilio disease has a 
definite seasonal incidence, occurring, as a rule, most frequently in the 
months of September to November. The orga,nisni is found as a harmless 
commensal in the kidneys of ^vild rats and luico, and is excreted in thoir 
urine. The disease is therefore usually eiidoinic aiuoiig farmers and miners 
who are exposed to mT soil and water conditions, sucli as prevailed in 
trench warfare and caused outbreaks in 1916 aiui 1917 in bhaiice. hi the 
Andamans, leptospirosis is prevalent during the South-West Monsoon, 
and contiiied to adult males engaged in outdoor occupations. 

In some eases water appears to bo the source of iiireciion, as first 
showai by the Editor in 1922. Epidemics have boon rocordod among 
soldiers in Italy and in Germany after bathing in certain river pools. 
Since then several other hritish iufociions from the same sources have 
been reported. It is now known that spirochaitos of the leptospira typo 
are widely distributed in water, sonio of which have been proved 
pathogenic to guinea-pigs (Ziudisor). 

Jii Holland Schullher showed that the highest iiicidouco is amongst 
those whose occupation brings tbeni near canals, and esju^cially those who 
have fallen in by accident. 

Schtiffner demonstrated that the non -path ogeuie L. bi/lc.m (Zut'kor) o(!(iurs in 
any kind of water, but that pathogenic A. icterohcmmrrhnffiai c*i\t\ bedoinonstratcd 
by immersing experimental guinea-pigs in suspected pools. 

Slime Jever (L, (jri 2 )polyphosa) is an ahortivi^ form ol Weil’s disi^aso 
prevalent in Geimany, where it is often acquired during bathing. No less 
than 700 ca,ses were reporttul in July, 1926. The attaede begins with a 
rigor and a rise of temperataire to 194° E. “ Eiolil fovor ”, or Mahdie des 
jporchers in Savoy, in pigs and man, is duo to L, poniona. 

Schiiffiier and Uhleuhuth described outbreaks of infection with L. grippo- 
ty^hosa in Holland and Germany, and the part played by vokss [Mkrolua arvalu^i). 
Children are mainly infected during play in the holds, where they collect those 
rodents and are frequently bitten by them. In Switzerland the disease is knovm 
as “ swine meningitis.” It has now boon established that it is primarily 
a field-mouse infection similar to that of rats, but in the former the lopto8])ira 
exists as a temporary and evanescent infection. In the liivu distiicit of tlio 
Congo van Riel has found a local rodent (ArviccLiUhus abyssinicus) infoctod with 
X. gri^poty^liosa and L, batavice. 

Annual outbreaks of leptospirosis of great severity wore reported in 
1988 and 1934 in Queensland. These occurred among sugar-cane 
cutters and farmers, especially after prolonged rainfall, the infection 
having entered through scarifications of arms and legs. A native species 
of rat {Rattus cxdmorum) appeared to be the carrier of the infection. In 
1934, Davidson, Campbell, Eae and Smith described an epidemic of 
nineteen cases in Aberdeen, chiefly among fish workers. The patients 
were handling fish in rat-infested premises, the floors of which became 
covered with slime and oflfal. The hands are traumatized in doing this 
work, so that the infection can enter. Depilated guinea-pigs were easily 
infected with water obtained from this source. In the United States an 
outbreak in fish workers was reported by Glotzer (1988). Leptospirosis 
has, therefore, become an “ occupational disease.” 
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The disease occurs in dogs, especially hounds, in ^hich it is known as “the 
yellows,” and has been recognized in the fox, especially the silver variety, and in 
leopards, especially when fed on rats. Stuart (1946) and others have shown that 
healthy dogs harbour both L. icterohcemorrMgica and L. canicola. Broom and 
MacIntyre (1948) have proved that in 27 per cent, of healthy dogs the serum 
agglutinates leptospires, and that the great majority of the positive results are 
due to L. canicola. Canine epidemic gastritis and canine tj^hus (“ Stuttgart 
disease ”) is identical with it. Baber and Stuart (1946) and Minkenhof (1948) 
have identified 49 human infections with this variety in Holland from 1933-1947. 
Others have been recorded in Austria, Denmark, California, Norway and in 
England where an increasing number of cases have been identified by Broom 
(1948) and colleagues. “Canicola fever” has therefore become increasingly 
common in Britain. 

Etiology. — L. icterohcBiiiorrhagics found in the blood, urine, cerebro- 

spinal fluid and sputum. It is a spiral filament with wide flexures, the 



Fig. 34.— Microphotograph of Leptospira icterolKBmorrhagicB from kidney of rat, 
X 3,000. {Dr. A. 0. Coles.) 


individual spirals being in close apposition (Fig. 34). The largest forms 
attain a size of 20 ^ by 0-25 ju, the average length being 6-12 ii. 

It is now generally agreed that the organism is identical with L. icttroides, 
the organism described by Noguchi in yellow fever. 

The organism may be demonstrated hy the dark-ground illumination, 
but is so extremely active that its movements can only be seen with 
difficulty. According to Fletcher, it is most readily demonstrated m blood- 
films by Fontana’s method. Although easily demonstrated in gumea-pigs, 
it can be found in human blood only after prolonged search. microscopic 
sections of infected organs the leptospirae show up well with Levaditi s 
method of silver-nitrate impregnation. 


The organisms exhibit rapid movements ; when free, one end is extended and 
straight the other semiciieularly hooked, so that they progress in the direction ot 
the straight portion and appear to be propelled from the rear by the rotating hook 
This parasite was cultivated hy Noguchi on solid media such as 
gelatin. According to Fletcher, it grows readily on agar impregnated wi 
inmiuiie Berum, but is agglutiaated thereby in a 

culture medium used by Dutch workers consists of tap-water l-^OO ml., w 
peptone 0-16grm., Ringer’s solution 300 ml., Sorensen s sotoon of 
The final reaction of this peptone medium should be between pH 1 
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Three millilitres are placed in a small tube and sterilized, and 3 ml. of rabbit’s 
serum is added. The tubes are then heated to 56° 0. for thirty minutes and 
incubated at 37° C. overnight : thereafter at 25-30° 0. Leptospirm are seen 
by the dark-ground illiimiiiation on the fifth or sixth day, Stefanopoulo, 
Morrow and other workers have cultivated L. ictemhoimorrhngim on the chorio- 
allantoic membrane of the chick embryo. Leptospirm can suivivc for several 
days in whole clotted blood. 

According to Fletcher and Broom, there are distinct serological races of L. 
utzrohcBTnorrhagicBy the Andaman, Indian, and Sumatran strains being distin- 
guishable from those found in Europe and elsewhere. A score or more are 
found in Indonesia and only two in Britain. 

Schiiffner distinguished the dog strain, L. mnicoki, which is found in Holland. 
X. grippotyphosa (Tarasaof) is the name applied to the agent of “ swamp fever,” 
or ^^maladie de la in Eastern Europe (ICorihoff) ; it is chaiucterizod by 

severe jaundice and is closely allied to L. bovis and L. pomom which cause 
severe disease in cattle, pigs and goats in the tropicjs. 

Fletcher and his staff in Kuala Lumpur found that the organisms isolated 
from 26 patients could be separated serologically into six groups, wliilsb Baermann 
and Smits in Sumatra have studied nearly 400 cases. The symptoms of this 
form are mild and much more closely resemble benign forms of relapsing fever. 
The febrile periods last from 2-4 days. 

Strains of organism isolated in Queensland by Clayton and Derrick differ 
from those of European origin and more closely resemble Sumatran tyj)es. 
They were provisionally named L, australis A and B ; the latter is closely related 
to L. canicola. 

There is some divergence of opinion on the advisability of regarding serological 
races of leptospira as distinct species. Methods of ditiorentiation, such as the 
Rieckenberg reaction, are considered by some to bo too delicate and uncertain. 
Antigenic types are now separated by serological methods and arc referred to 
as serotypes and assembled into seirogroiips. According to Broom organisms 
from Malaya can be identified as L. bangkimng, L. baUivicey L. hyos, L. MedanmsiSf 
L. pyrogenes {see p. 206) and L. mchmat. 

The common natural reservoir of the leptospira appears to be the rat, in 
which it occurs in the feeees, urine, and kidneys, though it has not yet been 
demonstrated in the blood. The disease is believed to have been originally 
epizootic in rats, but these animals have now become tolerant. The 
leptospira has been demonstrated in 82*4 per cent, of wild rats in Japan, 
in 56 percent, in Holland (Schuffner), less frequently in France, Tunis and 
Algiers, and in 4 per cent, of sewer-rats in London. In the United States 
the proportion varies from 4 to 33 per cent. L. icterohcemorrhagice has been 
demonstrated by Buchanan in the zooghjoa-like “ roof -slime,” which con- 
stitutes a source of infection in certain, coal-mines in Scotland. It has also 
been found in the green slime of sewers in London by J. M. Alston. 
Probably in this case the portal of entry is through skin abrasions, and 
guinea-pigs have been infected by rubbing cultures, slime or suspected 
water through the skin. Water again may be a source of infection, 
especially when it comes into contact with the bronchial epithelium, as 
by diving and swimming the “ crawl stroke ” (Schiiffner). In Sumatra 
it is thought that native dogs may constitute a reservoir, as Kouwenaar 
and W olfffoundG per cent, of dogs in Medan to be carriers, and the organisms 
were proved to be present in the kidney tissues. Occasionally, human 
eases of infection by L. canicola have been found in Holland and in England 
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too (Lawrent, Broom, and colleagues). The dogs may be quite normal 
or present symptoms. Human cases from the bites of infected rats have 
also been reported. 

Guinea-pigs are very susceptible to experimental infection, and so also, 
but to a lesser degree, are dogs and puppies, rabbits and monkeys. To 
produce the disease in these animals, 8-5 ml. of the patient’s blood is 
required, and should be injected intraperitoneally ; the animal dies of 
intense jaundice about the tenth day. 

Pathology. — The liver is invariably increased in size, and may weigh 
100-150 oz. The gall-bladder is generally half-filled with brown or greenish- 
brown bile. The various microscopic lesions are reducible to three main types. 
In the first there is little destruction of the parenchyma or intercellular tissue ; 
the second is characterized by extreme cellular degeneration ; in the third 
there is a localized destruction of glandular tissue. The fatty degeneration of 
the liver in Weil’s disease is moderate and not so advanced as that seen in acute 
yellow atrophy. The leptospirse can be demonstrated among the cells in large 
numbers by Levaditi’s method. There is remarkable simQarity between the 
pathology of this disease in man and in infected guinea-pigs. In the liver the 
cells appear to he killed individually, not in bulk. The spleen may be enlarged 
and the glandular substance soft and difluent (about 12 oz.). A generalized 
enlargement of the lymphatic glands, especially at the hilum of the liver, with 
hyperplasia and multiplication of the mononnclear cells, has been noted. 
Haemorrhages occur in the kidneys, mostly in the intertubular tissues ; later 
in the disease the microscopic picture may resemble that of early interstitial 
nephritis, and leptospires may he demonstrated in great profusion. Tue 
cells of the convoluted tubules are specially attacked. The renal lesions infected 
with L. canicola have been studied by McIntyre and Montgomery, who have 
shown that the intense cellular infiltration, limited to the boxmdary zone, implies 
the operation of the renal-shunt mechanism of Trueta. The picture is similar 
to that found in blackwater fever and the crush syndrome. Blood escapes 
into the glomerular capsule and down the lumen of the tubule. A characteristic 
type of non-inflammatory degeneration affecting small groups of voluntary 
muscle, particularly the gastrocnemius, has been described. The cytoplasm 
loses its cellular detail and striations disappear. There is said to be a 
reduction in the haemoglobin and polymorphonuclear leucocytosis of 10,000 
or more. There is also a reduction in the number of blood-platelets to 10,000 
per c.mm. (normally 300,000). The coagulation-time of the blood is 
increased to twenty minutes. 

Inoculated guinea-pigs and puppies show marked tendency to bleed ; haemor- 
rhages into the lung impart a characteristic appearance, the so-called “ butterfly 
lung,” or “butterfly patches.” 

Symptoms. — The clinical symptoms can he divided into the first, or 
febrile, the second, orideric, and the third, OTComalescentsta>ge, Sometimes 
the curious phenomenoS* of “ after-fever ” is observed. The incubatwn 
period in man, as well as in experimental animals, is from six to eight, 
seldom as long as thirteen days. The onset is acute, with rigors, vomiting, 
headache, diarrhoea, and abdominal pains, which may simulate acute 
appendicitis. A few hours later, fever ensues, with thirst and very 
severe general aching of the limbs. There is intense injection of the 
eyes, which may constitute the earliest and most striking feature and is 
almost pathognomonic. A distinct network of vessels is seen on the 
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cornea and sclerotics. This reaction is believed to be due to primary 
invasion of the conjnnetiva by leptospine. '3’liere is alao a rod phish-like 
injection of the soft palate,' and often lierpoa lalnalis, which may be 
haemorrhagic. The intense prostration, the almost agonizing muscular 
pains and ach'ng of tlio bonos, with liyperaBsthesia of the calf niiiscles, as 
if the muscles were being cut through with a knife, constitute the most 
distressing features of the illness. The muscles themselves are very 
tender. The pyrexia is irregular, between 108° and 105° F., falling by 
lysis in severe cases about the tenth or eleventh day. There is usually a 
secondary terminal rise of teniporature lasting three to nine days, which 
is associated with excretion of doptospiros from tho urinary tubules. 
Convalescence is established in tho third \vcek, but there is sometimes a 
short temporary recrudescence of fever (“ after fever ”), wdiich is thought to 
be an allergic phenomenon. Jaundice, which occurs in 50 per cent, of 
cases, is noted in from forty-eight to sovonty-two hours from tho onset 
and may be ushered in by luBinorrhages into conjunctiva) or skin, or 
even from mucous surfaces. lk)th icterus and hieniorrhage are ascribed 
to interference with prothrombin production in iho liver. The skin is 
lemon- or orange-colonrod, rarely gnumish, pruritus being very fr(^queiit. 
The icterus is probably dependent on disorganization of function of hepatic 
cells, and is also due in part i.o Imeniolytic ici.erus following destruction and 
phagocytosis of red l)loo(l corpuscles. Tho Van den Jkn'gh reaction is 
therefore almost always biphasic. The jaun(li(*c becomes progressively 
deeper until the ninth or tenth day, but afterwards fades with groat rapidity. 
From the fourth day onwards there may be raslu^s, morbilliform, orythema- 
tous or papular, over the loins, sides of the abdomen and below tho scapulte, 
symmetrically dist-ributed. A purpuric rash betokoiis a bad prognosis. 
Large black hoBmorrhagio s])ots are sometimes seen. 

Tho urine is highly coloured, mnxrly always containing albumin (which 
may he fleeting) and bile, and sonietimes casts and red blood-corpuscles. 
The amount is reduced, and the al])uiuin coni.ent may be considerable, 
and usually persists for seven to ten days, after which a trace only may 
he found. Bile pigments have been noted in thi^ urine in patients without^ 
overt jaundice. The blood-uroa is usually raised before the tenth day 
of the disease, and a secondary rise occurs during the st'condary fever. 
The leptospir^ may be demonstrated in the urine from the tenth day iio 
the twenty-fifth, and may persist as long as 63 days. They can seldom 
be recovered from the blood after the twelfth day. 

Prostration may be extreme. Constipation is the rule, hut the fseces 
contain abundant bile. The pulse is slow in the later stages, and the 
blood-pressure low. A polymorphonuclear leucooytosis, of 10,000 per 
c.mm. or over, is present with an Arneth “ shift to the left ” ; later there is 
an increase in lymphocytes. A high blood -urea of 200-800 mgm. per 
100 ml. of blood is usually found, but is not necessarily serious. Gardner 
and Wylie emphasize that renal lesions develop early and that too much 
emphasis is liable to be laid on the hepatic aspect. The liver may be 
enlarged, but splenomegaly is quite exceptional ; the gall-bladder is 
distended and tender ; the lymphatic glands, especially the inguinal and 
axillary, are often palpable and tender. 
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The third or convalescent stage begins on the thirteenth, or fourteenth day 
with rapid subsidence of the icterus. The patient remains weak, anssraic 
and emaciated. During convalescence guinea-pigs can still be infected by 
injection of urinary sediment. 

Mi:ld Jorm , — After three or four days, in mild cases, the fever subsides 
by lysis. Slight or even severe febrile relapses are often seen at the 
beginning of the third week. Davidson (1937) and Sladen (1939) called 
attention to “ subchnical ” forms in those exposed to infection. Mild or 
anicteric infections usually escape diagnosis. 

Varieties. — Typhoidal, uraemic, and meningeal forms — all of great 
gravity — have been described. In the typhoidal type there may be 
black vomit, delirium, and muscular twitehings. Insommia is invariable. 
In the meningeal type the cerebro-spinal fluid is under pressure, and 
contains excess of albuihin and leptospires in large numbers. Three cases 
were recorded in British troops in Normandy by Bulmer in 1944, but only 
one of these had abnormal cerebro-spinal fluid. Murgatroyd has described 
a peculiarly chronic meningeal form in which the leptospires were recovered 
from the cerebro-spinal fluid six months, and from the urine eight months, 
after the onset of the illness. MoUaret and Erber have found that forms 
of leptospiral meningitis are comparatively common in Prance. Buzzard 
and VYylie (1947) consider the clinical picture to be indistinguishable 
from other varieties of abacterial meningitis. Transverse myelitis and 
progressive paralysis have occasionally been reported. Patal cases are 
usually associated with paraplegia. 

Headache is severe and is associated with vertigo, mental confusion 
and Kernig’s sign. Nystagmus and diplopia, iritis and irregularity of 
the pupils are common. Skin rashes of short duration are noted. In 
the cerebrospinal fluid the cell count and protein are increased, but 
glucose and salt concentrations are normal. 

In L. canicdla infections the disease may be somewhat indefinite and 
jaundice is rare. Important diagnostic signs appear to be fever, con- 
junctivitis, appearance of a rash about the fifth day and symptoms of 
meningeal irritation. Canicola fever should be suspected in all cases of 
lymphocytic meningitis. In the form known as swineherd's disease 
caused by L. 'pomona meningeal irritation is predominant. “ Canicola 
fever ” is becoming increasingly recognized and over 70 cases have been 
diagnosed in England and Wales (Broom). It has been reported from 
Scotland (Jol and Sangster, 1951) and from N. Ireland by Kennedy, 
Cro?:ier and Houston in 1953. 

Complications. — Epistaxis, hsematuria, melsena, haemoptysis, deafness 
and pharyngitis have been noted as complications, and also inflammatory 
ocular changes, such as iritis and iridocyclitis. The secondary fever 
(after fever) or recrudescence with rigors may occur about the fourteenth 
or fifteenth day without recurrence of jaundice. During this stage a 
remarkable pyrexia may develop ; in Japan it is seen in 30 per cent., and 
in Europe in 40 per cent, of cases and may last 14-24 days. The height 
of the fever is often greater than during the first febrile stage. There are 
many arguments against the view that this fever is a relapse, as all attempts 
to mfect guinea-pigs with blood have been negative. It is generally 
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regarded as allergic, and due to absorption of toxins. The sequoia} are 
aiioernia and debility. Alopecia usually occurs in coiivaloscoiice. 

The mortality-rate may bo fairly high — in the Andaman Islands about 
18 per cent. 

Diagnosis. — The urine from the fifth to the eighth day gives an 
intense green reaction when one or two drops of acetic acid are added. 
Early in the disease, if possible before the third day, the blood should be 
examined under the dark illumination for loptospiros, and in doubtful 
cases should be inoculated into guinea-pigs for confirmation. For this 
purpose 6 ml. should bo injected directly into the peritoneal cavity ; 
citrated blood acts equally well, if not kept longer than twenty-four hours. 
The diagnosis may also be made, probably with more certainty, from the 
twelfth day onwards, by injection of the same quantity of catheterized urine. 
According lo Fletcher, the diagnosis is most simply and roadily made by 
direct inoculation of the blood into blood-agar, and subsequent incubation. 
Blanchard and Lefrou (1922) iiicroasod the chances of linding the parasite 
by triple ceiitrifiigalij^ation of the blood. According to Schiiffnor, one 
centrifiigalization of 10 minutes’ duration at 1 ,500 revolutions is useful 
in demonstrating leptospir('S, when tlio plasma is separated from the pre- 
cipitated red blood -corpuscles and thou examined in a thick layer. Sheldon 
(1945) has drawn attention to the lesions of striatiul muscle first described 
by Pick (1917). Loss of striation and vacuolation of the fihn^s occur 
early and suggest muscle biopsy as a diagnostic t(^st. 

An agglutination test with cultures of leptospiros grown on solid media 
is much used ; it occurs in a litre of t in 500, 1 in 1,000, and even as high 
as 1 in 80,000 (Davidson, Schiiffner et ah). The specific agglutinins appear 
in the serum as early as the sixth, more generally about the tenth day of 
the illness, and persist for as long as twonty-two months. 


Postmus (1933) found that this property of the scrum may sometimes persist 
for eight years or longer. In carrying out the tost Schiiffhor used living cultures 
of leptospirse, and also cultures killed and preserved in formalin (0-2 per cent.). 
A small amount of gentian violet may be added to facilitate the reading of the 
results. One drop of antigen and various dilutions of serum are mixed in squares 
ruled on a slide, rocked for ten minutes, and then examined on a white background 
in diffuse transmitted light. On the whole, macroscopic agglutination test is 
less sensitive than the microscopic, For macroscopic agglutination test antigen 
is prepared from actively growing young cultures of leptospirse. The volume 
of culture added is equal to six times the volume of each dilution of serum tested. 
The mixture of serum and culture should be incubated for three hours at 37® C., 
followed hy thirty minutes at 55° C- With living leptospirse agglutination 
appear only in the lower dilutions, as in the higher lysis sets in, rendering 
agglutination impossible. The one disadvantage is that the formalin mixture 
rendered useless by matting together of the leptospirae into 
felt-like clots. The agglutination-absorption test was used by Schuffner and 
others as a means of differentiating strains of pathogenic leptospirse; by these 
means he separated A. canicola of the dog. 

Gardner (1947) uses rich cultures of living leptospirm. Agglutination is 
observed with dark-ground illumination. With a 3-mm. loop a loopful of 
suspension is placed on a slide and 1 -mm . loopful of 1 : 10 dilution of serum added 
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to make a dilution of 1 : 100. Preparations are best examined under dark-ground 
illumination. Care must be taken to avoid auto-agglutination. 

Brown and Davis demonstrated that the “ adhesion ” or Rieokenberg pheno- 
menon is applicable to the diagnosis of Weil’s disease as well as of trypanosomiasis. 
The reaction possesses distinct advantages over agglutination owing to the ease 
and certainty with which it can be practised. The test consists in allowing the 
immune serum to interact with the specific leptospira in the presence of a suitable 
indicator such as bacilli or blood-platelets. Not only can the disease be diagnosed 
by this method, but it may also furnish a means of differentiating leptospixse. 

The cultures used for the macroscopic agglutination test are obtained on 
Noguchi semi-solid medium by incubating at 32° C. for 5-7 days ; 0*2 ml. of 
such a culture of actively motile leptospirse is kept in a water-bath for one and 
a half hours at 37 ° C., mixed with an equal quantity of antileptospiral serum 
and examined by dark -ground illumination for agglutination. 

Gardner and Wylie (1946) used formolized serum -water cultures of the 
organism. For the culture a simple solution of 12 per cent, rabbit serum in 
glass-distilled water is most satisfactory (copper-distilled water is useless). 

Gaehtgens elaborated a complement-fixation test. The antigen is a culture 
of leptospirae, centrifuged, and the sediment suspended in saline containing 
0'3 per cent, carbolic acid. 

The centrifuged deposit of urine rich in these parasites may be utilized 
for an agglutination test in place of a culture, and the diagnosis^ has by 
these means been placed upon a scientific, if not on a practical basis. The 
leptospires can usually be demonstrated in centrifuged urine, and may be 
present up to the sixty-third day, though they generally disappear on the 
fortieth. Davidson has pointed out that their numbers are somewhat in- 
constant and they may disappear altogether in acid urine. If negative at 
first, this test should be repeated every second day up to the end of the 
third week. 

An antiserum specific for the Leptospira dcterolioemorrhagicB has now 
been prepared from rabbits, and by this means the identification of the 
organism has been made possible. 

Randall and Cooper (1944) have found that the golden hamster 
(Gricetits aurakis) is a test animal for the diagnosis of leptospirosis. 
Leptospires can be seen microscopically in peritoneal fluid withdrawn by 
capillary pipette 3-4 days after inoculation. Young hamsters, 3-4 
weeks old, are susceptible to infection with L. canicola, but young 
guinea-pigs and mice prove comparatively resistant. Injection of centri- 
fuged urine from an infected dog in 9-10 days produces death. This 
test can be employed for the differential diagnosis of L. canicola from 
L. icteroliCBJiiorrhagice infections since the hamsters succumb to both, 
whilst guinea-pigs succumb only to the latter. Schlossberger and 
Langbein (1952) have shown that L. icferohceniorrliayicE can be transmitted 
through Ornitliodorus moubata and can be demonstrated in its eggs. 

From the fifteenth day onwards the immunity reaction may be employed ; 
for this purpose 1 ml. of the patient’s serum is left in contact, for fifteen minutes, 
with several times the lethal dose of the leptospira, and injected into a guinea- 
pig, which does not develop symptoms of the disease, while control animals die. 

Differential diagnosis. — The disease has to be differentiated from 
yellow fever, infective hepatitis, catarrhal jaundice, syphilitic disease 
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of the liver, and the icterus of relapsini? fever and of malaria. The fever 
mubt be distinguished from that of relapsing and of vellow h^ver, and 
the leptospira from Sfivochmta rccurrenfis . On clinical grounds the 
diagnosis should not be missed, when jaundice, associated with nephritis 
and nitrogen retention, is followed 1)7 headache, muscular pains and 
scattered haiiiiorrhages. The difficulty in diffenjntial diagnosis between 
leptospirosis and yellow fever may he realized when it is remembered 
that the cases studied by Noguchi as instances of y(dlow fever were, 
almost certainly, cases of leptospirosis. Paget’s sign is not present in 
leptospirosis (see p. 845). 

In fevers such as typhus ixnd cerebro-spinal fever, and in several others 
in which relapse may occur, including plague, rat-bite fever, and para- 
typhoid (especially paratyphoid-B), jaundice may bo a complication. 
Other possibilities are lobar pniMuiionia, portal pyiemia, and, occasionally. 
Bad coli septicsemia. 

Treatment 

1. General conduct of the case. — The systematic treatment 
consists in keeping the patient at rest, tlusliiiig out the bowel by repeated 
small doses of calomol, and intravenous injection of normal snliiio contain- 
ing 5-10 per cent, of gucose. Should the nephritic symptoms bocoaie 
severe, intravenous injections of saline or of Ringer’s solution, J to 1 litre, 
naay become necessary. Williams (1947), in a case of renal failure with 
deep icterus, secured a euro by high spinal aiuBSthosia up to the 
level of the seventh dorsal. The results wore dramatic and diuresis 
coinmenoed with a good urea content of the urine. The urha ooncontra- 
tion in the blood must l)e watched. The diet must bo liquid and, if 
vomiting is persistent, should be givim as nutirient enumata. For the 
pruritus accompanying icterus, ant.i-histamine compounds are recom- 
mended. If anuria develops the ireatmont of Ihill, Jollu^s and Lowe 
(1949) should be given. In this the thiid intake, which is riMlucod to the 
level of insensible loss, is provided by an onuilsion of peanut oil and 
glucose in water. The diet, containing no proticin or mimmil salts, is 
administered by intragastric drip. 

2. Pemcillin treatment. — From 1944 onwards many papers have 
been published showing the specificity of penicillin for leptospira infections. 
The results in man have been based on experimental infections in guinea- 
pigs (Heilman, Herrell, Hart, Cross, Alston and Broom, 1944-45). Buhner 
(1946) found that in man this was the most successful form of treatment, 
given in 40,000 units with an average amount of 1,125,000 units by 
continuous intramuscular drip, hut it is essential that, to be successful, it 
should be given early, before damage to the liver or Iddneys has taken 
place. All observers have been struck by the dramatic improvement 
after penicillin in 36 hours. In adequate doses it appears to shorten 
the general effects of the disease, as assessed by the duration of fever, 
but it does not affect the degree or duration of eholsemia as estab- 
lished by the icteric index and van den Bergh test. Therefore penicillin 
should be injected in all cases of WeiTs disease as soon as possible and in 
high doses. Danaraj (1950) states that in 19 cases, including seven with 
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Bieningitis with changes in the cerebrospinal fluid, penicillin in 
50,000 units was given every three hours for 7-10 days with benefi^U 
effects. Broom, on further analysis, has criticized the results of penicillin 
treatment. No therapeutic results are reported from other antibiotics 
(Hall, Hightow’er, Diaz and others, 1951). 

3. Antiserum treatment — ^An efficient semm is prepared by Burroughs 
Wellcome. This is giyen intravenously at intervals of several hours for at least 
four days in succession; 20 ml. at least should be given at each injection. For 
a man of 70 kg. weight, the dosage is 60 ml. daily for three to five days. 
Usually, after this treatment, the temperature begins to fall, but in advanced 
cases, in which jaundice and uraemic symptoms have supervened, the method 
is of little value. Failing the provision of commercial antdeptospiral serum, the 
serum of patients convalescent from this disease has been injected in daily doses 
of 30-40 ml. intramuscularly. To give the best results, this immune serum 
should have an agglutination and lysis titre of 1 : 20,000, and this is reached 
30-50 days from the commencement of the attack. It deteriorates when stored 
and should not he used after six months. 

Prophylaxis. — Prophylaxis manifestly consists in sterilizing the 
fsecal and urinary discharges of the patients, and in waging war against 
the rat, the natural host of the parasite, and carefully guarding against 
its access to food. Swimming, especially the “ crawl stroke,” in pools or 
rivers known to be the source of the disease should he avoided. Sewer 
workers must protect themselves against abrasions. Noguchi prepared a 
vaccine of killed cultures of leptospires which he used for prophylactic 
inoculation in Japan. 


SEYEN-DAY FEVER 

Syiion 3 mis. Nanukayami ; Shuekl ; Sakusku Fever (Japanese) ; Autumn 
Fever. 

Definition. — ^A short fever, due to Le'ptospira JieMomadis and L. autum/mlis^ 
occurring epidemically during the summer months, especially in Japan (Fukuoka), 
characterized by sudden invasion, severe headache, pains in the back and limbs 
and pyrexia of a peculiar saddle-hack, or occasionally of a continued type, 
lasting from six to seven days and associated with a relatively slow pulse. 

History. — Possibly this is one of several fevers included imder the term 
“ simple continued fever.” Its differential diagnosis from dengue was rendered 
clear by the discovery in 1918 of the X. hMomaiis by Ido,~Ito, and Ward. 

Geographical distribution. — The home of the disease is Japan and 
Okinawa; it is found in China (Shan-si), and also in India, the Dutch East 
Indies and Australia, especially in dairy farmers. A disease of dogs in the 
Malay States was proved by Metcher to be produced by a leptospire of the 
X. hebdomadis type. 

Possibly also the organism described by Derrick (1942) in Queensland as 
X. pomona is related to X. hebdomtidis and also L. antumnalis which was found 
in Fort Bragg fever ” in N. Carolina in 1944. 

iEtiology. — X. hebdomadis and X. autumnalis resemble X. icterofimnorrhagice 
closely, but can be distinguished by serological reactions. These organisms are 
said by Noguchi to be slightly longer, the elementary spirals almost geometrically 
equidistant. They are present, though in small numbers, in the blood-stream 
during the pyrexial period, may be demonstrated by Gieinsa’s stain or by the 
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darlc-fti’oiind iJliiiniiiation, and are readily cultivated by Nogiicdii’s method. 
Tlie chief channel of elimination is kidneys and mine. 

The sliort-earcd Hold- vole {Microtiis 7)wnUihclloi) appears to be the normal 
host of the leptospirc in Japan, and the organism can l)o detected in the kidneys 
and urine of 3-3 per cent, of these animals, whudi can convey the disease by 
their bite. The endemic area of provalcMiee of seven-day fever corresponds 
with the distribution of this vole in Japan. 

Microtus, sometimes ternred a field-niouse, is really a stump-tailed field- 
vole, and is common in country districts in Japan. It burrows in the ground 
and feeds on roots and grain in much the same way as other small rodents. 

The blood of convalescents from seven-day fever contains Sfiecific immune 
and leptospiracidal bodies and, when injected, together with a culture of the 
organism, into the peritoneal cavity of a guinea-pig, gives a positive Pfeiffer 
reaction. Young guinea-pigs are susceptible to inoculation with the blood of 
patients, and with cultures of the leptospiro ; they may also he infected via the 
skin or os. 

Symptoms. — The symptoms resemble those of Weil’s disease but are much 
milder and are non-i(‘toric. The eases caused by L. antmmmlis <\spocially so. 
The blood shows a slight Jcmcociytosia. ''Pho dinease ap]')(^arH to he transmitted 
by the bite of infected field- mice, so that the patients are generally workers in 
the Helds and forests. 

After a short invasion-period the fever comes on briskly, and is ac‘-eompanied 
by depression, muscular pains, especially in the calves, conjunctivitis, digestive 
symptoms, and enlargement of the lymphatic glands. Apjiaroutly, sovon-day 
fever is a mild disease, lias no mortality, and no dist.inc‘tiv<‘ pathological 
anatomy. The organism can be domonstrated in considerable numbers in 
the urine after the eighth day, and may persist to the thirty-ninth day. 
Albuminuria is noted in the early stages. 

Differential diagnosis. — The disease is to bo disbinguished from relapsing 
fever, Weil’s disease, rat-bite fover, and especially fronx donguo. There 
is considerable difficulty with dengue, for many writ(U'H have confused the 
two, and some consider them identical, but in view of rcHH^nt work there 
can be little ground for adopting this view. The bone-pains and the morbilliform 
eruption in dengue suffice to distinguish it from seven -day fover. 

Treatment. — The disease being generally slight, no specific treatment has 
been evolved. The fever must be treated on general lines. Pouieillin troatnaent 
is of coiu’so indicated. 

ISTot:®. — I n Sumatra various observers have isolated leptospires from illnesses 
of different degrees of severity, including fevers of from one to jfivo days’ duration 
with no jaundice ; more severe cases with jaundice ; and finally, liaemoglo- 
binuric cases resembling blackwater fever (see p. 65). The organism isolated 
from mild oases is morphologically identical with L. icterohcemorrhagice and 
may produce severe symptoms on inoculation into guinea-pigs. Vervoort 
(1923) proposed the name of L, pyogenes for organisms isolated from these 
fevers of short duration. 

Fletcher in the Malay States also isolated leptospires from a variety of 
febrile ^ cases, some resembling dengue, and he classified the organisms 
serologically into a number of groups. Owing to the instability of serological 
reactions, and the fact that primarily non-pathogenio water leptospires may 
be rendered pathogenic so as to produce symptoms of Weil’s disease in animals, 
Baermann and Zuelzer reached the conclusion that all so-called pathogenic 
leptospirse are identical with free-living forms in water. 

The serotj^es and serogroups of the numerous leptospires have recently been 
reviewed by Broom (1953). They form an extensive and complicated subject. 
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RAT-BITE FEVER 

Synonyms. Sodoku — so (ra.t), doTai (poison) ; Sokosha (Japanese) ; 
Cat-bite Disease. 

Definition. — An acute febrile disease caused by S'pirillum minus 
(morsus-ni'iiris), inoculated into man by the bite of an infected rat (some- 
times also cat and ferret) causing a local disturbance at the site of infection, 
followed by a general fever, with a tendency to relapse and, in some cases, 
a cutaneous eruption. “ Cat scratch fever ” is a different condition and 
is probably tularaemia (Eox, 1952). 

Geographical distribution. — Eat-bite fever appears to have a wide- 
spread distribution, but is especially common in Japan. Cases have been 
reported in Great Britain by Border, Low, Atkinson, and Joekes, and 
in the United States, Germany, Italy, Australia, and East Africa. 

.Etiology .—S. 7mnus [SpiroclKBta m, nmris; Leptospira muris) is a 
short, squat spirillum differing greatly from spirochsetes, at any rate in the 
human body. It measures 1-5-6 ju, in length; the pointed extremities are 
continued into one or more flagella; including this, the total length may 
be 15 [ 1 . (Pig. 35.) The curves are regular, and generally number three 
or four, or even six or more. It is difficult to demonstrate in the blood in 
the living state, even by the ultra-microscope,^ but it may be seen in the 
exudate in the neighbourhood of the bite, and in the juice from the 
superficial lymphatic glands. 

In the living state the organism, under the microscope, moves rapidly 
like a vibrio, by lashing movements of the flagella ; the body itself is held 
rigid, and in this maimei the movements can be readily distinguished from 
the vibratile motions of the true spirochaetes. This fact, together with a 
certain amount of doubt regarding its method of multiplication, has led 
to some controversy on its systematic position. The presence of the 
spirillum can he easily verified in suspicious cases by inoculation of white 
mice with any of the material in which it can be seen. Next to mice, white 
rats, guinea-pigs and monkeys (Maeaca) are most susceptible. The 
spirillum can also persist in the blood of dogs without giving rise to any 
obvious symptoms. In mice, Ozeki has shown that the infected animals 
can be recognized within one or two months after infection by the loss of 
hair on the belly, chest and the nasal hne, including the eyes and ears. 
Usually, however, experimental animals survive. The organisms appear 
in the bloodstream about seven days after inoculation, and persist for 
several months. The disease can he transmitted by the brown rat (Rattus 
norvegicus), the black rat (E. rattiis and E. alexandrinnSj E. r. kijabius 
(Heisch) ), the bandicoot rat {Nesokia bandicota), the ferret or cat. 

In Calcutta 2 per cent., in. Venezuela 10 per cent., in Amsterdam 1 per cent., 
and in Toulon 18 per cent, of rats have been found infected, S, minus has not 
been found in the rodent’s saliva, but the transfer seems to take place by a breach 
in the tissues through which the organism escapes, and is thus inoculated into the 
bite wound. 

^ By this magnlficatioa fine flagella appear to dotke the body of the oiganista. 
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T]i 6 organism resoniLlos, and is? probably idoiitical with, S. l(WGV(iiii 
and S, 7 nuns, wliicli liavo boon found in Uio blood of rata and mice in 
various parts of tlio world. Lovaditi atati'd tliat in mico tliis infoction is 
hereditary. Saisawa and Taisia have shown that the si)irilla can be found 
in large nmnbers in ihe peritoneal fluid of mice, and when these animals 



Fig. iS,— /Spirillum 7ninus of rat-bite fever in mouse. X 2,500. 

are treated with small quantities of neosalvarsan tho organisms persist in 
the brain and in the spleen. Liko the true spiroohrotes, they have the 
power of forming remarkable agglomerations, somotiinos forming balls 
40-50 [ji in diameter. Under the dark-ground illumination, these clumps 
move like a rolling balk 

Joekes has succeeded in cultivating S, muris, which ho found in 25 per cent, 
of the wild rats in London, by using an inspissated horse-sorum slope, as employed 
for the diphtheria bacillus, over which is poured Vervoort's medium (1 per cent, 
peptone to which are added 3 c.c. of normal phosphoric acid). Primary culture 
is obtained hy inoculating tho medium with blood from an infected guinea- 
pig and incubating at 37” C. Subcultures are easily maintained in 1 per cent, 
glucose broth. 

The immunity conferred on man and animals by an attack of this fever 
is permanent, and protects, apparently, against all other organisms of the 
same type that have been procured from various sources. 

Although the general belief is that j8. minus is tho cause of rat-bite fever, it 
is necessary to state that there are some cases from which JStreptobacillus monili- 
Jormis (Actinomyces muris) can be isolated on special media, In the United 
States it has been found that infection of wild rats with S, moniliformis (A, muris) 
is much commoner than with Spirillum minus. By some this is still considered 
to be the setiological agent. 

8. moniliformis (A. muris) first isolated in 1914, was shown by Parker to be 
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responsible for a milk- borne epidemic, Hav'erMl fever.*’ It is recognized in 
the U.S.A. that there are two rat-bite fevers, and that the one due to this organism 
is curable by intramuscular injections of 200,000 units of penicillin and strepto- 
mycin; one case (1948) is reported from Edinburgh from a bite of a laboratory 
rat by Lominski, Henderson and Mc^NTee. The latest work on this organism is 
by Waterson and Wedgwood (1953). 

The differentiation of these two forms is summarized by Witzberger and 
Cohen (1944) as follows : — 

Sodoku Haverhill Fever 

Transmission Bite of rat. Bite of rat or other animal. 

Possibly contaminated food. 

Incvbation ^period 5-30 days. 1-10 days, average 6. 

Wound from hite Apparent healing, followed by Heals promptly, 
chancre-like ulceration. 

Lymph glands Regional lymphadenitis. Not involved. 

Systemic (a) Regularly relapsing type (a) Intermittent, but not 

manijesiations of fever. regularly relapsing type of 

fever. 

(b) Generalized maculo- {h) Macular, pustular and 

papular rash. petechial eruption. 

(c) Varying degrees of pros- (c) Varying degrees of pros- 
tration and debility. tration. 

(d) Arthritis very rare. (d) Metastatic arthritis 

fairly common. 

Laboratory Pol 3 miorphonuclear leuco- Same. 

findings cytosis. 

Secondary anaemia. Same. 

Kahn test, usually -f . Negative. 

Isolation of spirillum IscAslUoh of S.rnonilijormis hy 
by animal inoculation of blood culture and firom 
blood or infected gland. pustules on veal infusion broth 

enriched with rabbit serum. 
Agglutination test negative. Agglutination tests with S, 

moniliformis positive. Serum 
agglutinates a polyvalent 
antigen of the bacillus. 

Treatment Responds to arsenieals and Arsenicals of little or no 

to penicillin. value. Curable with penicillin. 

Pathology. — In inoculated guinea-pigs and white rats swelling of the 
lymphatic glands and spleen is observed. There have been few recorded 
human autopsies. Degenerative changes occur in liver and kidneys. In 
some cases increase of cerebro -spinal fluid and hypereemia of the cerebral 
cortex have been reported. 

Symptoms. — The iricubation period varies from one to sixty days, 
the average being from five to ten days, during which time the wound 
heals. Then the cicatrix itself, and sometimes the surrounding tissues, 
become inflamed with formation of blebs and even necrosis. The lym- 
phatics draining the area are implicated, and the glands themselves 
become swollen and tender. The supraclavicular lymph glands are 
specially affected (Heisch). The onset of the fever is characterized by 
rigors and malaise ; the temperature gradually rises in three days to a 
maximum of 103-104° P., and, after a further period of three days, ends 
in crisis with profuse sweating. 
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After the primary attack a qui escent 
interval of five to ten days ensues, 
with subsidence of the local distur- 
5' bance. One or more relapses 
(Chart 11), associated with the same 
^ symptoms and a char act ei*is tic purple 
S papular exanthein, or urticaria, on 
^ the chest and arms, have been noted. 
§ The eruption is sometimes nodular. 

With each bout of fever the cicatrix 
CH at the site of the original bite be- 
'o comes inflained. 

'I In most cases tlie reflexes are 
^ increased ; there may bo pains in 
K the muscles and joints, hyper- 
jcsihesia and ne^donia of various parts 
of the body. In some casus arthritis 
has been reported. The death-rate 
§ is about 10 per cent. In fatal cases 
the end is ushered in by delirium, 
I often lapsing into coma. Some cases 
I subside spontaneously : others go on 
for months. 

^ As in relapsing fever, the organ- 
^ ism can he demonstrated in the blood 
2. during the fever only, disappearing 
during the apyrexial intiorvals. The 
serum agglutinates tho Bpirilliim in 
=S low dilutions- There is an eosinophilia 
during the paroxysm and a moderate 
lencocytosis of about 15,000, It is 
^ said that the serum in this disease 
I gives a weak positive Wassermanii 
*S and Kahn reactions. 
c Diagnosis. — In many cases the 

1 diagnosis of rat-bite fever can bo 
*2 fully estabhshed from the history, 

2 the infiltration at the seat of the bite, 
the typical temperature curve, tho 

^ rash, and the effects of the admin- 
J; istration of neoarsphenamino or 
^ penicillin. This diagnosis can be Con- 
'S firmed either by dark-ground illuini- 
o nation, when spirilla may be seen in 
the exudate obtained from the site of 
the bite, or in the serous fluid from the 
papule, or by Giemsa-stained smears. 
It is seldom possible to demonstrate 
spirilla in a thick blood-film. If a number of relapses have occurred, 
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probably the best examination to make is for the presence of lytic 
antibodies. Absolute proof of the clinical diagnosis may be obtained 
by inoculating the patient’s blood, lymph gland, or a piece of excised 
wound into guinea-pigs and mice. 

Savoor and Lewthwaite demonstrated the curious fact that a well- 
marked rise in Proteus OXK agglutinins occurs in the blood of rabbits 
inoculated with S, minus, but in man, as well as in infected monkeys, the 
reaction is negative. 

Differential diagnosis. — This has to be made from the different forms 
of relapsing and trench fevers, with which the temperature chart has 
much in common. In tropical countries the possibility of a co-existent 
malarial infection has to be taken into account. The pufdness of the face 
accompanying the urticarial eruption may simulate Bright’s disease. 

The reaction occurring around the site of the scar is apt to be confused 
with erysipelas or cellulitis. 

Treatment.— Penicillin . — ^Lourie (1943) first showed that with peni- 
cillin S. minus disappears from the blood of experimental mice in 24 hours. 
These results were later confirmed by Heilman and Herrell (1944). It is 
equally efficacious against Strejptohacillus moniliformis (A, mnris). Oehme 
(1950) has reported the cure of rat-bite fever (by bite of water rat) by 
penicillin which was administered in doses of 25,000 units every three 
hours till one mega unit had been attained. A crisis occurred 12 hours 
later with fading of the rash. Salvarsan and its derivatives act as 
specifics. As a. rule, one injection of neoarsphenamine^ (0*4-0 *6 grm.) 
is sufficient. 

Occasionally the intravenous injection has to be repeated as a 
prophylactic measure. A cat- or rat-bite should always be cauterized. 

As in syphilis, so in rat-bite fever bismuth compounds appear to have 
a definite curative value, and in the fungus-infection (A. muris) strepto- 
mycin is indicated. 

Prophylaxis. — Quite obviously, the prophylaxis of this disease, as 
in plague, rests upon efficient rat destruction. In Manila, for instance, 
it has been found that the distribution of rat-bite fever and pla^e are 
CO -extensive and that therefore measures taken against one are in fact 
effective against the other. 

^ ITeoarsplidiiainizie is the nanie oflBcially adopted in place of novarsenobilloii, neosaJvarsan, etc. 
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Subsection C.-FEVERS CAUSED BY BARTONELLA AND 
RICKETTSIA BODIES 

CHAPTEE X 

BARTONELLOSIS 

(OEOYA FEVER AND VERRUGA PERUANA) 

Medical opinion in Peru has always regarded Oroya fovor and verruga 
peruana as clinical manifestations of the same disease. Per a time this 
view appeared to be negatived by the Harvard Commission in 1915, 
but the important work of Noguchi on the cultivation of tdio bodies of 
Oroya fever, and the subsequent production of verruga-like lesions on 
inoculation into monkeys, has established the unity of these apparently 
distinct diseases as generalized and localized inanifostatious of the same 
infection. Mayer and Kikuth in Germany fully continned the work of 
Noguchi. 

OnovA Fevee Stage (Geneealizeb BARTONELLOsm) 

Synonym,— Carrion’s disease ; “ Ouaitara fever.” 

Definition. — An acute specific fever, endemic in certain valk^ys of the 
Andes, characterized by a rapidly developing anaemia of the pernicious 
type, irregular pyrexia, and great tenderness over tlio blood-forming 
tissues. The organism is Bartonella hacillifonnis^ 

History. — The first attempt to settle the Aetiology of this disease was made 
by the self-sacrifice of Carrion, a medical student who, in 1885, fatally inoculated 
himself with the blood from a verruga nodule in Lima. IVom this experiment 
Peruvian pliysicians concluded that the venuga and Oroya fever were difibrent 
stages of the same disease. Many thousands died of this fever during the reign 
of the Inca, Huayna Capac. 

It is thought that Oroya fever was the disease which proved so fatal to 
Pizarro’s army in the sixteenth century. Fours has recorded that all engineers 
superintending the building of the Trans-Andean railway contracted fever 
and half of them died of it. In 1 906, out of 2,000 men employed on tunnel 
work, 200 perished. The monograph of Odriozola (1898) contains a classical 
account of this. 

Geographical distribution. — ^Between the 9th and the 16th parallels 
of South latitude, and at an elevation of from 3,000 to 10,000 feet, in 
certain narrow valleys (quebradas) of the western slopes of the Andes, this 
peculiar fever is endemic. It is therefore found in Peru, Ecuador, Bolivia, 
Colombia, and Chile, and probably in Guatemala. A considerable outbreak 
occurred in the Gu4itara Valley in South Colombia, near the Ecuador 
boundary, in 1936, mainly in the valleys of the Pacual, Juanuinbd, Mayo 
and Sambingo, tributaries of the Rio Patia. Its topical as well as its 
geographical range is singularly limited ; it is confined to certain hot, 
narrow valleys or ravines, the inhabitants of neighbouring places being' 
exempt. 

It is said that the disease may be acquired when merely journeying 

authoritative work, Infectious Anceirtias due to Bartonella and related red-cell Parasites, by 
D. elmnan, Trans. Amer. PhU, Soc., 1944, XXIII, Part III, 243-389. 
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through the endemic districts, more especially if the traveller passes the 
night there. Although out-of-door workers are the most subject, all ages, 
classes, and both sexes, including infants, are liable. 

.Etiology. — During the fever certain rod-like bodies are found in a large 
proportion of the red blood-corpuscles (Fig. 36), and in endothehal cells of the 
lymphatic glands. These were noted in 1905^ and again in 1909 by Barton, 
who considered them protozoal ; his findings were subsequently confirmed by 
Strong and other members of the Harvard Commission who termed the bodies 
Bartonella hacilliformis. The organisms somewhat resemble stages of a piroplasm 
(Theileria parva) during its cycle in the lymphatic glands, and similar bodies are 
found in the blood of normal mice and certain rodents (Bartondla muris), w’hich, as 
Mayer, Borchardt and Kikuth have shown, exist as a latent infection, but which 
may produce an acute and fatal anaemia, resembling Oroya fever, after removal 
of the spleen. (The cau^l organism of dog-anaemia following splenectomy is 
Bartonella canis. The clinical course of this infection is connected with an 
endothelial reaction, and the organism is transmitted by rat-lice (Hce/nmtojpinus).) 



Fig. 36. — Blood smears with numerous BarioneUa iacUliformis (human Oroya 
fever). (Kikuth.) 

From the morphological standpoint, Bartonella and Rickettsia have resem- 
blances. Roth are minute, pleomorphic, Gram-negative and intracellular. On 
account of their peculiar behaviour, GfahameUa, first described by Graham-Smith 
in the blood of moles, should be kept apart horn BarioneUa and regarded as a 
separate genus. In some repeats they resemble Pasteurella tularensis. 

Two forms of R. bacillijormis are recognized : one is a rod-shaped, slightly 
curved bacillary organism 2 p long by 0-5 p. broad, staining with Romanowsky 
an intense blue, often in branching forms and in chains, but never crossed ; 
the other is a rounded body about 1 p or less in diameter, usually oval or pear- 
shaped, and containing chromatin granules. Some occur singly, or end to end, 
in pairs or chains. V forms probably represent dividing organisms ; Y shaped 
forms are also not uncommon. They are dhBficult to distinguish in fresh blood, 
and show feeble independent movement. Wigand and Peters (1952), using 
phase-contrast microscopy, have shown that in fresh blood they are feebly 
^ The first thorough d^ription was glvren br Odriozola in 1898. 
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motile. When druHil films iirc “ shadowed " with palladium and examined by 
bright-held microscopy it is found that the orpnisins lie in depi-essiona. By 
electron inioroscopy llagclla are visible, each with diainotor of 20 millimicrons, 
in bundles, up to 10 flagella foi' each organisin. 

Noguolii regarded Bartoyidla as a bacillus and succeeded in cultivating it 
on solid media from specimens of citrated blood sent in “ cold storage ” from 
Lima to New York. The organism grows host at low temperature on blood- 
agar media. He was so successful in culture of the organisms that he recom- 
mended it in diagnosis as preferable to examining blood smears. 

Battistini’s method of culture is simple. A small drop of blood from the 
finger of the patient is withdrawn into scrum-agar, or Noguchi’s leptospira 
medium. The end is sealed in the flame and the whole placed in the incubator 
at 28° C. Colonies are visible in 5-6 days. B. hacillijormis is also readily 
cultivated in the allantoic fluid of the developing chick embryo at 25—28° C. 
The growth is rapid and abundant and the cultivated bodies are 0*0-1 -6 g in 
length. Weinman and Pinkerton { 1 938) preferred the agar slant method devised 
by Linsser for cultivation of rickettsia. The bartoiiella is an obligatory aerobe 
and Gram -negative, but stains well with Giemsa. Intravenous injections of 
cultures into Macaca monkeys produce irregular fever and extroine anannia, whilst 
the organisms can be demonstrated in the blood-coils. Intradcrnial injection into 
the supraorbital tissues gives rise to nodules resembling verruga. In excised 
nodules Bartonella survives for at least fifty-six days at 40"° 0. Noguchi succeeded 
in conveying the infection to monkeys by the bites of iic)sj&{Dermacp,ntor andersoni), 
but Townsend in 1913 conjectured that the insect vector was a sandlly (Phleboto- 
mus verruoarum), Further evidence incriminating P. nogiichii and P. verrucarum 
was obtained by Noguchi and others in 1929, and this was confirmed in 1937 by 
Pinkerton and his colleagues. Insects wore collected in a verruga district of Peru 
and sent in sealed glass tubes to New York. They were then ground up in saUne 
and the emulsion injected intradermally into monkeys. The only insects winch 
showed any evidence of containing bartonedla were phlcbotomi. 

Hertig conducted transmission experiments in the laboratory with wild- 
caught phlebotomi from endemic zones. Five monkeys bitten by sandflies 
(Phlebotomus verrucarum) became infected with B. bacilliforrms. As the result 
of extensive field studies on throe species of phlebotomus, conducted for more 
than four years at different places and altitudes in Rimac and Santa Eulalia 
Valleys, it now appears that P. verrucarum (not P. nogucMi) is the most important 
transmitter. 

Hertig has also described a curious infection of the tip of the proboscis in 
both male and fenaale Phlebotomm captured in the Peruvian verruga zone. 
From these B. bacilliformis has been recovered by culture and also an unnamed 
micro-organism of similar morphology. The proportion of sandflies so affected 
may be from 40-50 per cent. In many instances the pharynx of the sandfly 
is also infected. Since this condition has been found in. male insects which do 
not suck blood, as well as in females which have never had a blood meal, the 
possible relationship to Carrion’s disease remains obscure. 

The Neill-Mooser scrotal reaction is produced sometimes by inoculation 
of guinea-pigs with blood of Oroya fever or with cultures of B. bacilliformis* 
If present, it is well-marked on the third day. 

The disease is most prevalent from January to April, when the streams 
are in flood, the air hot, still, and moist, malaria epidemic, and insect life 
abundant. 

Pathology, — remarkable feature of this disease is the rapid and 
extreme blood destruction. In bad cases the blood-count may drop in 
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fcl^ee or four weeks to 500,000 per c.inm., the picture being that of a per- 
nicious anaemia. There is a marked polymorphonuclear leucocytosis 
with disappearance of eosinophiles. The red cells are of themegalocytic type • 

In addition to the anaemia, marked changes are present in the liver, 
spleen, and bone-marrow. In the liver, areas of degeneration and central 
necrosis are found around the hepatic veins. In the centre of the necrotio 
areas a yellow pigment resembling haemosiderin is present in abundance. 
The spleen is invariably enlarged, and also contains necrotic areas with 
pigment in the pulp, hut the Malpighian bodies themselves are not affected. 
The lymphatic glands contain large macrophage endothelial cells studded 
with rod-shaped bodies. B. haeilliformis commonly occurs in closely- 
packed masses in swollen endothelial cells, especially those of the lymphatic 
glands, spleen, liver and intestines. The lesions in the viscera are con- 
sidered by Strong to be due to toxins liberated by the parasite. The 
bone-marrow shows proliferation, necrosis, and marked phagocytosis of 
the large endothelial cells. Noguchi observed in monkeys succumbing to 
bartonella infection the same lesions as have been reco^ized in man — ^in 
the spleen and also in the lymphatic glands, endothelial cell hyperplasia 
— in the bone-marrow an increase of macrophages, and in some instances, 
normoblasts. 

Symptoms. — The inciibation period of Oroya fever is about three weeks. 
Its onset is insidious and is marked by malaise, soon followed by a rapidly 
developing pernicious anaemia and an irregular remittent pyrexia, 
associated with very severe pains in the head, joints, and long bones. 
The bone pains are probably connected with the disturbances in the 
haemopoietic system. Very often the initial fever is like that of malaria 
and may he the outcome of a superadded infection in a malarial subject. 
The most severe types resemble fulminating typhus and are known 
as the “ severe fever of Carrion.’* The liver and spleen are enlarged 
and tender. The anaemia develops with great rapidity. The death-rate 
varies from 10 to 40 per cent, of those attacked, the end coming within 
two or three weeks of the onset of the disease. A terminal delirium is 
often noted. In those cases which progress to the verruga stage, the 
fever may last three to four months. Secondary infections with SahnoneUa 
organisms often prove fatal. 

Howe has shown (1945) that immunity to this disease is rapidly acquired, 
but. bears no relationship to specific agglutinins in the blood. 

The Harvard Expedition to Peru in 1937 recognized three types of 
Carrion’s disease. 

(1) the anaemic ,* 

(2) the asymptomatic ; and 

(3) the cutaneous, reproduced by inoculation of (a) infected lymph- 

nodules, (h) human verruga tissue, (c) cultures of bartonella. 

Treatment. — Fenicillin , — ^Merino has reported favourably on two 
cases, the only ones so far published, a total of 300,000 units, in doses 
of 25,000 every three hours. The first four injections were given intra- 
venously, the others by the intramuscular route. The temperature 
dropped immediately. Payne and Urteaga have used Chloromycetin and 
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the fever subsided witliiu 4S lionrs. B. Ixwillifornik assniiied a coccoid 
form in 24 hours. Tluu'o was a marked rtiitMilocvlosis {uul a rapid 
return of the blood to uorinal. .Kikiilli ])rodue(‘d an arsoiio-aiitiinony 
compound, Sdt. 386 B which is said to liavo ii selective avtioii for 
bartonella. The therapeutic iiuh'x is very hi^di and tlw mari^in hoi.AV(Kui 
the dosi^ tolerata aiid toxira widc‘. Manriciui' rc'iiortml r('sults in i.W(dvt 3 
severe cases treated with intvavcmoiis dos<‘s of Od d) *3 grni. 7 ‘(‘])(utod t wo 
to three times. Ho succecnled in banisliinpf hartoiicdla from tho blood- 
stream and bringin^r about a vise in tin' hlood-oouiit. A total of up to 
0-7 grm. of this drug was inj(‘ctod without c<uising any systi^mic dis- 
turbance. The general ojiinion of Peruvia.u physicians is that severe 
infections are not induonccd eitlier by t his ineihod or by blood transfusion. 
An immuiio rabbit serum has be(‘n ))r()duc('d by Howa) (H)43), bnti is 
apparently inelf eciive in t.roahimmt. 

Prophylaxis. — A prophylactic inoculation with forniolizc'd suspoiisions 
of B. hacillifomis has boon introduced l)y Howui (1948) and lias resulted 
in production of partial iinninnity in so far that any siibsiKimnit attach 
of Oroya fever is modified, 

VEBEuaA Peruana Stage (Localized BAnroNEnnosis), on 
Eruptive Stage 

Definition. — A remarkable granulomatous eruption conliiied to certain 
parts of Peru, Colombia and Ecuador (Montalvan and Moral, 1940). It is 
associated with haemorrhages, fever and joint pains. The disease was 
known to Pizarro, and is described in Prescott’s “ Conquest of l^eru.” 

-Etiology. — Superficially, the lesions of verruga resomhlo those of yaws. 

Rocha Lima, Mayer, and Werner described cihlamydozoa-like cell inclusions 
in the verruga nodules and c'onsidered tlienii to bo the cause of the disease. As 
already related, Noguchi demonstrated bartonella bodies in experimentally- 
produced lesions in monkeys. This work was confirmed by Ma(‘kehenie, 
Weiss, Mayer and Kikuth, who produced nodules ia monkeys with human 
material and demonstrated bartonella bodies within angioblasts or endothelial 
cells. Yerruga is therefore a local connective -tissue infection with Bartonella 
hacilUformis. 

Strong s experiments on monkeys showed that graduated inoculation 
of verruga material inducos an artificial immunity. Verruga can be 
conveyed by inoculation to rabbits and puppies and, according to 
Townsend, occurs as a natural infection in native Anierican-Indian dogs. 

. Pathology. Primarily, the pathological changes consist in prolifera- 
tion of the endothelium of the lymphatic channels which become 
obstructed by plasma-cells and fibroblasts, but the structure is much more 
vascular than that of yaws which it otherwise resembles. The capillary 
blood-vessels become dilated, so that the granulomatous tumours are 
vascular, almost cavernous and apt to bleed profusely. A feature of the 
pathological histology is the formation around the blood-vessels of nodules 
of angioblasts characteristic of the disease. In the endothelial cells of 
cutaneous verruga nodules B. haaillijormis may be seen in considerable 
numbers, but distension of the cells is less than that seen in Oroya fever 
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cases (Jiniinez and Buddingh). Bartonella bodies may be found in the 
blood-corpuscles after prolonged search (Mayer), but in monkeys, if the 
spleen be removed, they multiply exceedingly and produce Oroya fever. 

Symptoms. — The period of incubation subsequent to Oroya fever 
is thirty to forty days, but in those cases in which the initial fever is 
absent it is at least sixty days. Although verruga is usually a sequel of 
acute bartonellosis, it may arise spontaneously and independently of 
Oroya fever. The initial stages are characterized by peculiar rheumatic- 
like pains, together with fever, the pains being apparently like those of 
yaws, only more severe. As in yaws, the constitutional symptoms 
subside on the appearance of the skin lesion. The eruption, like that of 
yaws (see p. 605), may he sparse or abundant, discrete or confluent. As in 
yaws, individual granulomata may fail to erupt ; others may subside 
rapidly ; yet others may continue to increase, and then, after remaining 
stationary for a time gradually wither, shrink, and drop off without 
leaving a scar. 

The eruption is generally described as of two types, miliary and nodular 
— the former not exceeding the size of a small pea ; the latter, the rarer, 
less numerous, but consisting of much larger nodular masses. The 
miliary eruption, as a rule, is found 
most abundantly on the face and 
extensor aspect of the extremities, 
less commonly on the trunk (Kg. 

37). A pink macule first appears, 
which later darkens and becomes 
nodular. These nodules may be 
flat or somewhat pedunculated. 

The verruga artificially produced 
in monkeys by injection of barto- 
nella bodies is bright cherry pink. 

In yaws we find no mention of 
fungating granulomata in any situ- 
ation hut in the skin. In verruga 
it seems that these vascular lesions 
may develop on mucous surfaces 
— ^in the mouth, oesophagus, 
stomach, intestine, bladder, uterus, 
and vagina. Hence the dysphagia 
— a common symptom — and 
occasional heematemesis, melaena, 
hsBinaturia and bleeding from the 
vagina. Relapses both of the fever 
and of the eruption may occur. 

In inoculated monkeys swelling 
of the lymph-glands is an early 
and constant symptom. 

The nodular eruption is more chronic than the miliary. Individual 
lesions may grow to the size of a pigeon’s egg ; they may become strangu- 
lated and a source of danger from hsemorrhage. This type does not 
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invade tlie run cons membranes and is usually confined to tlie regions of 
the knees or elbows. It appears in crops and lasts two or three inonths. 

In contrast to Oroya fever, the mortality from verruga is practically riil. 

Diagnosis. — The appearances of verruga are so characteristic that 
it is hardly likely to be mistaken for any other disease. Conceivably, it 
may resemble the framboesiform eruption of secondary yaws ; it may 
also be simulated by multiple warts, molliiscutri contagiosinri, multiple 
fatty tumours (Dercum’s disease) and, according to Strong, it is closely 
allied to, if not identical with, Bassewitz’s angio-fibroma cutis conscriptum 
contagiosum. Individual tumours may resemble fibro-sarcoma or 
angioma. The Oroya and verruga stages frequently coexist. 

Agglutination reaction.— Suspensions of B. are obtained 

on media devised by Geiinan. Sera from patients were found by Howe 
to agglutinate the organisms in titres from 1 : 10 to 1 : 80 in both tlie 
Oroya fever and verruga stages, k co -agglutination is usually found with 
cultures of Proteus OZi9, OXK and OX^, A strong agglutinating serum 
for testing cultures of B. haeilUformis has been produced by intravenous 
injection of rabbits with living cultures. 

_ Treatment. — Very little is known about the treatinerit of this con- 
dition. Small doses of salvarsan, 0*2 grni. intravenously, have been 
tried with benefit. Erom what is already known of the action of penicillin 
and Chloromycetin on bartonella these ariti-biotics are indicated. When 
individual tumours begin to ulcerate, or become gaiigreiions, they should 
be excised. Dangerous bleeding may occur, and styptics or coinpresses 
may be required to stay excessive loss of blood. 



CHAPTER XI 


THE TYPHUS GROUP OF FEVERS 

Praliminary statement. — Typhus fevers have an almost worldwide 
distribution, but do not manifest themselves as one definite entity through- 
out their range. They are divisible into a number of lo cal forms which have 
become stabilized in type. These forms, or varieties, are probably adapted 
to local conditions or in some way connected with those arthropod inter- 
mediary hosts w^hich convey the lickettsiae. The student who is interested 
in the romance of this interesting subject should consult Zinsser’s “ Rats, 
Lice and History ” (1935). 

Classical typhus should he called louse-borne “ true ” or exanthematie 
typhus ” and the local varieties be known by their descriptive pseudonyms 
— murine typhus, scrub typhus. Rocky Mountain spotted fever, Fievre 
boutonneuse, etc. 

The following primary classification somewhat clarifies the situation: 

Typhus fevers (Rickettsiasis) 


Epidemic (exanthematie) Xon-epidemic typhus 

“ Louse ” typhus | 

I . I 

Flea (murine) typhus Tick typhus Mite typhus 

Fifevre Boutonneuse. (scrub typhus) 
Bocky Mountain 
spotted fever. 

Other forms of tick typhus are South, West, and East African, Indian, 
South-East Asian, Western Siberian, Morthem Queensland. 

.Etiology of the group.— Rickettsioe are Gram-negative bacteria-like 
bodies, usually less than 0*6 /x in diameter. There are at present eight 
named species and several varieties. The organism ori^ally named 
BermacentToxenus rickettsU by Wolbach, first described by Ricketts (1910), 
and now known as Rickettsia Tickettsii, is the causal agent of Rocky 
Mountain fever. The rickettsia of louse-home typhus was named B. 
^rowazeki by da Eocha-Lima (1916) in honour of two distinguished in- 
vestigators (Ricketts and Prowazek) who both succumbed to the disease, 
and the latter of whom was the first to recognize their true natime. 
Topfer (1916) described rickettsia in lice removed from patients suffering 
from Volhynian fever (trench fever), but this is now known as B. quintana 
(B. voJhynica), Sellards (1923) distinguished the organism of tsutsugamushi 
disease in Japan as B. oTienialis (=B. Uuis^gamushi, B. nipponicci). 
The organism of flea-home typhus is B. prowazekij var. mooseri (=B. 
7mricola). The causal agent of fievre boutonneuse is sometimes known 
as B, cowrie The rickettsia of “ Q fever,” B. b^iirneti (now known as 
Ooxislla hwneitii Parker, 1949), a comparatively recent discovery by 
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Buniet and Frt^Ginaii (1935), has a wide range in AuHtmlia, Novlli Aiiii'i’ica 
and Europe, and is of iiiucli greater impori.anoo tliaii Wiis at iirsl roalizc^d. 
Eickettsialpox in N^ew York is due to i?, akari. 

Trench fever, Q fever and rickettsialpox altliongli classiliable as rickettsi- 
ases, do not strictly belong to the typhus group. 

Rickettsiae are found commonly in the alimentary tract of blood-sucking 
and non-bloodsucking insects but, probably, they were primarily parasitic 
in the cells lining the canal, as is the case with B. proirnrjeJd. For 
instance, B,. 2 )ediculi is an extracellular organism which is an inlui])ii.ant 
of the gut of the louse, is harmless to its host and also to man, rest'uil)ling 
B. qidntana which develops in the same manner and sit.iiaiion. 

The cycle of development of R, prowazeki in the louse consists primarily 
of great* multiplication in the midgut, both in the luinon as w(dl as inside 
the epithelial cells, which become distended. Aftt'r a lew days these 
rupture and rickettsiae appear in large numbers in the fie(*(‘s; this 
rickettsial invasion killing the louse in about ten days. T.h> 1 )lood of typhus 
patients is infectious for the louse from early in idu^ (lis((ase lill the 
tenth day — occasionally later, even when the patiiMit is alebrili^. The 
disease therefore is conveyed to man by louse fmci^s through abrasions in 
the skin, or even through the conjunctiva ; possibly also by inhalation. 
Louse faeces kept dry at room temperature have been proved to he infective 
for 66 days. There is no hereditary transmission, whilst louse eggs (k) not 
contain the virus. A possibility exists that “ cknm lita^ ” may themselves 
• be contaminated by the excreta of other typhus-infected lice when feeding. 

R. proioazeki, var. niooseri {B, vmricolo), is normally transmittod from 
rat to rat by the rat louse {Pohjflax f^pinulosa) and by the tropical rai 
mite Bdellonyssus {Lipooiyssns) baeoti. In these iiiscKd.s the cycle is 
similar to that already described in the louse. The spi^cies of tlca mostly 
concerned is Xempsylla eheopis, but in ihis instanci^ Irbe infection causes 
it no appreciable harm. X, ostia may also act as a vi^ctor. In the f feces 
of the flea hekettsise remain alive and virulent for long pcTiods — 40 days 
in the dark and lOO days m vac-m. Zinsser and other authorities regard 
flea typhus as the original pristine form of human typhus, but this is by 
no means certain. 

The cycle of development of riekettsioe in ticks follows on much the 
same lines, hut is much more widespread. The rickettsife invade the 
cells and their nuclei ; they are found in all tissues, including the ovaries 
of the female tick, so that the infection is transmitted hereditarily. 
Rickettsia are also found in the salivary glands so that infection is com- 
monly conveyed by the bite of the arthropod. The similarity of the clinical 
appearances of various forms of tick-borne typhus is undoubtedly close in 
widely separated geographical regions. In only one particular can they 
be said to differ — in the absence of a primary lesion in Rocky Mountain 
spotted fever and its presence in other types. 

Zinsser has pointed out the importance of the hereditary factor in 
tick-transmission as indicating a very ancient condition, producing a 
mutual tolerance, so adjusted that neither the well-being of the animal 
reservoir nor of the tick intermediary is impaired. 

The mode of transmission of the rickettsia from animals to man, or 
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from man to man, and the relationship of the yarions forms of typhus 
to one another can be expressed as follows : 


Epidemic louse-borne typhus 

Man — Louse — ^Man 

Murine Typhus . . 

Rat 1 Rat Flea ] -p . 

1 Rat Louse j 

Rat— Flea — Man. 

Rat — Flea — ^Man — Louse — ^3^fan (pos- 

Tsutsugamushi. Scrub Typhus (Mite 

sible) 

Typhus) 

Spotted Tever Types (Eocty Mountain 
Spotted Fever). “ Tick Typhus.” 

Fievre Boutonneuse. S. African ticli-bite 

?Rat or Field Mouse — ^Mite — ^Man. 

Rodents (Gopher) — Tick — Tick— Man. 

fever . . . . 

Dog — Tick — ^Tiek — ^Man. 

Q Fever 

Bandicoot— Tick — Tick — Man or by direct 
infection or through milk. 


Morphology. — In their morphology in human tissues (Wolbach and 
Todd) rickettsise appear as small bacilli or cocci, very variable in arrange- 
ment. Diploid forms and also coccoid forms in dense masses are common. 



Fig. 38 . — Rickettsia promazeki, var. ynooaeri, (‘‘Mooser cell/’) 

Tunica vaginalis of guinea-pig infected mth murine typhus from wild rats. 
Oytoplasmio nckettsioa mvading a mononuclear cell. Giemsa stain. 

Approx. X 4,000 (Anigstein and Bader. Galveston, Te^as). 

With the possible exception of B, tsutsugamvsJii they stain well by Giemsa’s 
method, and blue with Castaneda’s stain (Fig. 38). 'None of the species 
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can readily be cultivated on solid media (p. 256). Practically pare strains 
of R. pTOwazeli are obtained by intrarectal injection of lice 'with infected 
material, as practised by Weigl, but attempts to culture them from human 
tissues have so far been unsuccessful. All rickettsise grow readily on the 
chorio-allantoic membrane, or preferably in the yolk sac, of the developing 
chick embryo, whilst Gispen (1941) has shown that ducks’ eggs are highly 
suitable. The rickettsiae do not cause death of the embryo, though 
they produce big, round, prominent foci five days after inoculation and 
develop completely in 7-8 days. They grow in tissue cultures and in a 
medium of minced chicken embryo with a mixture of guinea-pig or rabbit 
serum and Tyrode solution. 

In all laboratories in which work is done with typhus rickettsiffi 
workers are liable to attack, in spite of previous inoculation, so that vaccine 
cannot completely protect against infection by the respiratory route 
that occurs in these oases, though it greatly reduces the severity of the 
attack. 

Such an outbreak has been reported in London by Van don l{Inde and others. 
Eleven cases could bo attributed to inhalation of infective droplets during 
intranasal inoculation of mice under ether anaesthesia. In the remaining cases 
dust may have been the source of infection. 

Although there is evidence that rickettsise will grow in the presence of 
non-living cells, yet they require their presence and thus resemble 
viruses rather than bacteria which can be grown on artificial media. 
With the exception of B. (Coxiella) bnrneti, pathogenic rickettsi© 
are difficult to filter through Seitz or porcelain filters. Rickettsia) can be 
grouped provisionally between the true viruses and bacteria. 

Pinkerton has pointed out that the two main forms of typhus— the 
louse-borne and the tick-borne — may be differentiated by the cellular re- 
action they produce. 

Typhus, conveyed by lice and fleas, usually during the winter months, 
is characterized by invasion of the endothelium and mesothelium by 
rickettsiae, producing distension of the cytoplasm of the host cells without 
affecting the nuclei, while in guinea-pigs it causes proliferative endangiitis 
without thrombonecrosis. In typhus-infected lice and fleas rickettsiae are 
intracytoplasmic, inhabiting the lining cells of the gut; they are not 
hereditarily transmitted. 

The spotted fever group, conveyed by ticks, is characterized by thrombo- 
necrosis of arterioles and venules. The rickettsiae in human tissues 
invade smooth muscle cells, endothelium, mesothelium and histiocytes. 
In tissue-cultures a massive infection of the nuclei takes place. In infected 
ticks the organisms are intranuclear as well as intracytoplasmic, invading 
nearly all types of tissue and they are hereditarily transmitted. These are 
suggestive distinctions. 

Differential reactions. — The NeilUMooser reaction is a distinctive 
reaction in guinea-pigs inoculated with typhus blood. A redness and 
swelling of the scrotum appears and typical typhus lesions are found in the 
scrotum in the endothelial lining of the tunica vaginalis; swollen cells 
packed with rickettsiae are seen in sections. Some strains, notably 
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R. ricJMshi, ^ivi> tJiirt rtmciiou more strongly than others ; it is also 
present in iiboiii 70 ptT coni, uf opideinic typhus in early guinea-pig 
passage and nearly always in the murine type. Eaynal and J’ournier 
have poiutod out tluit a sonuavhat similar orehitic reaction may be caused 
by Sdmoiuilla ftmUijphi /i., and also by S]>irillu7)i minus, but the reaction 
prodiiciul (H'cuirs bU.er, lasifri longm* and the scrotum is harder. 


AciOriUTINATION ItMAOnONS AS A MlilANS OF DIFFERENTIATION 

The only sorologimd test formerly available was the Weil-Felix reaction, 
using straiiiH of prt)f,<niH known ns 0X2, 0Z19 and OXE. While louse- 
and doa-borno ty[)liuR gave positive agglutination with OZ2 and 0Z19, 
mite-borne typhus roaciiul with the OXK (K for Kingsbury) strain. 
The Wiul-Fohx rtundion was by no means specific, for cases of undulant 
fever, roliipsiiig, an<l fever give a positive agglutination 

reaction, nioro es)>ecdnlly with OXK. Suspensions of Proteus OXK are 
liable, osptdally in tlu^ tropics, to become unsuitable for performing 
agglutination iosts. It should be romombered that in those inoculated 
against typhoid or paratyphoid fever the onset of typhus may cause a 
rise in.ilu) agghiiinadiou against Salmonella typhi and S. para- 

typlmivm A. aiul Ji. Diuguosis is now made by agglutination of 
rickettsial HUsponsinuH and ])y complement fixation, using rickettsise from 
the infected yolk nac of tho (levoloping chick embryo as antigen. 


1. l^MDEMIU Oil LOUSB-BOENE TYPHUS 

Syuonym I’nio oxanthomatic, historic, or classical typhus ; Tabardillo 
(Mexico), Ohronic form: DriU’s disease. 

Definition. — An acute fever, louse-borne, abrupt in onset, lasting about 
fourteen days and, if not fatal, terminating by crisis about that time. 
The pyrexia is ronuttoiit. On or about the fifth day there appears a 
roseolar eruption tending to peteehi© spreading frorn the abdomen 
over the trank and extremities. As was stressed by Zinsser and Mac- 
Arthur, this form of typhus must be considered the most important disease 
in history. 

Geographical distribution and epidemiology.— Typhus is world- 
wide. Still common in E, Poland, E.W. Soviet Eussia and Ukraine. 
(Between 1917-1923, 80,000,000 cases with 3,000,000 deaths in European 
Eussia.) India, N,W, Frontier, N. Africa, N. Nigeria, Belgian Congo, E. 
and 8. Africa, Cochin China, Central and 8. China, Korea, Manchuria, 
Sumatra, Philippines, N.B. Australia, Japan, Mexico, and Abyssinia. 
Formerly frequent in England and Ireland. (In 1942 a limited epidemic 
occurred in Galway, Eire (Stuart-Harris and others).) 

In 1932 there was a big outbreak in Uganda, especially in districts of 
over 6,000 feet altitude. Similar occurrences have been reported in the 
Himalayas and Afghanistan. 

Typhus can thus occur in tropical countries as well as in those with a 
cold climate. 
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There was a new wave in 1933 in Egypt and Chile, in 1934 in South 
Africa, in the Soviet Union, Rumania, Poland, Yugoslavia, Portugal and 
Hawaii. Typhus is most frequent in winter and spring months when 
heavy clothing affords an opportunity for licu-broeding. 

JEtiology—Bichettsia prowaseM, the speciEc organism, is convoyed by 
the louse (Pediciilns hiwiamis, var. corporis and cajjitis) ; in iho blood 
during the first five days it is filterable and infective for tuonkoys and 
guinea-pigs as the rickettsioe are present in the blood-plasma, especially in 
the blood-platelets. A development cycle of the rickettsia takes place in 
the intestinal tract of the louse (see p. 256). Infection is conveyed by the 
louse fieces, which are inoculated into scarified skin by scratching, Ldffler 
and Mooser (1942) showed that head-lice play an important part in 
transmission. 

Typhus blood was found infective for guinea-pigs and monkeys by Ricketts, 
Nicolle and Andei-son ; later Wolbach, Todd, Palfrey and Pinkerton (1920-22) 
found intracellular R. proimiehi in lice in Poland. Nicollc, Coniplo and donseil 
proved by experimenb that the chimpanzee can bo infected by hce. 

Weyer states that the meal worm — the larva of Tembno molitor — is 
susceptible to infection with B. proioaseki (also with R. mooseri and 
C. himieti) when inoculated into the cceloiuic cavity, but no change in 
virulence is produced. 

Multiplication of the rickettsise in the meal worm takes place specially 
in the non-differentiated cells, within young fat cells, whilst large numbers 
are found in the phagocytes. 

So many physicians died of typhus during the 1914-1918 war and so 
many contracted the disease that other methods of transmission than 
by lice were suggested and it is probable (as accepted in the second world 
war) that the rickettsiae may also be conveyed as a droplet infection. There 
are German reports that infection has been acquired by medical 
attendants while taking blood for the Weil-FeliK reaction, 
also been conveyed by blood transfusion when the donor happened to be 
in the incubation period of the disease. 

Pathology. — The rash is usually visible after death. There are 
conjunctival haemorrhages and, as a rule, areas of skin necrosis and 
gangrene. The blood is particularly dark and does not clot. The kidneys 
and liver show cloudy swelling. The spleen is usually moderately enlarged, 
with hyperplasia of the lymph folholes ; the substance is soft and diffluent. 
Bronchial catarrh is usually present, with hypostatic pulmonary congestion. 

The eruption is due to prohferation of the endothelium and localized 
necrosis of the walls of the smaller blood vessels, with local collections 
of lymphocytes and plasma cells in the adventitia. These are the 
“ typhus nodules ” which resemble miliary tubercles, first described 
by Praenkel and subsequently by Aschoff, Wolbach and others. They 
are characteristic, and are found in the vessels of the skin, myocardium, 
brain and viscera (Pig. 39). The essential lesion is due to phagocytosis by 
cells of the vascular endothelium, followed by necrosis of those which 
enclose rickettsise and their toxins. liesions in the brain, resembling 
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miliary tubercles, are found especially in the basal ganglia, medulla and 
cerebral cortex. 

The red marrow becomes hyperplastic and is converted into yellow 
marrow, though there is little increase n the myeloid elements. 



Fig. 39.— Typhus Hodule- Section of arteriole of skin showing attached 
mural thrombus, composed almost wholly of phagocytic endothelial 
cells, with early proliferative perivascular reaction. 

{After WolbacJi and Todd.) 


Symptoms. — It has been said that the more clinicians see of typhus the 
more varied becomes the clinical picture. The disease varies within wide 
limits. A particularly mild or larval form was originally described by 
Brill in 1898 amongst the Jewish population of New York (BrilFs disease). 
The infection was brought in by immigrants from the typhus regions of 
S.E. Europe, so that 90 per cent, of cases occurred in foreign-horn people. 
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liiK incidence in sporadic and ii is now regarded as ilie inter-opidemic form 
of epidemic, loiise-boiiie typhus. Th(^ best dosignation is probably 
“ recrudesceiit epidemic typhus.” 

The incuhation period varies between five and twenty-three days, the 
average being twelve. The period of onset lasts about two days, during 
which the patient has rigors, headaches, pains in back and limbs, nausea 
and giddiness. Vomiting is frequent. Occasionally, fulminant cases 
[typhus siderans), with general convulsions and delirium, are met. On 
the third day the teniperai.uro rises suddenly to 103^ or 104'^ k., 
the face becomes congested, with general suffusion of the eyes. The 
headache is very severe (German — Kopfuehkrankheit) and with it goes a 
peculiar stuporose, drunken look not seen in any other disease except, 



perhaps, plague. The patient is drowsy, often delirious (coma-vigil), 
usually with insomnia. 

The mouth is foul, the tongue coated with a dense brown fur, the breath 
offensive. Epis taxis is frequent in the early stages and vomiting may be 
distressing. For twelve to fourteen days the temperature remains raised with 
slight, sometimes scarcely perceptible, morning remissions (Chart 12). 
The urine is concentrated, offensive, with a cloud of albumin, urea 
and chlorides initially increased in amount. In severe cases there is often 
hsematuria. The spleen is usually enlarged and palpable. German 
observers lay great stress on the changes in the oardio-vascular system, 
especially the low systolic and diastolic blood pressures. 

The rash, so characteristic of typhus, may appear as early as the third 
day, hut more usually on the fifth or sixth, upon the abdomen, inner 
aspect of the arms, spreading over the chest, back and trunk, usually 
pleomo^hic, involving the face only in severe cases. It may be 
absent in about 10 per cent. The term ** mulberry rash ” is usually 
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employed to describe it, but it essentially consists of roseolar macules, with 
fine, irregular dusky mottling underlying the epidermis, best described in 
the words of Murchison as “ subcuticular mottling^ Usually it becomes 
petechial and may then be seen especially on the hands and soles of the feet 
(Pig. 40). 

Barely, it is bright red, instead of a minghng of copper and purple ; 
sometimes, too, it may be haemorrhagic. Papular spots are commonly 
encountered and may be circular or indefinite, but when petechial they 
may closely resemble flea bites. The rash fades very slowly and may 



Fig. 40.— Typhus rash in second week, showing typical distribution. The dark coloured 
areas are petechial ; the lighter coloured, less discrete areas disappear on pressure. 

{After WoU)ack and Todd.) 


remain visible for ten days. A fine brawny des(juamation towards the 
end of the third week has been described ; it sometimes occurs on the soles 

of the feet. ^ ij. 

In dark-skinned natives the typhus rash is necessarily very difficult 
to discern. To make the subcuticular mottling visible, a thorough 
cleansing of the skin and a good light are necessary. Congestion of 
the upper arms by a tourniquet, such as the band of a blood-pressure 
apparatus, usually renders the peteohise more easily visible. This method 
has also been practised with success in the early diagnosis of the typhus 
rash in Europeans. In natives the rash is usually more pronounced 
around the umbilicus. 
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On the appearance of the rash there are usiiallj signs of bronchitis 
and in severe cases soiiietinies icterus ; prostratiou and cardiac weakness 
become more pronounced, and with increase of the nioiital kdJiargy Ihe 
patient sinks into the “ typhus state.” The expression becomes dull and 
vacant, the face Hushed, with a peculiar earthy hue {facies typliosa). 
Cerebration is slow ; the hands and tongue are tiroinulous and the patient 
becomes more difficult to nurse. The skin at this stage sometimes emits an 
odour Avhich has been compared to that of “ gun-washings,” or that 
emanating from a cupboard containing well-blaclvened or mouldy boots. 

During the second week a low muttering deliriiiin jisiially, super venes. 
Meningism is not uncoinnion. The secretion of urine may then be 
diminished or even suppressed. Often symptoms of cortical irritation, 
such as muscular twitchings, and incontineiico of urine and hoces may 
be observed. The cere bro -spinal tluid is under pressure and there is 
usually an increase in the cell content. It is t^siimaitHl that 80 per coni, 
suffer from all degrees of deafness. Especially common are septic infections 
of the middle ear which usually appear from the sixth to eighth day 
(Mittermaier). 

In severe cases the pupils become pinpoint and the eyes “ forroiy.” 
As the fourteenth day approaches, signs of impi woim-Mit may in ; 
the temperature falls by crisis, or sometimes by rapid lysis. Death 
generally occurs on the twelfth or fourteenth day, or it may be later, 
when the temperature is subnormal, from exhaustion or cardiac failure. 
The blood picture usually shows nothing very deliuite, bat a moderate 
leucocytosis of 12,000 to 15,000 per c.mm., mostly of largo mononuclear 
cells, is not unusual. The blood is concentrated so that the huDinoglobin 
and red blood count are abnormally high. 

Amongst indigenous populations terrible complications duo to sepsis and 
neglect may ensue. Terminal bronchopneumonia is common. The patients 
become extremely emaciated. Involvement of the central nervous system is 
frequent, such as ataxia, violent tremors, mania or dementia. Hemiplegia 
or paresis of the limbs due to typhus nodules in the brain has been reported. 
Parotitis and noma are frequent. Abortion in pregnant women is common. 
Constipation rather than diarrhoea is the rule. The mouth becojnes 
very foul, with the lips and teeth covered with sordes. Bedsores are 
frequent. Thrombosis of the femoral vein is not uncommon, while gangrene 
of the extremities, especially of the toes or scrotum, due to arterial throm- 
bosis, is frequently seen in wartime epidemics. One of the most distressing 
features is gangrene of the lung as a termination of typhus broncho- 
pneumonia. Mental symptoms are among tire most important sequelee. 
Recently it has been suggested that juvenile thrombo-angiitis obliterans 
(Burger’s disease) may be due to antecedent typhus. 

Relapsing fever and typhus frequently co-exist and this superadded 
infection is serious. Mild forms of typhus, lasting some ten days, are 
frequently seen in children, but it is usually the very young, the aged and 
the ill-fed who most readily succumb. Aberrant forms of typhus fever 
without a rash may be encountered towards the end of an outbreak when 
immunity is high. 

Convalescence is usually slow and prolonged, and during this period 
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great care should be taken not to excite the heart. Snapper pointed 
out that thrombocytopenia is not infrequent in typhus and some cases, 
even after the typhus infection is over, show a typical anaphylactoid, 
sometimes even a thrombocytopenic purpura. Loss of hair on the head 
and legs is said to be common. 

The case mortality is negligible in children. It is 10-15 per cent, up to 
the age of forty, but 50 per cent, at fifty ; over that age few survive. 
Relapses of typhus have been recorded. It appears that epidemic typhus 
has become so solidly established in man that some individuals, who have 
recovered from a first attack, retain the riekettsice in their bodies and may 
develop a second many years after the first, at such time as when the 
bodily resistance is depressed. 

Immunity. — On recovery from an attack of typhus the immunity is 
complete for a considerable time, but this gradually wears off. Apparent 
or mild attacks in persons with partial immunity are believed to constitute 
an important source of infection. 

Diagnosis- — Conditions which may simulate typhus are readily differen- 
tiated by laboratory methods. As has already been noted, the rashes 
of other members of the typhus group closely simulate that of exanthe- 
matic typhus and can be distinguished with difficulty. Stress is laid on 
the rarity of rash on the face and the fact that it does not come out in 
crops. The “ tongue sign ”, first described by Okuniewski, is said to be 
very helpful in hed-side diagnosis. .The patient is unable to protrude 
the tongue when ordered to do so ; this is attributed to perivascular 
infiltration in the region of the nucleus of the hypoglossal nerve. The 
smell is characteristic of mouldy leather. 

The WeiVFelix reaction in high dilution is diagnostic, hut false positive 
reactions may occur in infective hepatitis, enteric, relapsing and undulant 
fevers. The titre of agglutination rapidly rises to 1 in 500 towards the end of 
the fever. During convalescence it remains about 1 in 50-1 in 100 for 
weeks and even months. A reliable strain of Proteus 0Z19, as from the 
Oxford Standards Laboratory, should be employed. 

Telix states that the type of title curve is generally related to the 
clinical course : (a) moderately severe cases usually show high-titre 
reactions, (b) most severe cases usually give very low titres, and (c) the 
mildest cases have either very low or very high titres. In countries, where 
typhus is endemic, the titre of normal persons may be above 1 : 100. 
Subsequent to antityphus inoculation with riekettsise of the OZ19 group 
{B, 'prowazeki and E, mooseri) agglutinins often appear, but titres are 
usually low. Tor carrying out the test, round-bottomed test-tubes, 
2 by ^ in., axe employed. Lower dilutions such as 1 : 25 and 1 : 50 should 
always be included. The tubes are incubated for two hours and are read 
after 22 hours at room temperature or, in the tropics, after the same time 
in the ice-chest. Readings with a lens at the end of two hours often assist 
in the early detection of high-titre reaction. This is often delayed and 
the maximum titre is usually reached in the third or fourth week. 

The Weil-Telix test is no longer regarded as absolutely specific and most 
workers now use agglutination or complement-fixation tests with sus- 
pensions of rickettsiee. 
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A pseudo-positive Wassennann reaction is froqiKuiily given by the 
blood before the crisis. Fever is seen in male guinea-pigs in from six to 
ten days after intraperitoneal inoculation. 

A complement-fixation reaction (Beiigtson and Topping) appears to 
be reliable and may become a routine procedure when specific antigens 
become more generally available. Bongtson sunmiarizos the results : 
of 216 sera giving a positive fixation for Eocky ^fountain fever 92-1 per 
cent, had no cross fixation for endemic typhus antigen. Amongst 114 
sera positive for endemic typhus 80 per cent, gave no cross fixation for 
Eocky Mountain fever. The long persistence of the complement-fixation 
reaction is a valuable feature as it facilitates retrospective diagnosis. 
(This statement applies to all members of the group.) 

The rickettsise may be isolated from the blood at idle height of the fever by 
inoculating 2-5 ml. intraporitoneally into jnalo guinea-pigs and sub- 
sequently demonstrating rickettsi© in the tunica vaginalis. Goar and 
Davis recently showed that South African gorbilhis {Tatera bmntsi and 
T. afra) are specially susceptible to typhus and die with heavy infection 
of the peritoneum. Exposure of these animals to X-rays definitely lowers 
their resistance. 

Shn hiojffsy for the identification of the rash has been proved particularly 
useful. Sections show the typical lesions resembling periarteritis nodosa. 
The peteohise in the skin are due to thrombosis of the smaller vessels. 

An miradermal test was introduced by Giroud (1938). The patient's 
serum is mixed with a definite quantity of rickettsise (emulsion of the 
tunica of a guinea-pig infected with the murine strain). The emulsion 
is injected into the skin on the inner surface of the thigh of a rabbit. 
Normal serum is used as a control. If the patient has, or has had typhus, 
no reaction appears, but in the controls it is marked. 

Fleck (1947) has described the presence of a substance in the urine 
with the characters of a specific antigen of typhus rickottsise. It may 
appear in the first days and in an amount sufficient to give a preoipitive 
reaction, and when injected into rabbits it gives rise to rickettsial and 
0X19 agglutinins. 

Differential diagnosis. — This has chiefly to be made from typhoid 
and is based upon the onset and course of the temperature curve and 
in the character of skin eruption. In typhus the temperature climbs 
quickly to a high level where it remains, in place of the slower escalator 
rise of typhoid fever. There is, moreover, a mild leucopenia in typhoid : 
a mild leucoeytosis in typhus. The diffuse roseolar rash of paratyphoid 
(especially paratyphoid A) may sometimes resemble that of typhus, but 
nervous signs and symptoms are less severe, and roseola of palms of hands 
and ^^oles of feet is not found in typhoid as in typhus. 

The differential diagnosis from septic rueningitis with skin eruptions 
may be difficult, and determinable only by examination of the cerebro- 
spinal fluid and by the Weil-Pelix reaction. Differential diagnosis has 
also to be made from measles, especially the malignant form, commonly 
observed in native races. In this case Koplik’s spots are of assistance ; 
pioreover, in measles the rash is brighter, its edges are definitely more 
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marked and it is more profuse on the face. In the tropics, dengue, 
especially in the initial stages, may prove difficult, but the patient is 
never so ill, nor is suffusion of the face so marked. In severe smallpox 
the initial scailatiniform rash may be confusing, bat characteristic 
smallpox lesions are seen first on the face. Cerebro-spinal fever, purpura 
and relapsing fever have to be considered ; the latter is frequently found 
in combination with typhus. 

Treatment. — Special attention must be paid to details of nursing and 
to the hygiene of the mouth. The recumbent position is essential, and 
every precaution should be taken against bedsores. It is important that 
the patient should have as much fresh air as possible. It is customary 
to give stimulants, the most favoured being port wine — about eight 
ounces in twenty-four hours being sufficient. 

Cardiac stimulants are indicated, such as tincture of digitalis, digitalin (gr. 
or digitoxin (digitaline crystallisee gr. 1/100). Strychnine gr. is also a good 
stimulant. Lumbar puncture should be employed to relieve deliriuni and other 
cerebral symptoms, for, as a rule, the cerebro-spinal fluid is under pressure. 
Plenty of fluids should be given and the diet should he as nutritions and easily 
digestible as possible. 

Chloromycetin (chloramphenicol) was isolated by Ehrlich (1947) from 
a streptomyces in the soil near Caracas, Venezuela. It is a neutral 
compound which is stable in aqueous solution at yH 2-9. In distilled 
water it is unaffected by boiling for five hours. From laboratory studies 
by Ehrlich, Smadel and Jackson (1947) it seemed probable that it might 
prove effective in rickettsial diseases. It was tried out in treatment by 
Payne, Sharp and Knaudt (1948) in an epidemic in La Paz, Bolivia, late 
in 1947, in conditions of great severity at an altitude of 14,000 feet. Four 
of the cases presented signs of probable death, whilst five were moribund. 
The mortality rate was 28 per cent. 

Chloromycetin 0*1 grm. per ml. is dissolved in propylene glycol, stored 
in rubber-capped vials containing 10 ml. Tablets for oral medication 
each contain 0-25 grm. Chloromycetin. The results following slow in- 
travenous injections were rapid. Within three hours headache and 
backache showed improvement and vision became normal. Oral dosage 
was equally effective, but required 8-12 hours longer for results to appear. 
The dosage was 1 *5 grm. daily as a single oral dose for 2-3 days. 

Dana and colleagiies (1950) treated four cases, in all of which immediate 
response to Chloromycetin was prompt and satisfactory. The dose varied 
from 3-4 grm. daily. A warning is given that diarrhcna should be regarded 
as a toxic symptom and as a sign for cessation of the drug. Sanchez (1950) 
treated fourteen patients in Mexico with Chloromycetin at the rate of 
50 mgm. per kg. body weight. They became afebrile within four days, 
and in six relapses of short duration were encountered 48 hours after the 
temperature had fallen to normal. In Abyssinia dTgiiazio and Termine 
reported good results in the treatment of ten cases with Chloromycetin. 
In order to ensure success they recommended continuing the treatment 
beyond the fall of temperature. 

Later Smadel and colleagues used this antibiotic in Mexico with good 
effect by moutL The initial dose was 40 mgm. per kg., followed bjr a daily 
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dose of 35 mgm. in divided doses, at intervals of two hours until improve- 
ment tools place. Finally a daily dose of 20 mgm. per hg. should he given 
until 14 days from the onset of typhus. 

This drug has now been found to cause, iu certain rare instances, bono 
marrow depression. Some eight cases of aplastic anjeinia have been 
reported which have ended fatally. It has to he noted that substances 
which have iu their structure a benzene ring with an attached amino- or 
nitro-group are likely to affect the bone marrow adversely, and chloram- 
phenicol has such a structure. Gill has described two cases of granulocyto- 
penia in infants treated for acute salmonella infection, one after 12-3 
grm. in twelve days and the other after 1-75 grm. in two. As this state 
develops so rapidly, any symptom suggesting affection of the blood-forming 
tissues, such as epistaxis, menorrhagia or sore throat should he a signal 
for discontinuing the drug. 

Streptomycin is also of curative vahnu Smadol has shown that it 
inhibits rickettsife of typhus and Rocky Mountain fever, bui. not those 
of mite ^typhus. Nitroacridine and ^^-auiino -benzoic acid possess a 
synergistic action when given iogether wii.h strep iiOinycin, 

Anreomycin was given by Sanchez iu Mexico to forty -iiwo patients in 
divided doses hy the month. The daily dose was 50-75 mgm, per kg. and 
treatnaent for 86 hours usually sufficed. The total duration of the fever 
averaged nine days. Nausea and vomiting often occurred, but did not 
necessitate interruption of the treatment. Those patients intolerant of 
aureomycin can be treated by chloromycetiu. Stegert (1950) has shown 
experimentally that aureomycin in high concentration possesses a pro- 
nounced rickettsiacidal and antitoxic effect. 

Prophylaxis .—The quarantine period of typhus is fifteen days. The 
main prophylactic measures consist almost exclusively iu the destruction 
of lice. The body should be shaved, including the pubes and axillae, 
the hair of the head cropped and a eresol bath taken. 

^ A great advance has been made by the use of the insecticide, dichlor- 
diphenyl trichlorethane (DDT), which is the active ingredient of louse 
powder, (For further details, see p. 865.) 

Prophylactic inoculation. — Several methods of active immunization 
against louse-borne typhus are in use in various parts of the world (see 
p, 256). ^ ^ 


II. MUEINB TYPHUS-FLEA TYPHUS 
Synonym. Endemic typhus. 

Geographical distribution and epidemiology.— This is worldwide, 
especially in Mexico, North America, India and Palestine. Typhus- 
i^ected rats have been found in the Mediterranean basin, Syria, Greece, 
ioulon, Malaya, Northand West Afrioaand the Belgian Congo. The seasonal 
incidence remains constant ; the majority of oases occur in summer and 
autumn. The incidence is twice as high in males as in females and the 
negro IS less susceptible than the European. In Vest Africa this form 
has been found not uncommonly where it had not previously been 
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saspected, both in ports and in inland districts. The urban, or shop, 
typhus of Malaya (Lewthwaite) and India (Eice), ‘which in both places 
is local in distribution, is also murine typhus. Murine typhus caused 
5,338 cases in the Southern United States in 1944. 

iEtiology. — Nicolle in Tunis and Zinsser in America took the view 
that murine typhus is the more primitive disease. It is clear that it 
is not spread from man to man, but from rat to man, the brown rat, Batins 
norvegicus, being mainly concerned in temperate climates. They" think, that 
the infection may overflow to man, generally producing isolated cases without 
further man-to-man spread. According to an evolutionary point of view, 
this infection has undergone two mutations, by changing both its vertebrate 
and invertebrate host. In Mexico a type of typhus exists in rodents and 
man which may be regarded as intermediate between the murine and louse- 
borne types. It is also true that many species of rickettsia are unstable. 
The more recent origin of epidemic typhus is indicated by the fact that E. 
'protoazeki var. niooseri is harmless to the flea, while E. prowazeki causes 
death of the louse, to which it may be regarded as less adapted. It there- 
fore appears probable that the endemic form may be easily converted into 
the epidemic, and that typhus infection may be maintained in the inter- 
epidemic period by rats. Thus, Raynal, Fournier and Velliot (1939) have 
adduced evidence in Shanghai that, under certain conditions, the rat 
rickettsia can be converted from the rat-flea-rat cycle into the man-louse- 
man cycle. The armadillo and the field rat in S. America are susceptible 
to murine typhus (Varela and Mazzotti). ^ ^ 

Weyer has shown that the mouse flea, Leptopsylla segniSy is susceptible 
to E. mooseri. Intracellular strains of rickettsia, virulent for mice, some- 
times become extracellular and non-virulent after transfer through the 
flea and further passage through lice. ^ 

Jadin has shown that the red fever of the Congo is endemic typhus and 
has isolated an orchitio strain from the brains of rats in Coquilhatville on the 
equator. The disease has a negligible death rate and the rash may be 
absent in 50 per cent. 

On epidemiological grounds the association of endemic t:^hus with rats and 
grain stores was first suggested by Hone (1922) in Australia and sub^quently 
by Mascy (1926) in America ; in 1931 proof was provided by Mooser, Dyer and 
his colleagues that the rat was the reservoir, and that rat fleas (Kenopsym 
cheopis and Y. a^tia) were carriers of the vims. Under normal conditions the 
infection is spread from rat to rat by the rat-louse {Polyplax spinulom). Kats 
(jR. norvegicus) collected from areas where numerous cases of endemic had 

occurred, were chloroformed, then the fleas collected, emulsified and ejected 
intraperitoneally into guinea-pigs. After four days’ incubation period these 
reacted with fever and swelling of the testes (N’eill-Mooser reaction). . . ^ 

In the same year Mooser, Castaneda and Zinsser in Mexico demonstrated 
endemic typhus virus by injecting guinea-pigs with a bram emulsion ot rats 
caught in the endemic area. Dyer and Ms colleagues then demonstrated that 
'X. cheopis became infected when fed upon infected rats and could convey 

typhus to other rats. ^ j • 

JRickettsice of Murine Typhus in iftte.— Trombiculid mites, SchongasUa imlica 
hive 1)6611 founii naturally infected with murine typlms. The mitM were taken 
from house rats {B, rattw diardi) and se\per rats {R. nomgwus). Emulsions oj 
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the mites wore given intraperitoiioally to mice which died in ten days. In 
^guinea-pigs the strain had the microscopical characteristics of K. fuooseri (Gispen, 
1950). 

Zinsser showed that the louse -borne, or human rickcttsia and the rat rickettsia 
are two varieties of the same species, resembling each other in their antigenic 
properties, but not identical. iNTeither he nor Mooser could perrmnently transform 
the human virus into the rat virus. Thus, Zinsser and Castaneda found that 
formalin-killed murine typhus rickettsise conferred a higher degree of immunity 
against a homologous virus than against louse-borne typhus. The natural 
infection of a cat in a typhus hospital has been reported from Mexico, 

* General considerations. — It may well be asked why does not endemic 
typhus spread like plague, considering the close connection between rat 
and man ? The answer is partly that Z. cheojpis in endemic typhus is 
not nearly so heavily infected as fleas in plague, or as lice in epidemic 
typhus. The difference in the vectors of epidemic and endemic typhus 
also accounts for the fact that the former is a disease of the winter 
months and of crowded insanitary peoples, whereas endemic typhus 
is a disease of warm weather, not associated with crowded humanity, 
but with the presence of rats. Other forms of typhus resembling murine 
typhus have been described from Australia, North and South Africa, 
whilst ship-fever of Toulon {fievre nautique) is a local form ; other varieties 
may be those forms of trench fever with a rash, and also the urban (W) 
form of tropical typhus described by Fletcher and his colleagues in Malaya 
with a tendency to spread amongst those engaged in handling grain. 

Zinsser (1984) and^PIotz (1943) thought that the disease described by 
Brill is recrudescence or relapse of epidemic typhus, but that endemic 
typhus in the Southern United States and Mexico is murine typhus. In the 
former the reservoir of the virus is man. These views have received 
support from the new complement-fixation technique with rickettsial 
antigens. 


Symptoms.-— The ^ symptoms resemble those of epidemic typhus, 
put are much milder in every respect. The mortality rate is very small 
(about 1-5 per cent). 

Diagnosis and differential diagnosis are identical, bat Bengtson 
and iopping m America showed that the agglutination test with rickettsial 
raspensions should clearly differentiate between murine typhus and 
itooky Mounto fever. Complement fixation is more important than 
agglutination (Bmdlay and Elmes) {see p. 230). 

Treatment with Chloromycetin has been successful. TerraiuYciu is 
effective. Aureomycin, 800 mgm. per kg. every three hours, is equally 


Prophylaxis. ^Eeports from U.S.A. indicate that the incidence of 
murme typhus has been much reduced by applying 10 per cent. DDT to 
rat rum, bmows, and harbourages. Wiley has shown that a very oon- 
+V. ^ ^ human cases could be recorded in dusted areas and 

that the numbers of X. ekeopis had greatly diminished. 
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III. MITE TYPHUS— SCRUB TYPHUS 

Synonyms. — Tsutsugamushi ; Tropical typhus ; Shimamushi ; 
Japanese river fever ; Kedani mite disease ; “ K form.” 

Definition. — A typhus disease mth a high case-mortality rate, 
characterized by the presence on the skin of an initial eschar, supervening 
on the bite of a species of microtrombidium (the larval stage of Tromhicula 
— a “ velvet mite ”). This is followed by an ulcer, lymphangitis, and a 
typhus -like rash. 

Geographical distribution.— In Japan the disease is limited to 
areas near the banks of rivers on the west side of the main island and 
endemic in the Niigata province from May to October. The main rivers 
are Omono, Minase, Inaba, Mogami, SMnano, Aka and Nonuma. In 
Formosa and in the main island it is widely distributed, not only near river 
banks, but in cultivated fields, foothills and mountains (up to 6,500 ft.). 
The peak period is July to October. In the Pescadores Islands the 
houses are surrounded by the endemic area and all the inhabitants are 
exposed to infection. The disease is not contracted in the fields. The 
peak period is April to November. In Borneo fatal cases have been 
reported in Brunei. In New Guinea the disease is widespread in New 
Britain and Papua. In Queensland it is known as Mosman, scrub or 
coastal fever and occurs in the eastern coastal area between Cooktown 
and Ingham. In Java cases are reported from Bandoeng : in Sumatra, 
in workers on tobacco estates in the north. In Malaya it is known to 
occur in Selangor, Pahang, Perak, Kedah and Ne^i-Sembilan. ^ In 
French Indo-China it occurs in five divisions — Cambodia, Cochin-China, 
Annam, Laos and Tonking; in Burma— in Lower Burma, Rangoon, Syriam, 
Henzada, Prome, Toungoo, Bassein ; also in Upper Burma. It also occurs 
in Siam, S. China, Java; in India, probably in the Simla Hills, Madras and 
Bombay. In Ceylon a few cases have been reported from the south-east 
part of the island. 

Epidemiology. — The patchiness in distribution of trombiculid mites 
has been much commented upon. Mites seem to be hmited to certain 
areas, particularly to tracts that were once under cultivation and are 
relapsing again into jungle. So accurately can this “ typhus country ” 
be defined that risk of infection can be foreseen fairly accurately from 
aerial photographs. Another striking feature is the wide variation, not 
only in infection rate, but also in mortality. There is no evidence of any 
difference in the virulence of local strains of R. tsutsugcL7}iuslii, but consider- 
able variation in the number of rickettsise that can be recovered from local 
trombiculids {Tronlicula deliensis). The areas of greatest infectivity are 
on the mainland of New Guinea where mite-rat-mite passage is most easily 
effected. This was seen in South Bat Island (Lat. 2^^ 50' S., long. IdG"" 
14' E.), in the Purdy Group, which is uninhabited except by pigs, flying 
foxes and a saturated population of rats infested with mites (T . deliensis) 
and jR. tsutsugamushi. Thereon 26, of a total of 41, sailors and soldiers in 
1944 contracted scrub typhus within 46 days and 2 died. In Upper Burma 
the peak of the disease roughly corresponds with the beginning and end 
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of the monsoon, when T. deUeiisis is most abundant, hut it may be acquired 
in any month of the year. The main factors are exposure to mi to infestation 
together with fluctuation of the mite population. An infected silo remains 
hazardous for at least one year. Transovarian transmission of B. 
isuis'iiga7imshi has been demonstrated to explain this feature. Tlie mite 
is regarded as the vector as wall as the n^^arvoir of the infection .Tu this 
area the Yunnan buff-breasted rat {JRattns JlavipecPus y^in7^nnensis] and the 
Assamese tree-shrew (Tupaia belmigeri versiim) were the only aiiitnals 
found naturally infected with R. tsuts-ugmiushi (Maclcie). In Now Guinea 
and adjoining islands the types of infected localities were (1) open kuuai- 
grass land, (2) abandoned banana and coconut gardens, (3) sparse, coarse 
growth of native vegetation, (4) areas on the edge of virgin forosi.s. 

The risk of contracting scrub typhus is great in tlu^ fringe of forest 
clearings in Malaya where the ihito vectors are most common. Thus 
rnb])er plantaidons, overgrown by wetnls, clearinl jungle and abandoued 
vegetable gardens are dangerous. In these localildes riclvcdtsi^e are found 
in pools of T. deliensis and T. almnimhi collectcNl from the jungl(‘ rats— 
Battus ratUis argentiventer (Andy). 

It is necessary to note that tiiese larval mites do not digest l)lood, but 
only lymph and tissue fluids and they do not remain a(,tacliod to their 
animal hosts for more than 3-4 days. The chief reservoirs of rickottsiai 
are the mites themselves. The vortobrate hosts serve only as transitory 
reservoirs (Philip). 

Outside the endemic area it has been shown by Noury that the !Moroccau 
rodent— Me?’'w?2e5 shaivi—k susceptible to intraperitoniuil iunoculation 
with R. tsiUsugainusUi. 

i®tiology.— -The organism of “ scrub typhus ’’ is known as Bickettsia 
hutsugawnshi (orientalis). This organism is conveyed by the bite of an 
acarus (locally known as akamushi^—ilie red insect)', which is f,ho larva of 

velvet mites/’ either Troinhicida akanivshi (0-9 mm. in length) or 1\ 
deliensis. The adult stage is nou-parasitic. This larva is popularly 
known as the kedani mite or “ patau ” (Pigs. 327-328, p. 1010), the 
Japanese have always regarded it as the vector of this fever. (This mite 
somewhat resembles the harvest mite — the larva of T. o/utuMfialis — and 
was formerly and incorrectly known as Microtrombidmni or Leptotrom- 
bicula cLkcijHushi.) In Sumatra and Malaya, however, the vectors are 
larvae of Trofnbicula delieusis and T. scMlflnevi respectively, which infest 
the undergrowth and long grass (“ lalang ”) in clearings of the forest and 
there they are probably distributed by the crow pheasant {Cmtropus 
bengalensis jctvanicus) . T. deliensis is pale ochre in colour: T. dkamiislii 
bright vermilion. It was thought, though not proved, that wild rats 
(R, TO/ttus diQ>rdi)j the rural rat [JR. redtus j(ilove%sis) and the house rat 
(B. concolor) could act as reservoirs of infection (Lewthwaite and 
Savoor, 1987). The larval trombicula occurs numerously on the ears 
of the field vole [Microtus viontebelloi) and other rodents— jerdoni, 
B. rattiis refuseem, R. decumanus and B. agrarius. In Korea 'and 
Pormosa it is disseminated by a small warbler {Acrocephedus stentoTius 
or%entalis), domestic fowls, the pheasant {Phasimus colchicus Jormosanics) 



SCRUB TYPHUS: AETIOLOGY 


237 


and a quail {Tuniix javanica atYiijularis). In the Mandated Territory of 
New Guinea, Gunther (1939) has always regarded T. minor the probable 
vector, its principal hosts being the rat or bandicoot {Ecliymijpem cockerelU), 
bush pig, fowl, turkey, cassuary and ground pigeon. In Papua the vector is 
probably T, Jiirsti or T.fletclieri (65-7 per cent, of mites on rats and bandi- 
coots in New Guinea were found to be T. fletcheri from which R. tsntsu' 
gamiLshi was recovered). 

The rickettsise have been found in the body-cavity of the adult mite, Tromhicula 
akamushi, and in the salivary glands of the infective larval stage, but are now 
known to persist from one generation to the next — about 30 days. The infection 
may originally be contracted by the adult trombicula and thereby may be 
transmitted to the larva. The larval Tromhicula requires one single meal of 
blood to complete its development. It attaches itself to vegetation, such as 
lalang grass or scrub, along the course of rivers. {B. tsutsugamushi remain viable in 
lice for about seven days, but cannot be conveyed, but in the flea, X. cheopis, 
it persists for eleven days so that the infection can be transmitted, under experi- 
mental conditions, by this ectoparasite.) 

It is not possible at present to be precise in the classification of these larval 
mites. Entomologists who have studied this question are doubtful whether all 
criteria for differentiation are entirely trustworthy. 

B, tsutsugamushi occurs in the blood in the incubation period of the disease. 
Monkeys can be easily infected with as small a quantity as 0-001 ml. The 
organisms are destroyed by heating at 55° C. for ten minutes. 

Aiiigstein’s claims to have cultivated the organism in broth have not 
been substantiated, but it may be maintained on yolk-sac embryo as 
well as in tissue culture made from the endothelium of Descemet’s mem- 
brane of the rabbit eye with additions of normal aqueous humour and 
rabbit plasma. 

Nagayo and others succeeded in transmitting the rickettsiae by intra- 
ocular inoculation in guinea-pigs, also by intratesticular injection in 
rabbits, in which they produce a characteristic reaction. Cross immunity 
experiments have shown that no immunity exists between B. tsutsugainushi 
and B. prowazeki and that therefore these two members of the typhus 
group are distinct. 

The literature of scrub typhus which has been extensively studied by 
British and American commissions during the recent war in the Far East 
is very extensive and it is difficult to summarize all their observations. 

Pathology. — The lesion at the site of the infective mite bite undergoes 
coagulation necrosis and affects the epidermis, corium and surrounding 
tissues and is well delineated by a boundary line. This forms the eschar, 
or ulcer, which is usually, though not invariably, present. The spleen is 
enlarged, with tense capsule, soft, friable pulp, and focal necrosis ; similar 
lesions are found in the enlarged and congested liver. The kidneys 
show pale swelling of cortex and a narrow zone of congestion. ^ The lungs 
are congested; hypostatic bronchopneumonia is frequent, with pleural 
effusions. There is a general lymphadenitis ; glands in the vicinity of the 
initial lesion are specially affected and may show central necrotic lesions. 
There is usually an effusion of clear fluid in the tunica vaginalis. There 
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is generalized oedema of varying degree and hneniorrhages into the body 
tissues. 

Kouwenaar found that histologically the “ typhus nodules ” differ from 
those of the louse-borne form in that the chief cliange is the perivascular 
infiltration and that the intima of the blood vessels is secondarily involved. 

Hicks considers the main changes are proliferation of the reticulo- 
endotheliuin and inhltration of the interstitial tissue with largo numbers 
of mononuclear cells. This process is most conspicuous in the heart and 
lungs, but also pronounced in the spleen, where angiitis is most prominent. 
The capillary endolheliuin throughout ihe body is swollen. Most 
of the lymphoid tissue of the spleen is replaced by this coll infiltration. 
The small vessels of the brain are shadowed hy round cells and frequently 
small h®morrliagos arc seen in the pons and mid-brain. According to 
McGovern the intima of the coronary vessels of the heart is especially 
affected and collections of round cells are found in the vam vasorvm. 

Symptoms.— The person attacked by the mite does not usually notice 
the bite, but later feels a pricking scmsation when he happens to toncli 
ihe spot. Generally it crawls up and bites at first obstruction at bend of 
elbows. The mite, or initiOS, can easily be seen through a strong magnify- 
ing glass, with their heads and bodies buried in the skin, but only when 
they are carriers of the disease do any definite pathological changes 
take place round the lesions they inflict. After an incubation period of 
from four to ten days or longer, the disease begins with severe frontal 
and temporal headache, anorexia, chills alternating with flushes of heat. 
Presently the patient becomes conscious of pain and tendorness in the 
lymphatic glands of the groin, armpit, or neck. On inspection of the skin 
of the corresponding lymphatic area there is sometimes discovered — 
usually about the genitals or armpits— a small (2-4 mm.), round, dark, 
tough, firmly adherent eschar with necrotic centre surrounded by a painless 
livid red areola of superficial congestion. This is the initial ulcer. Some- 
times it may be merely a papule, which develops and disappears dtiring the 
incubation period and therefore is seldom visible. Lewthwaite makes a 
point that an ulcer is not by any means invariable. Occasionally two or 
three such eschars are discovered. Although a line of tenderness may be 
traced from the sore to the swollen, hard, and sensitive glands, no well- 
defined cord of lymphangitis can he made out. The superficial lymphatic 
glands of the rest of the body, especially those on the side opposite to the 
glands primarily affected, are also, but more slightly, enlarged. 

Clinical observers in Burma describe adenopathy as present in 90 per 
cent. The glands are most noticeably palpable in the posterior triangles 
of the neck. In a few cases this is so pronounced as to give a bull-neck 
appearance. The enlargement of the posterior occipital glands may be 
the cause of occipital pain in association with neck rigidity. 

Fever of a continued type now sets in, the thermometer mounting in 
the course of five or six days to 104® or 106® F, reaching its maximum at 
the 48 hours. The conjunctivse become injected ; the eyes are half-closed, 
watery and faintly glistening. Photophobia is invariable. At the same 
time, a considerable bronchitis gives rise to harassing cough. The pulse 



SCRUB TYPHUS: SYMPTOMS 


239 


is full and strong, ranging rather low — SO to 100 — ^for the degree of fever 
present. The spleen is moderately but distinctly enlarged, and there is 
marked constipation. 

About the sixth or seventh day the eruption of large dark-red papules 
appears. It is usually maculopapular, sometimes papular or macular. 
It lasts 3-4 days, mainly on the trunk, upper arms and thighs. It some- 
times extends to the face, hands and feet. 

Daring the height of the fever the patient is flushed and at night may 
be delirious. He complains incessantly, probably on account of a general 
hyperaesthesia of skin and muscles. Deafness is also a constant feature. 

As the disease advances, the symptoms become more urgent ; the 
conjunctivitis is intensified, the cough becomes incessant, the tongue 
dries, the hps crack and bleed, and there may be from time to time profuse 
perspiration. By the end of the second week— sooner or later according 
to the severity of the case — the fever begins to remit by lysis, the tongue 
to clean and, after a few days, temperature falls to normal and the patient 
speedily convalesces. There is a well-marked leucopenia. When the 
leucocytes are increased some extraneous infection may be suspected. 
The red cells are normal, but there is a decrease in the coagulability of 
the blood. Bronchitis, diarrhoea, or diuresis may occur during the decline 
of the fever. The circular, sharp-edged, deep ulcer left after the separation 
of the primary eschar — ^usually during the second week — ^now begins to 
heal, and the enlargement of the glands gradually to subside. The urine 
is albuminous and gives the diazo-reaction. 

Such is the course of a moderately severe case. In some instances, 
however, the constitutional disturbance is very slight, although the 
primary eschar may be well marked and perhaps extensive. On the 
other hand, the fever may be much more violent, and complications, 
such as parotitis, melsena, coma, mania, cardiac failure, or oedema of the 
lungs may end in death. Similarly, the duration of the disease varies 
according to severity from one to four weeks, three weeks being about the 
average. Relapses do not occur. Menon and Ibbotson, in a clinical 
study of 100 cases in Burma, noted early sore throat in 66, eschar in 56 
(2 and 3 eschars noted), conjunctival injection in 82, fllushing of face in 65, 
lymphadenitis in 98, rash in 64, mental changes in 50 — apathy and con- 
fusion, delirium of the “ typhoid ” state — diffuse bronchitis in 50. Cyanosis 
and hiccup are danger signals. Neck nudity sometimes met is not 
associated with any change in the cerehro-spinal fluid. Bronchopneumonia 
or lobar pneumonia are terminal complications. 

Dame (1946) found eye sequelae in 98 per cent., especially subjective 
retinal findings consisting of enlargement of blind spots, contraction of 
visual fields, and scotomata. Minor non-specific involvement of the 
cochlear system of the ear was found in only 11 per cent, during 
convalescence. 

It has been stated that many persons bitten by infected mites complain 
of headache, oppression, general malaise and numbness at the site of the 
bite. These may subside in two or three days and may be caused by the 
secretions of the mite, but not by B. Uutswgaiimshi, 

This view has gained some support from the fact that such phenomena 
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have been evolved by injeciingan emulsion of freshly-macerated T. akamusU. 
Emulsions made with infected mites usually produce local necrosis. 

Pregnant women contracting scrub typhus mostly abort and die. 

According to Hatori, reinfection may occur. 

The death-rate in Japan is high— from 25-30 per cent.— hut much lower 
in Sumatra (0-15 per cent.). In Burma and Now Guinea the mortality 
in British and American troops was from 10-15 per cent. In peace times 
the mortality varies from 0-6-35 per cent. (Philip). 

Diagnosis.— The Weil-Felix reaction has proved of great value in 
diagnosis (see p. 223) . The serum does not agglutinate suspensions of 0X19, 
or OX% bat only OXK (Kingsbury strain) and this appears to bo quite 
clear and definite. The main type of antigen is therefore OZX. Filtrates 
of OXK have been employed for an intradermal tost (Kuroda). A positive 
reaction is said to supervene within a period of two hours, during the first 
few days of the illness only, but a negative reaction ensues after the sixth 
or seventh day. 

United States medical authorities report that li. Uutsuxjminshi is readily 
isolated in the early stages by grinding up blood clot with normal saline 
and centrifuging at low speed ; 0*3 ml. of the supernatant fluid is 
inoculated intraperitoneally into mice. Death occurs 10-16 days later, 
when rickettsiae are demonstrated in peritoneal smears. Blake, Maxey 
and colleagues have found the Syrian hamster most suitable for passage 
of rickettsiae after intraperitoneal inoculation. Wecld (1945) regards the 
speckling of the lymphocytes with azurophilic granules as diagnostic ; 
the maximum counts are obtained during convaloscence. 

The limited geographical distribution, together with the initial necrotic 
ulcer and lymphadenitis, suggest the diagnosis. Plague and tularemia 
may possibly be considered, but even if primary vesicles or ulcers occur 
in these diseases, the matting together and exquisite tenderness of the 
lymphatic glands should be suggestive. 

The differentiation of measles and dengue may also have to he considered 

Treatment. — On account of the helplessness of these patients and their 
inability to feed themselves expert mirsing is vital. Nasal feeding is 
necessary in very severe cases (Willcox). The site of the bite should be 
treated by cauterization or extirpation. Common salt, 6~8 grm., should 
be given freely. 

Lumbar puncture and drawing off fluid under pressure has had good results. 
As oedema is caused by fluid retention, regulation of fluid balance is important. 
Diuresis is usually noted about the fourteenth day. An adequate diet of 2,400 
calories and lOO grm. of first- class protein is essential. Hiccups respond to 
CO 2 inhalations and oxygen, which is also necessary for cyanosis. As malaria 
is a common complication, atebrin in suppressive doses is advisable. 

Chloromycetin (chloramphenicol) (see p. 231). — The action of this drug 
has been investigated in Malaya l3y Smadel, Lewthwaite and Savoor. 
Twenty-five patients were treated (1948) with twelve as controls. 

Among those treated none has died and no Complications have devel- 
oped. The duration of the fever after the first dose averaged 31 hours 
and the whole febrile period 7*5 days. At first, the same large doses were 
given as in louse-bome typhus, but gradually dosage was reduced till 
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only 6 grm. was administered in 24 hours to the last seven patients, and 
the results were equally good. More recent reports by Smadel, Woodward 
and Lewthwaite in 69 cases corroborate the view that this drug exerts a 
powerful rickettsiastatic e:ffect in nearly every ease. The occurrence of 
relapses amongst patients who have received a course of treatment during 
the period of exposure to infection is probably due to the wearing off of 
the rickettsiastatic effect before the immunizing mechanism has become 
adequate to suppress those rickettsiae which have survived. The leuco- 
penia w'hich is frequently encountered is to be ascribed to the action of 
the drug. 

Aureomycin is probably equally effective, whilst terramycin in experi- 
mental infections is more active than either of the two antibiotics mentioned 
above. 

Prophylaxis. — Dibutyl phthalate is lethal to mites, which are killed 
when walking on impregnated cloth. Two oimces of dihutyl fJiihalate 
(DBP) suffices to treat two sets of tropical uniform (Mouse, trousers, 
underclothes, socks, etc.). Each' man is issued with the fluid, which he 
smears on to his garments. The fingers are dipped into the fluid, the 
hands are then rubbed lightly together over the cloth, which is thus 
smeared with DBP. Experience indicates how many smears are needed 
to cover each garment efficiently, i.e., six smears per sock, thirty for 
trousers, etc. DBP resists up to eight washes in cold water, wading 
through rivers, heavy rain, etc. As a repellent, 5 per cent, emulsion of 
DBP in 2 per cent, soap emulsion is effective. Other prophylactic 
measures in endemic areas consist of cutting or burning the long kunai 
grass, or lalang ”, as it is known in Malaya and subsequently spraying 
with oil. The local rats which act as vectors of the mites must be destroyed 
as much as possible and prevented from entering dwellings. (Por prophy- 
lactic inoculation, m p. 255.) Snyder and Morton advocate a mixture of 
equal parts of benzyl benzoate and dihutylphthalate as most effective and 
more persistent than benzyl benzoate alone. 

The spraying of dangerous areas with crude oil and the smearing of the 
legs of estate labourers with the same oil and the use of EEC (gammexane) 
dust at the rate of 1 lb. per acre are advocated. 

Chemoprophylaxis . — Smadel has advocated the use of Chloromycetin as a 
prophylactic by giving 1*0 grm. daily by the mouth to volunteers. The 
drug was given during the days of exposure to risk and for 13 subsequent 
days. Between the twelfth and twenty-sixth days after first exposure 
71 per cent, of untreated controls were attacked by scrub typhus. It 
was shown that in the treated group the disease was suppressed till at 
least eight days after the cessation of treatment. 

The only significant difference between the attacks in these two groups 
was that no eschars occurred amongst the treated. 

IV. TICK TYPHUS— ROCKY MOUNTAIN SPOTTED EEYEE 

Synonyms. Eocky Mountain Fever ; Black Fever; Blue Disease, 

Definition. — A specific fever supervening on the bite of ticks — Derma- 
centoT andersoni and D. variabilis — and resembling, symptomatically, 
louse-borne typhus. Other species of tick have also been incriminated. 
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Geographical distribution and epidemiology.— First doseribed in 
181)6, it was originally thought to be confined to soveral of the Western 
States of the American Union : Idaho, Montana (Bitterroot Valley), 
Wyoming, Utah, Nevada, Oregon, Colorado, New Mexico and Washington 
States. It is now known to be divisible into two varieties, eastern and 
western. On the whole, the latter is thought to be the more deadly. The 
eastern form is gradually spreading and has been reported from 32 States, 
as well as from E, British Columbia, Alberta and Saskatchewan, the only 
U.S. States not infected being Maine, New Hampshire, Vermont, Con- 
necticnt, Wisconsin, Rhode Island, Michigan and Kansas. 

Principally found in valleys and near the foothills of the mountains, it 
occurs in sharply-defined and limited areas. A new South American focus 
in Colombia was originally discovered by Patino -Oamargo (1935) on the 
Tobia river, a tributary of the Rio Negro, in a narrow valley of the Mag- 
dalena basin at an altitude from 2,300 to 4,100 feet, and a second, somewhat 
to the north-west, on the Villeia at 1,650-4,300 feet. The high death 
rate (95 per cent.) and the susceptibility of laboratory animals to inocula- 
tion made it probable that the rickettsia is identical with R. richeitsii. 
The tick vectors appear to be Amhlyomma cajennense and Dennacentor 
niiens. The possibility of the identity with the tick-typhns of Sao Paulo 
(Brazil) has also to he considered, and it is closely related to fievre bon- 
tonneuse. (Cf. evidence of Anigstein and Bader, infra.) 

In the north-western regions of the United States the vector is Der- 
macenior andersoni which is prevalent' from the middle of March to the 
middle of June, and in that region the majority of cases occur in April, 
May and June, occasionally in July and September. In eastern States 
the vector is D. mnahilis which appears in March and December; most 
of the cases are reported in June, July and August. The infection con- 
veyed by these ticks is therefore more common m women and children 
because dogs bring ticks into the houses. 

It has become apparent that spotted fever is more widely distributed in 
America than was formerly considered probable, and that two principal 
types of the group in the Western Hemisphere can be distinguished — one 
transmitted by ticks of the genus Derrnacenior, the other by Amhlyomma; 
the latter covers the greater portion of Texas and a large part of South 
America. 

^Etiology. — The organism is now known as Rickettsia rickettsiL There 
is conclusive evidence that B. rickettsU is introduced by the bite of the 
tick; only the adult normally attacks man {see p. 1015). Doctors are 
very susceptible, as is shown by the number of investigators who have 
perished from this infection. (Thus the late B. Brumpt became 
accidentally infected in his Paris laboratory, but recovered.) 

The natural hosts of the wood tick, JO. anderaoniy are the Rooky Mountain 
goat, sheep, black bear, coyote, badger and lynx, but the larval stages develop 
principally on ground squirrels (Citellus columbiarma) and the woodohnck 
(Mamota fiaviventria). According to Bishopp and Smith, the immature stages 
of the dog tick (i>. variahilia), are foxmd on the meadow mouse (Microtus 
pennsylvaniaia). The disease tends to occur in the spring months when these 
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ticks abound. These facts naturally gave rise to the idea that the animals 
acted as reservoirs of the disease. 

The larva, nymph, adult male and female ticks have been proved 
efficient intermediaries for the parasite, whilst Dyer and others showed 
that the rickettsiae are transmitted through the egg to the larva in a here- 
ditary maimer. 

The proportion of infected ticks under natural conditions is quite small — only 
1 in 296 in Ricketts’ experience. He originally suggested from differences in 
the case mortality (in Montana 90 per cent. : in Idaho 5 per cent.) that two 
species of tick were capable of transmitting infection — B. andersoni and D. 
variabilu — and the suggestion proved correct. After feeding on infected blood 
there is a period of invasion which lasts 12 days, during which a multiplication 
of rickettsise takes place and they are converted into what is known as “ tide virus.'* 

The original suggestion by Eicketts that the reservoir of the rickettsia of 
this deadly disease was to be found in the ground squirrel, chipmunk and 










Fig. 41. — Photomicrographs of Rickettsia rickeitsiu x 2,000. 
(Dr. A. C. Colts.) 


Rocky Mountain goat has not been confirmed. The recent work of Parker 
and colleagues, in Oklahoma, and of Anigstein and Bader in Texas (1948) 
afford grounds for believing that spotted fever intergrades between the 
South American form on the one hand and fievre houtonneiise on the other. 
In an outbreak in Oklahoma the typhus infection was transmitted by 
nymphs of Arnhlyoniim americanum. In infected guinea-pigs the 
rickettsiae were identical with R. rickettsii. The natural reservoir in this 
case was for the first time proved to be a rodent, the pocket gopher, 
{Geomys hreviceps dutdien). In Texas, evidence pointed to the dog as the 
natural reservoir, to the dog tick {Rhipiceplidlus sangiimeus) as the 
vector, as well as A. americanum and probably also A. inaculatum. 

In human tissues Wolbach first observed minute bodies, staining with 
Giemsa, within the endothelium of blood vessels, in the substance of 
human and guinea-pig testes. The same forms were identified in the 
bodies, salivary glands and eggs of Dermacentor. Two morphological 
types were distinguished, one a lanceolate diplocoecal form found in the 
circulating blood as well as in the endothelial cells and containing chroma- 
tin : the other rod-shaped and staining blue which proved to be the 
causative rickettsiae. (lig. 41.) 

Pathology.— In addition to the skin rash, there is usually bron- 
ehopneumonic consolidation, or hypostatic congestion of the lungs, with 
subserous petechial hsemorrhages. Similar lesions are frequently seen in 
the brain. The myocardium is softened ; the spleen enlarged and firm^ : 
the lymphatic glands generally enlarged ; focal necrosis of the hepatic 
cells and congestion of the renal cortex are found. Constant lesions, 

9 * 
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both ill man and in artificially infected animals, are hsemorrhages into the 
genitalia and, quite often, gangrene of the prepuce and scrotum. 'Vascular 
nodules are a constant feature, but not so strilcing as in typhus, with peri- 
vascular mononuclear infiltration. Rickottsise are found in endothelial 
cells and in smooth muscle colls of the vosscd walls. 

Symptoms. — The incubation period is 3-7 days. T''ho attack is ushered 
in by chills which are repeated with diminishing severity at irregular 
intervals throughout the attack. By the second day the temperature 
rises to 103° or 104° P. and by the fifth to 105° or 107° P. A. typhus 
condition supervenes, with intense headache, photophobia, irritability and 
meningeal irritation. If the patient is to recover, tho temperature begins 
to fall at the end of the second week and tho fever usually subsides by lysis. 
There are intense muscular pains and vory often an agonizing arthritis. 
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Fig. 42.— Rocky Mountain spotted fever on tenth day, showing confluent hafiniorrhagic 
areas and a necrotic pressure area of the skin over the buttock. Texas outbreak con- 
veyed by Amhlyomnm americanum, (By courtesy of Dr, L, Anigstein.) 

The rash appears from the fourth to seventh day. It is first seen as small 
rose-coloured spots resembling measles, but soon becomes petechial, 
spreading so as to become confluent, especially on the more dependent 
parts, though it may occasionally be seen on the forehead- It is, on the 
whole, redder and more florid than that of louse-borne typhus. Later it 
spreads to palms, soles of feet and scalp. In some cases the spots remain 
discrete, ^ brownish or purplish, giving a speckled appearance. Slight 
icteric tingmg of the skin and conjnnctivse is frequently observed. In 
some oases gangrenous patches of skin occur on the elbows, toes and 
lobes of the ears. During the third week desquamation sets in and the 
eruption gradually fades. (Fig. 42.) 

Constipation is the rule. The liver is usually enlarged ; the spleen 
enlarged, firm and tender. Albuminuria is due to kidney involvement, 
and the highly-coloured, concentrated urine usually contains easts. 
Severe oases are characterized by oedema of the face and limbs. Nausea 
and vomiting set in about the beginning of the second week and in fatal 
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cases may persist throughout. Respiration is rapid, owing to respiratory 
catarrh. The pulse loses in volume as it increases in frequency. The 
erythrocyte count is little affected ; the haemoglohin content is slightly 
reduced and there is a mild leucocytosis of 12,000 to 13,000 per c.mm. 
There is a reduction in the blood-platelet count. Complications, such as 
gangrene of the tonsils, scrotum and prepuce, are common in the milder 
form, k high degree of immunity is produced and no instance is known 
of a second attack. 

It is now recognized that there is little evidence for the view that 
eastern and western types can be distinguished. On the whole, however, 
in the west the rash tends to be more intense and widely distributed ; 
the febrile period longer, headache, muscular pains and arthritis more 
severe, and the tendency to retinal haemorrhages more pronounced. 
The percentage of children attacked is higher in the east than in the west. 

Diagnosis. — The sudden onset, the intense muscular and joint pains, 
together with a negative Widal reaction, help to differentiate it from 
typhoid. The geographical distribution remains a most important factor 
in its separation from louse-borne typhus. The serological reactions 
belong to the indeterminate group. A feeble agglutination with Proteus 
OZ19 occurs and also with OX 2 and OXK. Guinea-pigs are easily infected 
and develop the Neill-Mooser reaction with swelling of the testes and 
scrotum. (For complement-fixation and agglutination of rickettsige which 
are more specific than the Weil-Pelix, see p. 223.) 

A differential table is given by Gumming and Uillam between Eocky 
Mountain fever and endemic typhus (flea- typhus). 


Rocky Moujitain Fever. 

RuraL 

History of tick bite. 

Children. 

Several cases in the same family. 

Fever up to 107° P.. lasts for 
weeks and ends by lysis. 

Rush on vriists, then general, in- 
cluding palms of hands and 
soles of feet. 

Mortality 25 per cent, or over. 


Endemic Typhus 

Urban. 

Premises infested with rats and fleas. 

Adults and middle-aged. 

Sporadic. 

Pever lower, ends by crisis in 
second week. 

Rash first on trunk, flexor surface 
of limbs, rarely on face, palms 
or soles. 

Mortality under 5 per cent. 


Mortality varies considerably. In Montana it has been as high as 
75-90 per cent. The percentage given by Topping (1941) was 19*4 for the 
western and 18 T for the eastern form. 


Treatment. — Chloromycetin (chloramphenicol) is as satisfactory in the 
fever as in other forms of typhus. There have been many reports to this 
effect. Pincoffs and colleagues first established its curative properties 
and found that convalescence was attained in what was formerly regarded 
as the most virulent of fatal diseases within three days. The adrdt dosage 
was 0-5 grm. every three hours until the rectal temperature registered 
below 100 ° C. for 24 hours. 

Aureomydn is as good, if not better. Cooke advocated 1 grm. every 
six hours for two days. Harrell and colleagues give larger doses. The 
total daily dose varied from 3-6 grm. in divided doses every 4-6 hours. 
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They point out that care must be taken not to keep this drug in solution 
as it soon loses its activity. Rosts and associates treated 13 patients 
vaiying in ages frt)in sixt.oiai months to lifty years. The results were 
remarkably good and vied with those obtained by Smadol in mite typhus. 
The average duration of tVvor after the first dose was 2-^- days and, oven in 
two cases, where the t.reaianout was not coiumonced till the eighth day the 
reponse was etpially satisfactory. The dosage regime was three initial 
closes of 2-5 mgni. per kg., by the mouth, at inter vals of one hour, then in 
the same doses ev('r3^ tw(.) hours till the temperature had remained normal 
for two days. The duration of treatment ranged from 4|“9 days. The 
average total amount was 9 -5 gnu. and tlio range lay between 2-3-16.3 grm. 

Teryamydn is probably ecpially elective, ])nl, there are only two reports 
np to date. Bauer, Powell and associates (1956) in seven cases gave as 
much as 3 grin, as a loading dose, followed by 1 grm. every eight hours. 
One case was refractory, but subsequently responded to Chloromycetin. 

Prophylaxis. — Attempts at prophylaxis are being carried out on the 
basis of the known methods of transmission. War is being waged on 
ground squirrels and woodchucks, tlie natural hosts of D. andersoni. 
Domestic stock, especially sheep and goats, are being systemically dipped 
with arsenieals, to prevent the spread of the tick. It must bo borne in 
mind that D. andersoni does not infest human dwellings. 

On the whole, the sheep is an uncongenial host ; badly infected 
districts should be converted into sheep-runs. Workers in endemic areas 
should be clad in a one-piece costume, the trousers should be tucked 
inside wooden socks and the sleeves secured with a strap at the wrists. 
Tick bites should he immediately cauterized or, if possible, excised. 
D. variahilis is frequently brought into houses by house dogs, which may 
he freed from infection by the application of powdered derris root. 
Gammexane appears to be more lethal to ticks than DDT and can be used 
also as a repellent {see p. 866). 

V. TICK TYPHUS (Fl£VRE BOUTONN-EUSE) 
TICK-BITE EEYER 

Synonyms. Marseilles fever ; eruptive fever ; Jievre exantheimtique ; 
escliaro nodulaire ; tick-bite fevers— South African, South American and 
Indian forms. 

History and geographical distribution. — Fievre honionneuse 
was first described by Conor and Bruch in 1910 in Tunis, but is now known 
to occur throughout the Mediterranean littoral; also in Marseilles and 
mariy other districts in Southern France, as well as in Italy, Portugal, 
Spain, Greece, Eoumania and the Crimea. Tick typhus also occurs in 
South Africa, East Africa and Abyssinia, West Africa, North African 
httoral; also in India, South-East Asia, Siberia and Queensland. This 
fever is transmitted by Fhijpicephalus sanguineus in the Crimea and in 
other parts of S. Russia by Derniacentor nuttali, I), silvanirn and Hcema- 
;physalis condnna. The West African form is related to the South African 
form (Findlay and Archer), but its vector has not yet been determined. 
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1. — Rash of trypanosomiasis (T. gambiense.) {Dr. F. Miirgatroyd). 
1(a) . — Primary lesion, site of infecting tsetse bite on le^. 

2. — Dengue rash {after Cleland^ Bradlcv atid MacDcnald), 

3 . — Rash of fievre boutonneuse on legs [after D. and J. Clnwr, 1033) 

RASHES 


Pla-TE YII 
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Distinctive features.— The distinctive features of this fever are that 
the richettsia is transmitted hy the common dog-tick, Bhipice'phal'us san- 
guineus (Durand, Conseil, Brumpt, 1980) and that the dog constitutes 
the reservoir of the virus, for these animals have been shown to be sus- 
ceptible and their blood infective both for man and monkeys (Durand). 
The tick-transmitted virus {liickettsia frowazeki var. conori) passes here- 
ditarily from one generation of tick to another without necessarily passing 
through a reservoir animal. 

Another distinctive feature is the appearance of a primary sore, often 
in the axilla, at the site of the infecting tick-bite which, becoming gan- 
grenous, is known as “ tache noire ”, and varies in size from a pin’s head 
to a pea, but is not usually painful. Lymphangitis subsequently occurs. 
These features are comparable vrith those of tick-bite fever of South Africa 
(Troup and Pijper, 1931) and of mite typhus. Gangrene of the scrotum 
has been described in an African by de Gac and Giroud. 

At first French investigators hesitated to include it in the typhus group 
on account of discrepancies in the Weil-Felix reaction, but this has been 
cleared up. The Neill-Mooser reaction in guinea-pigs is positive, especially 
when an emulsion of infected ticks is injected (Caminopetros, 1932). 
No cross immunity exists between jime houtomeuse and endemic (fiea- 
borne) typhus, and the latter appears to be definitely a local form of 
tick-borne typhus. In other respects it resembles Rocky Mountain 
spotted fever, but the rash (Plate VI, 3) tends to be papular as well as 
petechial. Unilateral orchitis is occasionally seen. There are therefore 
strong reasons for believing that it is closely related, in mode of transmission 
and aetiology, with the spotted fever groups of North America (p. 241) . 

VI. OTHER FORMS OF TICK TYPHUS 

African form. — The tick-bite fever of South Africa, West Africa, East 
Africa, the Sudan, Eritrea, Somaliland, Mombasa and Abyssinia, originally 
described by McNaught in 1911, and again by Pijper and Dau in 1984, 
resembles Jievre hontonneuse, but is conveyed by larval ticks — Amhlyomma 
helrceum, BMjpicephalus appendiculaUs and Boophilus decoloratiLs (possibly 
also iJ. pulchellus and B, sinus in Abyssinia, Eritrea, and Hoemaphysalis 
leaeM in Tanganyika). Sporadic cases are reported from Johannesburg, 
Kenya and Abyssinia at 5,000 ft. These small ticks climb on to grass, 
attaching themselves to man and animals and, being veld dwellers, are not 
found in houses or on domestic animals. The disease in this respect 
resembles* Rocky Mountain fever. In nature, infection is conveyed by 
tick-bite, and rickettsise can he demonstrated in the Malphigian tubules 
of the ticks ; an emulsion produces the disease in animals and a slight Neill- 
Mooser reaction in guinea-pigs. The serum reactions in man are not 
quite clearly cut. In most cases Proteus OXK is agglutinated in a higher 
titre than 0Z19. Pijper and Crocker (1938) have shown that the rickettsia 
of this tick typhus does not immunize against the louse-horne or murine 
forms. 

Two forms of South African “tick-bite fever” are described: mild, or 
abortive, and fully developed. In the first the only symptom may he the 
primary sore, accompanied by adenitis and lymphangitis at the site of 
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the bite. In the fully-developed form, in addition to the primary 
manifestations, the fever lasts ten days, with severe headache, stiffness 
of neck, conjunctivitis and petechial rash ou the fifth clay. It is apt to be 
confused with cerebro- spinal inoningitis, measles and typhoid fever. 

Gear and Douthwaito regard the dog as the reservoir of infection in 
South Africa, especially in the Capo Province, wliero ii is suggesfcod that the 
local dog-tick Hcemapliysalis leacki may transmit the infection. 

South American form. — South American tick typhus, also sometimes 
known as “ Tabardillo,” or “ burning fever,” is a form of tick typhus 
common in Minas Geraos, Brazil (Magalhaes, 1940); it resoinbles 
houtoriTieuse and may be the analogue of Rocky Mountain fovor farther 
north, as Parker, Davis and Dyer have sliown ihat there is cross-immunity. 
It is possibly the same as t.lio rural disease which has occurred in Colombia 
and Texas {see p. 242) and Monl.iero succeeded in transmitting the rickettsiaB 
through the tick Am blifoninia cajennense, producing intraocular lesions in 
guinea-pigs and monkeys by tho injection of infiH’tiul human blood. 
Rickettsiae were demonstrated in tho endothelial C(dls of Doscoinet’s 
membrane. 

The mortality is said to be high — about 80 per cout. Ambulatory 
forms are recognisjod. There is usually a local lesion and adenitis. The 
grave forms are associated with sudden onset, sovt^re pains, vomiting and 
delirium. Magalhaes found a leucocytosia up to 59,800 per c.mm. in 74 per 
cent, of the cases; leucopoiiia is oxcepiiional; in S(Wtu*o atiiacks tho blood 
urea is as high as 205 nigin. per cent. The urine is scanty, uroa content 
diminished and there is chloride retention in tho majority of cases. The 
Weil-Felix reaction is not clear-cut (Piallio, 1982) ; agglutination with 
0X19, 0X2 and OXK is found in low dilutions. Dias (1988) stat.ed that 
the natural reservoirs are the opossum, domestic and wild clog {Cerdocyon 
tJious), the wild rabbit {Syhilagus brasiliends) and tho agouti (J)as]{pTOCta). 
The tick vectors are several species of Anhlyomma: — A, cajennense^ 
A, striatuu, A. hmsiliense ; the former especially, according to Dias, is 
commonly parasitic on tho domestic dogs. 

Indian form. — McKechnie (191 1 ) found a mild sporadic form of typhus in 
the Kumaon Hills on the North-West Proiitier districts of India, and Megaw 
(1916) suffered from such an attack which ho attributed to the bite of a tick. 
Other cases have been reported by Stott (1935) from Lucknow and by Webster 
(1939) from the Simla hills, but there is also evidence that mito-borne typhus 
exists in parts of India. 

VIL TEENCH FEVERS (FIVE-DAY FEVEE, VOLHYNIAN FEVER) 

Definition. — This curious fever played a prominent part in the medical 
history of the 1914-1918 war ou the Western (Pronch) front, especially 
amongst the troops and to a lesser extent amongst civilians. It also 
occurred in Poland, Russia, Northern Italy and Macedonia, Until 1941 
it was not encountered after 1918 under natural conditions, though a 
fever resembling it appeared amongst laboratory workers in Weigl’s 
laboratory, who had been feeding lice on their bodies (Herzig, 1989). 
The Germans encountered it once again on the Russian front in 1942. 

* Trench fever, Q fever anU rickettsialpox are quite distinct really from, tho true niombers of tho typhus 
group and the rickettsiaa are not antigenically related. They are therefore placed together. 
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Its association with rickettsiae and its transmission through the louse 
are claims for its inclusion within the typhus group. Trench fever is 
characterized by an initial febrile period, a tendency to relapse, periodic 
pyrexia and hyperaesthesia of the shins. 

Geographical distribution.— Possibly it may be identical with 

Volhynian fever,” known to Polish physicians for some years before 
1914. It was hist recognized as a specific entity during 1915, when it 
appeared in all the European theatres of war, and no less than 800,000 
cases were recognized in the Allied Forces in France, with isolated instances 
notified from Italy, Greece, Egypt, Iraq and Russia. 

Lice in Tunis are infected with rickettsiae which when inoculated into 
man produce symptoms similar to those of trench fever. 

Epidemiology. — Trench fever is transmitted by lice alone, and the 
blood of the patient remains infective to these insects for long periods. 
These factors suggest that the disease might have a vdder distribution 
than was at first suspected, but this has not been borne out. Trench 
fever cases have a group distribution consistent with the migrating habits 
of the louse which tends to leave the fevered human host. 

/Etiology and transmission . — Rickettsia qaintana is transmitted in 
the excreta of the louse and multiplies in the cuticular margin of the 
epithelium of the midgut of that insect. The virus exists in the blood of 
man and can be transmitted by inoculation of blood, or plasma. It has 
also been found in urine, sometimes in saliva, but never in faeces. It 
is killed in one hour at 70® C. 

The infection is conveyed by lice fed on trench fever patients, the 
infected excreta being inoculated by scarification ; lice crushed and 
rubbed into the scarified skin also convey the disease. A cycle of develop- 
ment of rickettsiae takes place in the louse and occupies five days, during 
which time the insect is not infectious. Lice remain infective for at least 
twenty-five days and the rickettsia is not hereditarily transmitted through 
the egg. The infection persists for a long time in the blood of the patient 
and can be conveyed eleven weeks after an attack. Neither high nor low 
temperatures appear to influence the developmental cycle of this rickettsia 
in tho louse. 

Mooser and associates produced lesions on the skins of rabbits by 
inoculation with suspensions of lice infected with R, quintana. Hypersemic 
papules with central necrosis were produced within four days. Sub- 
sequently intracutaneous inoculation into the skin of susceptible volunteers 
caused an attack of trench fever in which irregular paroxysms occurred 
between the eighth and twenty-third days. On the tenth day a small 
pale red papule was seen at the site of inoculation. Similar inoculation 
into a subject who had undergone an experimental trench fever attack 
three years previously resulted in the appearance of a small papule which 
did not become necrotic and disappeared quickly. 

S 3 rmptoms. — Several types of fever were originally described, but 
relapsing pyrexia is usually present. Paroxysms of fever, lasting one to 
two days, recur at intervals of four to six days. An undulating type, 
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witli recurring waves of four to ten days, has also been described. The 
incubation period is about two to three weeks ; by scarification eight days ; 
by transference of lice fourteen to thirty-eight days. The onset is usually 
sudden. There are headache, giddiness, pains in back and legs, often 
profuse sweats, flushing of face and injection of conjunctivse. The spleen 
is enlarged in one- third of cases. There is no marked exanthem, as in 
typhus, but a pale pink erythematous or roseolar eruption which disappears 
o‘n pressure has been described in one-third of the cases, usually coinciding 
with a relapse. 

Bernsdorf (1944) in the German forces on the Russian front described 
the following types : (1) Classical five-day type — uncommon, (2) irregular 
recurring type with paroxysms every ten days, (3) undulant type with 
irregular recurrent waves of fever, (4) atypical forms, (5) afebrile types, 
(6) vegetative-dystonic types with vasomotor disorders, abdominal pain 
and urticaria. 

Tenderness and ])ains in the shirts are characteristic, often very 
acute indeed, but usually not present in the early stages. Severe pains 
are also felt in knees and thighs, sometimes in the gastrocnemii. Held 
(1945) thinks that the pain is produced by nodular or cord-like bodies 
which are disclosed by careful examination of the scalp and other parts of 
the body which are tender to the touch. There is nothing characteristic 
in the blood, save a moderate leucocytosis of 10,000-14,000 per o.mm. 
Sequelae are few and mild, such as slight febrile attacks, myalgia, tachy- 
cardia and debility. 

The disease is never fatal, but shin pains often persist after subsidence 
of other symptoms. Complete recovery is the rule. 

Treatment. — The patient should be confined to bed for at least three 
weeks. Amidopyrine, 1-2 grm, daily, is the only drug which has been found 
to have any effect upon the pyrexia or shin pains. Omnadin, a mixture 
of albuminous bodies, is recommended for relief of pain. The dose is 
4 ml. daily for three days, then 2-4 ml. on alternate days up to a total 
of ten injections. The painful spots are best treated by massage. X-ray 
treatment is advocated by Hesse and Kremser in doses of 110 r (100 k.v. ; 
6 m.a. ; 3-mm. aluminium filter ; tube distance 40 cm.). Tor the head 
region 180 k.v. and a copper filter of 0*5 mm. is used. Applications are 
made to the lumbar and lower dorsal region of the spine. The shin bones, 
knee and ankle' joints are also irradiated and for severe headaches the 
temporal region. 

VIIL “ Q FEVER ” (QUEEYi FEVER) 

History. — A new fever was noted in 1935 in meat-workers in Brisbane, 
Queensland, by Burnet and Freeman, and since then many cases have been 
described. By 1939 it had been realized by Dyer and his collaborators 
that the organism — Eickettsia hurneti — ^is the same as that described 
in America as R. diaporica, which is spread by the ticks, Dermacmtor 
artdersoni and OmiUiodorus luricata, in Wyoming and the Western United 
States. This organism has recently been renamed Coxiella hurneti, 
Parker, a terminology which has been accepted. 

^ Kot Queensland Pever as lias been erroneously stated. 
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Geographical distribution and epidemiology.— Q fever occurs in 
Queensland and is widespread in Anaerica, outbreaks having occurred in 
Montana and in Texas as well as in Panama. There is now evidence that it 
has a wider geogi'aphical distribution for during the recent war it affected 
British, American and New Zealand troops in Greece and Italy. In 1947 
four familial outbreaks were observed in Switzerland. There is evidence 
that the disease is present in Morocco (Blanc) reaching to the south, 
including Casablanca and Agadir also in Algeria, Corsica, Prance, Iraq and 
now it appears to have a world-wide distribution and cases have recently 
been reported in Great Britain (Stoker) and Switzerland. In 1948 out- 
breaks were reported in Turkey and S. Germany. There is no obvious 
relationship to season. Before the war of 1939-45 most cases had been 
noted in meat-workers or dairy farmers. The outbreaks in European 
countries appear to be spread by droplet infection and numerous laboratory 
outbreaks have been described (Oliphant and Parker; Nauck and Weyer) 
and ascribed to inhalation of infected dust. An outbreak in the Belgian 
Congo with 40 deaths and the isolation of <7. biirneti from body lice is 
recorded by Jadin and Giroud. 

Pazzin has described an outbreak in a Turkish village for which inhala- 
tion of infected dust from wool was held responsible. Klopstock reported 
a similar outbreak in Israel. Gsell first established the occurrence of 
Q fever in Switzerland in men engaged in unpacking cases of hea'v^ goods 
from America. An outbreak in Chicago slaughter houses was ascribed to 
handling freshly -killed animals. Q feverin California occurs in cattle and 
in people associated vdth them, whilst C, hurneti has been found in fresh 
milk in Texas. Irons and colleagues have shown that 5 per cent, of 
slaughtermen harbour complement-fixing antibodies for Q fever and these 
are also present in sheep and goats. On the other hand there are many 
recent reports of tick transmission in S. Europe and N. Africa and in U.S.A. 

Pe Prada isolated C. hurneti from the blood of man as well as from 
Hyalomina savigmji (H. cegijptiurn) in Salamanca, Spain; Sussman from 
Rhipicephalus sanguineus collected from a dog in Phoenix,- Arizona; 
Jellison from an argasid tick, Otohius megnini, in California; Blanc and 
Bruneau from llyalomma mauritaniciim in Algeria and from the merion 
(gerhille) and its tick, H, eacavatum hisitanicwn in Morocco. 

In England Stoker (1949) found serological evidence of Q fever in 
Britain, whilst C. h'uryieti was isolated by MacCallum and colleagues during 
an outbreak at the Royal Cancer Hospital, London. (7. hurneti was 
present in milk. The clinical features were described by Marmion. A 
larger outbreak was reported in a Canterburj" school by Harvey, others in 
1951, and a third in S- Kent (Stoker and Thompson, 1953). Examination 
of milk from 103 herds id Kent showed that 8-2 per cent, were excreting 
C. hurneti. Q fever is unevenly distributed in England. The highest 
incidence is in the S.E. No reservoir of Q fever other than cattle has 
been found in Britain. 

Weyer and Nauck have established that C. hurneti can be maintained in 
meal worms, but the abundant growth kills them in one week. 

^Etiology. — Coxiella (R.) hurneti is morphologically similar to C. {B.) 
diaporica (Fig. 43) and produces characteristic pathological effects in 
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moiikeys, mice and guinea-pigs. There is a well-defined febrile reaction, 
during which time the blood is infective for guinea-pigs. Mice inoculated 
intraperitoneally show enlargement of liver and spleen with characteristic 
histological changes. In sections and smears of infected mouse liver and 
spleen large numbers of rickettsise occur in relatively large intracyto- 
plasmie colonies (Fig. 43). It is the smallest of all the rickettsise and is 
filterable. In experimental animals it has to be distinguished from 
Goennert’s virus disease of mouse lung. 



Fig. 43. Qoxidla 'brnmli {diaporica). American Q Fever- 
(Wyoming, U.S.A.) 



C.^ lyurneti can be cultivated on mineed chicken embryo reaching its 
maxunum growth during the second week. When eight or nine-day 
embryos are inoculated, in membranes removed after six days and 
incubated at 84^ C, numerous lickettsise are visible. After numerous 
passages on egg-membrane the American strain shows no reduction in 
virulence for guinea-pigs. _ Cox and Bell similarly cultivated the American 
strain in chicken embryo, in flasks containing yolk sac tissue suspensions 
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and filtered human ascitic fluid, in which it develops more profusely than 
does the Australian coxiella. 

The natural reservoir in Queensland is the bandicoot (Isoodon toroms), i^Mch 
is very susceptible to eKperimental infection.^ Smith and Derrick (1940) isolated 
the rickettsia fiom a tick, HoBmajahymlis humerosa, 'which is normally an ecto- 
parasite of the bandicoot and opossum. More recently ( 1942), Derrick and Smith 
found that cattle may play an important part in transmission, and that human 
disease may result from direet infection from the body tissues of infected cattle, 
or further indirect infection from them by the body tissues of ticks, especially 
Boo^Jiilus annnlatiis microphis. 

Since 1938 it has been ascertained by Davis, Cox, Dyer and others that the 
organism, R. diaporica, which was first isolated from the tick, Omithodonia 
turicatdj is identical with R. hurneti and should be known as C. bumeti var. 
armricana. Davis (1940) showed that it may persist in the tissues of this tick 
for three years. Since then, outbreaks of Q fever have occurred (Homibrook and 
Nelson), and this organism has been recognized in ticks, principally DermaceTitor 
andersoniy in Montana, Wyoming, Oregon and California. Sinilarly, Smith and 
Derrick ascertained that C. hurneti exists as a natnral infection in Hcemapkysalis 
humerosa, in Australia. The range of susceptible hosts is the same in both 
varieties, but the American (Montana) strain appears to be more virulent except 
for mice. Dermacenior occidentalis and Amblyomrna americanum also harbour 
the rickettaiae. There is some evidence that congenital transmission may take 
place in the tick. 

In Morocco C. hurneti has been isolated fi*om the spleen of infected merions 
{Meriones sMwi) as well as fiom ticks, Eyalormm mvignyi and H, excavatum, 
var. lusitanicuTriy found living in the burrows of this North African rodent. In 
addition goats carry infect^ ticks. These animals on inoculation with C. 
hurneti exhibit a febrile reaction during which xickettsise circulate in the blood. 
H. dromedarii from the camel is also infected and the rickettsise pass into the 
eggs of the tick. In addition to sheep and goats, camels and cows react with 
fever and produce agglutinins to C. hurneti. Wild rodents, including rats and 
jerboas, are susceptible. 

Burnet and Ereeman confirmed the findings of Dyer that the C, hurneti of 
Australia and of America are identical. Both Montana and Australian Q strains 
axe agglutinated to the same titre by sera from a number of animals experimentally 
infected with one or other strain. Sera from man and animals infected with 
other rickettsial diseases do not agglutinate C. hurneti. Gruinea-pigs protected 
against Rocky Mountain fever are not immune to Q fever, but protection against 
Q fever is active against the virus recovered from wood ticks (D. andersani) in 
Montana and the serum of patients recovered from Q fever protects against both 
Australian and American strains. As with other rickettsial infections, mixtures 
of virus and immune serum in suitable proportions may be injected into animals 
without febrile response, but in all instances the subsequent complete im m unity 
of tbe animal indicates that actual infection has indeed taken place. 

C. hurneti is present in the blood of man during the fever period only, but may 
be found in tbe urine during the latex stages. It is also present in the pulmonary 
cases in the sputum and can be conveyed to mice and guinea-pigs by this means. 

Agglutination reaction of rickettsial suspensions by human, monkey and 
guinea-pig sera occurs and is specific, so that agglutinins are present in the serum 
of man and animals for several months after an attack. There is no cross- 
immunity between this disease, typhus or Rocky Mountain fever (Pinkerton, 
1940). The disease produced in the guinea-pig is mild and mortality is nil, 
but when the animal is killed the spleen is found enlarged and contains the 

^ This animal is a marsupial and is quite distinct from the bandicoot rat (Nesokia bandicota). 
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organisms. One attack in the guinea-pig confers immunity and this has proved a 
method for diagnosis. These animals are readily infected hy faeces of the tick, 
Orniiliodorus turimta. 

Pathology.— The pathology has been described by Wliittick (1950). 
The lung resembles lobar pneumonia. Coccoid and bacilliform rickettsite 
can be clearly demonstrated in the mononuclear cells and degenerated 
macrophages when stained with G-iemsa; also in the testes and in the 
neuroglia cells of the brain. 

Symptoms. — This fever is known in America as “ Nine- mile fever.” 
The onset in man is acute and sudden. The course and duration vary 
considerably. It is very infectious. In Europe and America it is probably 
commonly conveyed by dust, not by droplet contamination. Milk from 
cattle and goats may be a vehicle. Sometimes there is a rapid defer- 
vescence after six to nine days ; sometimes the course is protracted to 
the third, or even to the fourth week and the temperature falls by lysis. 
There is no rash as in other forms of rickettsiasis. The outstanding 
symptom is headache which may be extremely severe and persistent, 
while the pulse-rate is slow. The disease is comparatively mild and there 
have been no fatalities. 

Hornibrook and Nelson reported an outbreak in 15 persons amongst 
153 employed in one building in North America. No valid evidence was 
obtained in this instance that any arthropod was concerned with the out- 
break, or in the transmission of the disease. It is very suggestive that 
central pneumonia, or pneumonitis, has been observed and broncho- 
pneumonic signs are present in half the cases. The disease is readily 
acquired in the laboratory and niiineroiis cases have been reported. 
Encephalitis as a sequel to Q fever has been reported (Wegmann) . 

Eindlay found that intranasal instillation of <7. burneti (American and 
Australian strains) in mice causes interstitial pneumonia. These lesions are 
similar in character to those produced by similar applications of the rickettsiae of 
louse-home and murine typhus. 

Diagnosis. — An agglutination test with suspensions of rickettsise 
grown on egg-sac is now employed and is highly specific. Agglutinins 
are present in the serum for several months after an attack. A complement- 
fixation test was employed by Bengtson. Diagnosis can also be made by 
isolation of the organism in mice and guinea-pigs, or by feeding ticks on 
the patient and by subsequent transmission to mice. Neither the sera of 
patients, nor that of infected monkeys and rabbits, agglutinates Proteus 
OZ19, OX%, or OXK. Radiographs of the lungs show evanescent diffuse 
opacities in the central portion and hilum. Derlinger described segmented 
or lobar consohdation in chest skiagrams in the great majority of cases; 
nevertheless recovery is rapid and complete. 

Differential Diagnosis. — The fever has to be differentiated from 
atypical pneumonia, influenza, central pneumonia and psittacosis. The 
presence of “ cold agglutinins ” may assist in diagnosis from virus 
pneumonia. 

Treatment. — The majority of modern antibiotics are curative in Q fever. 
At first streptomycin was used as Huebner and colleagues had found it 
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especially effective in treatment of guinea-pigs infected 'v^dth 0. hurneti. 
Chloromycetin by the mouth has beeh generally ackno'^dedged as specific, 
but recently terrartiycin is rated as even better. 

Prophylaxis. — Burnet and Ereeman found that the virus, when mixed 
with immune serum or treated with lauryl sulphate, confers immunity 
after inoculation, and so also do suspensions of rickettsise killed by 
heat or treated with formalin. The appearance of fever in abattoir 
workers has now been explained as due to handling meat of infected cattle. 
It is therefore obviously important that all meat workers should be 
protected by prophylactic inoculation. In the European outbreaks 
prevention is difficult because there is no contact infection, but it arises 
from a common source, such as dust. The rickettsise have been found in 
the faeces of ticks and other insects. 

IX. Rickettsialpox (Vesicular Eickettsiasis) 

This curious rickettsiasis was described by Huebner and Armstone in 
1946 in inmates of an apartment house in New York \\ith a pox-like rash. 
Within the next three years nearly 500 cases had been reported — all in 
New York City. The initial lesion resembles that of mite typhus and the 
rash is similar to that of other members of this group, except that vesicles 
occur. A case has been reported from French Equatorial Africa (de Gac 
and Giroud, 1951). 

The inmibation 'period is about seven days and the temperature rises on 
the tenth after infection. The lesion starts as a small erythematous patch 
and soon a vesicle appears with centre developing into an eschar with 
enlargement of the corresponding lymph glands. Malaise and headache 
are invariably present. Fever lasts one to seven days. The rash appears 
on the second day in the form of discrete erythematous, macub-papular 
spots, 2-10 mm. in diameter, all over the body. 

At a later stage the vesicles are replaced by blackish crusts which drop 
off leaving pigmented spots. This disease has no mortahty. 

The causal agent is Biclcettsia akari which is transmitted by the mouse- 
mite, Allodermanyssus sanguineus (Hirst). Bdellonyssius bacoti, another 
murine parasite, is also capable of transmission under laboratory condi- 
tions. The rickettsia are extracellular, intracytoplasmic and intranuclear. 

The domestic mouse is undoubtedly the reservoir and they have been 
found carrying infected mites, whilst they themselves have been proved to 
be immune. The Weil-Felix reaction is negative, but complement fixation 
tests, with ether-extracted soluble antigens, are reliable, giving a rising 
titre response. Reactions with Rocky Mountain fever antigens are 
positive also. (A good general account of this rickettsiasis has been 
written by Greenberg and Pellitteri, 1952.) 

Treatment with aureomycin, 2-4 grm. daily, has been successful, whilst 
terramycin is also effective. 

Peophtlactic Inoculation op the Typhus Group of Fevers 

A vaccine, to be of real value in the control of rickettsial infection, 
must produce a high degree of immunity which lasts for a considerable 
time ; must not evoke dangerous reactions ; and must be easily produced 
and easily administered. 
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Killed louse-borne typhus vaccine-— The earliest and niost 
^videly used method was that of Weigh This vaccine is prepared from the 
intestinal contents of lice injected per rectum with suspensions of hving 
BicJcettsia prowazeM. After an interval the lice are killed and the 
intestines removed and ground up with dilute formol-saline. This method 
was employed in Poland and in Germany before the second world war. 
Considerable numbers of lice — between 200 and 800 — are required to 
immunize a single individual, and the cost is greai.. Przesmycki intro- 
duced solutions of aureomycin into laboratory bred lice in doses of 
0-01 per cent., at intervals of 24-48 hours ; growth of riekettsise was 
inhibited. 

Killed tick-typhus vaccine.— A method in which the tissues of 
infected Dermacentor andersoni are used has been employed by Spencer 
and Parker since 1925 in vaccination against Rocky Mountain spotted 
fever ; 150,000 people had been inocnlated by 1935, and Parker (1941) 
stated that amongst persons infected within one year the mortality was 
only 8-11 per cent, as compared with 82-35 per cent, amongst unvaccinated 
controls. Similarly, Monteiro (1933) has used the tissues of infected 
Amhlyomma cajenneme as a vaccine against Sao Paulo typhus. 

Other cultural methods.— The chief difficulty lies in obtaining 
riekettsiffi in large enough numbers. Numerous methods have been used : 
e.g., rickettsisB have been grown in serum with Tyrode’s fluid containing 
chick embryo tissues, but the growth, which is at first luxuriant, cannot 
be maintained, ^ Cox devised a method of injecting rickettsia (from typhus, 
Rocky Mountain spotted fever, fiivre houtouTieiise and Q fever) into the 
yolk sac of the developing chick embryo, which yields a rich growth. 
Formolized or earbolized suspensions obtained by this method have been 
used in Spain and extensively during the civil war. By this method 
one dozen egp yield 100 ml. of vaccine, enough for about thirty people. 

Cox’s vaccine can be produced in large quantities. The virus is grown 
in developing fowl embryo and is transferred to other fertile eggs by 
0 5 Dll. of 5-10 per cent, suspensions of yolk sao in 50-50 mixture of sterile 
beef infusion broth, or by using an equal quantity of undiluted yolk fluid. 
The latter method is preferred for the preparation of vaccines. Th^ 
maximum multiplication is not usually obtained before 4—6 passages. 
Formohzed suspensions of the rickettsise are then prepared, and have 
been found to be stable on storage. The vaccine is injected three times 
(0*5 ml. once and 1 ml. twice) at five-day intervals. 

The eustomaiy metho<fe bo far eraployed as a means of testing the 
Gflicacy of typh-us vaceinea are active immunization of guinea-nivs 
^glutmation tests for Protms 0X19, and neutralization of antibodies ^in 
the serum of moculated subjects. 

.V *0 oaly partial. Tan den Bnde and 

others (194S) pubhshed a report of an outbreak of murine typhus in twelve 
labomtory workers who had been immunized previously with Cox’s 
VMcine. The mfection waa contracted by the respiratory route. The 
disease was moderately severe in three cases ; mild in others. 
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Suspensions of rickettsiae from tissues.— A different method 
consists of obtaining a rich suspension of rickettsiae from the lungs of 
animals infected by the intranasal technique. This consists of setting 
up a rickettsial pneumonia in mice, in rabbits or, recently in South Africa, 
in gerbilles, removing the lungs and obtaining by centrifugalization a rieb 
emulsion vrhich is then treated with formalin or phenol. No reactions 
are caused by the injections, of which it is necessary to administer four or 
five at interv'als of five days. A good immunity is said to be produced 
against louse-borne typhus, but only partial against the murine form. 
Castaneda (1941) proposed to use a lung vaccine prepared from rats in a 
similar manner, and to employ both types of rickettsia in the vaccine. 

Fulton and Joyner (1945) during the recent war produced a vaccine by cultiva- 
tion of B, tsutsugamushi in the lungs of the cotton rat {Sigmodon hispidus) by 
the intranasal method of Castaneda. In order to avoid infection of laboratory 
technicians all intranasal inoculations and grinding of infectious tissues were 
carried out inside the special box described by Van den Ende (1943). The 
Karp strain of Topping in lyophil dried yolk sac was employed and it was 
recovered by injecting reconstituted material into the peritoneal cavity of mice. 
The viscous peritoneal exudate was used for injecting mice intranasally. In 
order to avoid contamination each mouse received intraperitoneally 15 mgm. 
sulphathiazole suspended in 0*1 ml. of 5 per cent, gum acacia saline. The lungs 
were harvested by grinding in a mortar with glass powder and suspending in 
10 ml. of 10 per cent, horse serum broth. After centrifugation the deposit was 
discarded and the supernatant fluid stored in ampoules at -IT C. The lung- 
adapted Karp strain was then passed intranasally to cotton rats which are most 
susceptible. They received intranasally 0*6 ml of mouse-lung suspension, dying 
on fourth to fifth day. The rickettsiae content of the cotton-iat lung is three 
times that of the mouse lung. The vaccine finally prepared appeared to be poor 
in protecting the mouse against scrub t5rpbu8 compared with epidemic typhus 
vaccine. In man the vaccine does not give rise to any untoward reactions and it 
is suggested that three doses of 1 ml. subcutaneously at weekly intervals would 
be suitable and a booster of 1 ml. every three months. 

Three cases of accidental infection occurred amongst 60 at risk. AQ had been 
inoculated previously and made uneventful recoveries. Two had previously 
suffered from murine typhus two years earlier. Tests in the field by Walker, 
Card and J. M. Walker (1947) with the vaccine in 1 mb doses on three occasions 
at weekly intervals, showed some protection against the incidence, but that it 
had no effect upon the classical cases of scrub typhus. 

General considerations.— Felix has emphasized that immunization 
against the typhus group is still in the experimental stage ; one of the 
chief difficulties is to maintain the labile rickettsial antigen in cultures. 
The best method of killing and preserving the vaccines has yet to be found. 
At present phenol and formalin are employed, and it is probable that they 
destroy the labile rickettsial antigen. 

Ding has pubhshed a series of comparative studies on groups of typhus 
patients inoculated eight weeks previously with six types of vaccines, 
thereby producing evidence that the killed vaccines of Cpx and other 
types are active in preventing deaths from typhus. The vaccines tested 
were WeigTs, Cox’s yolk-sac type, Giroud type (rabbit lung) and Combiesco 
type (dog lung). 
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CHAPTEE XII 

PLAGUE 

Definition. — Plague is a specific, inoculable and otherwise communicable 
epidemic disease common to man and many of the lower animals. It is 
characterized by fever, adenitis, a rapid course, a very high mortality, 
and the presence.of a specific bacterium, Pasteurella jpestis (BaciLlits peslis), 
in the lymphatic glands, viscera, and blood. In a large proportion of 
eases buboes form in the groins, armpits, or neck. The reader is referred 
to “ The Conquest of Plague ” (Hirst, 1953). 

Geographical distribution.— Probably plague is always present in 
some part of India and in Uganda, especially among the rude hill-people. 
It is known to have been endemic in the south-west of China, in the 
province of Yunnan, for many years. The extension of plague probably 
had its origin in that part of China, and it is safe to prophesy that it will 
continue epidemic in that country for many years to come. Japan and 
the Phihppines were both infected from China! 

Imported from Hong Kong, the disease appeared in 1896 in Bombay, 
and subsequently, as a great epidemic, spread to Calcutta and to many 
other parts of India, where it still prevails. In 1913 plaguo spread from 
Negapatam to Ceylon and in 1914 broke out in epidemic form for the 
first time in Colombo, where it remained confined to one portion of the 
city. India has suffered more than any other country ; there have been 
years when the plague deaths exceeded a million, and they were considerably 
above that figure m 1907.^ It has been .estimated that from the time 
of its introduction into India until that date there was a total of nearly 
ten milhon deaths. ^ Soon after its appearance in. India, plaguo became 
extensively epidemic in Mauritius and it still prevails there at certain 
seasons. Mombasa and British East Africa (including Nairobi), the West 
African colonies, Madagascar, Delagoa Bay, Cape Town, Port Elizabeth,, 
and Durban, also Sydney and Brisbane in Australia, and Alexandria in 
Egypt have all been mvaded. Plague was introduced into Java in 1910, 
and has existed ever since in one of the most densely populated areas in 
the world. There has been an average of 3,000 to 6,000 cases per aivnum. 

Until its^ appearance in Brazil, Argentina, and other South American 
countries, in San Francisco and Mexico, plague had never invaded the 
Western hemisphere ; now it is of considerable importance in California. 
Peru, into which the disease was introduced from India in 1908, was the 
first country on the West Coast of South America to be invaded. The 
infection reached Ecuador through Guayaquil and raged at an altitude 
of 10,000 feet. Plague was reported from Malta, N. Africa, Egypt, Israel, 
Italy, Sicily, Ehodes and Corsica in 1945. In recent -years plague has 
reappeared in Calcutta from which the town has been free since 1926. 

258 



ETIOLOGY 


259 


ActiTe foci of plague are now restricted to (1) Asiatic countries such as 
India, Burma, Siam, Indo-China, Java and China : (2) African countries, 
Azores, Morocco, Senegal, Kenva, Tanganyika, Belgian Congo, Mada- 
gascar, S. Africa; (3) S. American countries, Peru, Eolma, Argentina. 
Selvatic plague tends to spread in M. and S. Ameiica and S. Africa. 

Epidemiology and endemiology. — Age, sex and occupation have very 
little influence in plague. The youngest children are susceptible. 

Atmospheric temperatures, if very high or very low, seem to have a 
repressing effect. On the other hand, plague on more than one occasion 
has flourished during a Russian winter. On the whole, the evidence 
points to moderate temperature — 50° to 80° F. — combined with a certain 
degree of dampness as being the principal atmospheric condition favouring 
epidemic outbreaks and recurrences. In Hong Kong, for instance, it 
was found by Uttley that a mean temperature of 63^^ F. with a relative 
humidity of 83° and aqueous vapour tension of 0*500 favours the spread 
of plague, but when the temperature reaches 82-88° F. or more, for three 
to four months, with a vapour tension of 0*900, this disease tends to die out. 

In large towns and in some districts in which plague recurs for several 
years in succession there is a seasonal periodicity (which may not be the 
same in all places) of maximum and minimum prevalence. 

The duration oj epidemics of plague is very variable. In large cities — 
Bombay, Hong Kong, Canton, for example— the disease, when fairly 
established, may not relax its grip for ten or more years. In smaller towns 
it may disappear in a few months. 

The extension of plague epidemics is peculiar : the disease follows trade 
routes, and especially the grain trade. Sometimes it may spread rapidly 
from point to point ; more generally it creeps slowly from one vill-age to 
another, from one street or one house to another. Sometimes it skips 
a house, a village, or a district. In former times it was spread in the 
Mediterranean by cotton and woollen goods (Hirst, 1953). 

These and many other facts in the epidemiology of plague are to be 
explained by the connection of the disease with the rat and its fleas, 
and depend in the main upon the migrations of the former and the breeding 
seasons of the latter. 

iETiOLoav 

The micro-orgaiiism-— The specific cause of plague is the bacillus 
which was discovered by Yersin and Kitasato in 1894. It occurs in great 
profusion in the characteristic buboes, generally in pure culture, although 
towards the later stages it is often associated with the streptococci and 
staphylococci of suppuration. It is present, also, in great abundance 
in the spleen, intestines, lungs, kidneys, liver and other viscera and, 
though in smaller numbers, in the blood, while in the pneumonic type 
it is found in the sputum in profusion. It may be found also in the urine 
and faeces. Towards the termination of rapidly fatal cases it occurs in 
great numbers in the blood. 

Pasteurella pesiis (Fig. 44), as seen in a blood- film, or in preparations from 
any of the other tissues, is a short, thick cocco-bacilliis (1*5 to 2 by 0*5 to 0*7 [i.) 
with rounded ends, very like the bacillus of chicken cholera. A capsule, or the 
appearance of one, can generaUy be made out, especially in bacilli in the blood. 
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The organism is readily stained by aniline dyes, especially by Romanowsky 
stains, the extremities taking on a deeper colour than the interpolar part, giving 
a bipolar appearance. Epstein regards bipolarity as a phenomenon not specially 
confined to P, pestis ; the fixing and staining of the specimen naturally influence 
the result. 

Bhatnagar states that virulent stains of P, pestis can he recognized by the 
abundance of the envelope substance. 

It is non-motile, Gram-negative, indol-positive, and gives nitrite reaction 
with sulphanOic acid and X naphthylamine. 

Cultural characters . — When sown on blood-serum and kept at body-temperature 

in from twenty-four to forty-eight hours 
an abundant moist, yellowish-grey growth 
is formed without liquefaction of the 
culture medium. On agar, hut better on 
glycerin-agar, the growths have a greyish- 
white appearance. In agar plate cultures 
they show a bluish translucence, the 
individual colonies being circular, with 
slightly irregular contours and a moist 
surface ; on mannite-neutral-red-bile-salt 
agar the colonies are bright red, but are 
colourless on a similar medium in which 
lactose is substituted for mannite. Litmus- 
milk and glucose-broth are rendered slightly 
acid ; lactose-broth is unchanged. Young 
colonies are glass-like, but older ones are 
thick at the centre and more opaque ; they 
are singularly coherent and may be removed 
en hloc with a platinum needle. Stab- 
cultxires show after one or two days a fine dust-like line of growth. Accord- 
ing to Y ersin, when sown on gelatin, the bacillus gives rise to white transparent 
colonies which, when examined in reflected light, present irridescent borders. 
In bouillon the cultures present a characteristic appearance : the liquid remains 
clear, whilst a granular deposit takes place on the sides and bottom of the tube. 
Cultivated on broth in which clarified butter or coco-nut oil is floated, P. pestis 
presents characteristic stalactite growths which gradually fall off, forming a 
granxdar deposit. Examined with the microscope, these various cultures show 
chains of a short bacillus, presenting here and there large bulbous swellings. 
In gelatin the bacilli sometimes form fine threads, sometimes thick bundles made 
up of many laterally-agglomerated bacteria, and involution forms are common. 
The bacillus does not produce spores. 

The most favourable temperature for culture is from 36° to 39® C- 

The bacillus of plague can be modified by artificial methods ; it is well known 
that some process of this kind takes place in nature, for as a plague epidemic 
decreases, so the case-mortality falls. 

E:5^erimental plague. — In the guinea-pig, within a few hours of the intro- 
duction of the bacillus, a considerable amount of oedema appears around the punc- 
ture, and the adjacent gland is perceptibly swollen. At the end of twenty-four 
hours the animal is very ill ; its coat is rough and staring ; it refuses food, and 
pre^ntly becomes convulsed and usually dies on the third or fourth day. 

^ u opened immediately after death a sanguineous oedema is found 

at the point of inociriation, with haemorrhagic inflammatory effusions around 
the nearest lymphatic gland which is much swollen and full of bacilli. The 
mtestmesare hypersemic ; the adrenals, kidneys, and liver are red and swollen. 



Fig, 44. — P. pestis in peripheral 
blood in septicaemic plague, xOOO. 
(Microphotograph : Dr. J. Bell.) 
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The much-enlarged spleen frequently presents an eruption of small whitish 
granulations resembling miliary tubercles. All the organs, and even any serous 
fluid that may be present in peritoneum or pleura, contain plague bacilli. In 
the blood, besides those free in the liquor sanguinis, bacilli are found in the 
mononuclear, though not, it is said, in the pol5nnorphonu clear leucocytes. 

R61e of the rat in plague.— Although small and cireamscribed 
epidemics of plague may occur without the intervention of the^ rat, as 
when it first appeared in Colombo, there can be no doubt that in most 
epidemics of the bubonic form this rodent plays an important part,^ both 
in the introduction and in the spread of infection. The species principally 
concerned are Rattus norvegicus (or dscuvianus), the grey rat, and Rattus 
rattiLS, the black rat (Figs. 45 and 46). The mouse, Mus nmculus, is also 










Fig- 45.— norvegicus. 

Configuration and anatomical charactecs of head and 
skull (nat. size). 


Fig. At.—Eaitus rattm. 

Configuration and anatomical characters of 
head and akuU (nat. size). 
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susceptible. The bandicoot and musk rat are of little importance in these 
respects, although susceptible to laboratory infection.^ In Bombay the 
epizootic appears first in the Bathis nowegicus coinmiuiity, Uaiins rattiis— 
the more domestic species — being subsequently attacked. Later the 
disease appears in epidemic form in man (Chart 13). 

The seasonal prevalence of bubonic plague in rats is marked and is 
not due to a periodicity in their reproduction, but is connected with 
periods in which fleas are most numerous. In places in whicli plague 
epidemics keep recurring year after year the local rats acquire a con- 
siderable degree of immunity; moreover, this is transmitliul horodit.arily. 



Thus, in plague-free towns in India— e.g. Madras and Dacca— the mortality 
among^ the local black rats experimentally infected was 100 per cent., 
while in plague-stricken towns, such as Cawnpore and Poona, it was 
much less. 

Another observation which may have important hearings on the spread 
of plague, and the yearly recurrence of epidemics in the same place, is 
that in certain rats the disease may assume a chronic form. 

Other animals may die of plague during an epidemic ; dogs are said to 
be immune. 

History.--Although the main credit is given to the Indian Plague Commission 
for the part it played in elucidating the transmission from rat to man, yet it is 
an astonishing fact that the pioneer studies of P. L. Simond {Ann. Inst. Paslenr, 
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1893) liave been forgotten and Ms conclusions neglected, for now it appears 
that many of the generally accepted facts of plague were enunciated by him 
for the first time. That it is primarily a disease of rats was recognized by Yersin 
and Roux in 1897 and the role of ieas as vectors of the infection suggested by 
Ogata in the same year, but it was Simond who, after a brief visit to India, found 
that the outbreak of plague in rats was followed by an epidemic in man ; further- 
more he found plague bacilli in fleas and noted that the primary lesion in man 
was often a blister containing plague organisms. He noted that fleas leave the 
body of a stricken rat and found that the bacilli could be conveyed by the bite of a 
flea. He tried out the mouse-protection test as a measure of the efficacy of anti- 
plague serum and finally suggested sulphuric acid fumes as a means of rat 
destruction in sliips. 

Selvatic (sylvatic) or wild rodent plague. — ^Formerly, epidemiologists 
concerned themselves mainly with rat epizootics, but recently, increasing 
attention is bemg paid to plague of wild rodents of the flelds and woods — 
field-rodent, or selvatic, plague. It is now realized that plague exists 
in a smouldering state over vast tracts of territory among the Asiatic 
marmots ; among the “ susliks,” mice and jerboas of the desert region 
of south-eastern Russia ; among the gerbilles and viuridce of the African 
high veld and coastal region ; among the chipmunks and ground-squirrels 
of California ; and in South America among the cavies (“ cuis,” wild 
guinea-pigs), and other peculiar rodents of the Pampas. In Chile, on the 
other hand, plague is restricted almost entirely to rats in the seaports. 
Desert country is unfavourable to the rat flea, Xeyiopsyllc cluopis. Although 
field-rodent plague has given rise so far to comparatively little human 
mortality in most countries, in North Manchuria, where the disease is 
endemic in the marmot or “ tarahagan,” virulent epidemics of pneumnic 
plague have occurred. 

R51e of the marmot and other rodents. — Mongolian and Siberian 
pneumonic plague epidemics are associated with the occurrence of the 
disease in species of marmot known as “ tarahagan ” {Arctomys bobac.. 
Fig. 47),^ and several smaller species {Gitellvs citellus, C. pygmceus and 
C. mugozaricus), locally known as “ susliks,” which can harbour the pla^e 
bacillus in their bodies without apparently suifferihg any ill effects during 
hibernation, thus constituting a more or less permanent reservoir of the 
plague virus. Possibly plague infection is transmitted to man by the fleas 
which infest these animals, hut it is more generally considered that the 
rodent fleas play a minor part and that the infection is transmissible via 
the alimentary tract. It has been shown that in hibernating spermophiles 
P. pestis loses its virulence and is less easily cultivated. Epizo5tics of 
plague in these regions generally begin after hibernation. 

The pouched marmot of the Caucasus {Spernophilus gutiatus) is 
extremely susceptible to plague infection and is probably concerned 
in the spread of the disease in that region. In Transbaikalia plague occurs 
in Spennophilus evenmani and in S. dauricus, which are 22 cm. long and 
rather resemble the tarahagan. The presence of spermophiles, which are 
related to marmots and ground-squirrels, can be determined by the 
characteristic excrement at the mouth of their burrows. 

1 A sabppedes of A. bohac, Arctomys centralis^ msfoand infected in the Nariiusk epidemic of 1929-SO. 
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As an indication of the important part that many animals play in 
the spread of human plague, extracts from the report of the first Plague 
Congress of Soviet Eussia, 1927, may he taken as an example. In South- 
East Eussia, from October, 1925, to May, 1927, there were 42 plague 
epidemics with 310 cases. The infection of 11 of these originated from 

domestic and field mice, 



four from spermophiles, 
three from jerboas {Di- 
podi^pus sagita), and four 
from gerbilles (Bhom- 
bomys opimus), while 
seven outbreaks were 
traced to infection at 
slaughter of plague- 
infected camels. Fleas 
capable of biting man 
were found on nearly 
every rodent and they 
play an active part in 
the spread of plague in 
Eussia. Proven tricular 


Fig. 47. — Arctomys hohac, Siberian marmot 
(nat. size). 



Fig. 48 . — GiteUiis heecJieyi, ground-squirrel 
of California (nat. size). 


blocking {see p. 267) 
with the plague bacil- 
lus occurs in the gerbille 
fleas (Ceratopliyllus tes- 
quorum and C, Iceviceps), 
Plague is known to 
exist in the seven 
western states of 
America, hut it has not 
so far been noted east 
of Wyoming nor south 
of Utah, save in Cali- 
fornia ; the most north- 
erly point is some 150 
miles north of the Cali- 
fornian border. In 
California the ground- 
squirrel {Gitellus hee- 
cheyi^^igi 48), although 
it does noi^ live near 


human habitations, in- 
fects rats that do, and thereby acts as an important reservoir of P. 
pedis. 

Seven species of ground-squirrel are now known to harbour plague 
mduding Gitellus heecJuyi, G. jisheri, C. gremmitrus, and G. townsendi. 
Other wild rodents from which plague-infected fleas have been collected 
include tree-^uirrA (Scwrus ^uglctsi/hf JCerus erythropus), chipniunks 
(McLrmQl^ nosophora, M.fl. engelhardti) , 
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prairie dogs {Cynomys parvidens), and a field-rat {Arvicafdhics rujimcs). 
Eskey and Haas have pointed out that wild rodent plague in the 
Western United States is not always accompanied by infection of domestic 
rats. 

In 1946 it was found that the prairie dog {Cynomys gmnisoni) harboured 
plague and in 1947 rodent plague w^as reported from six Western States, 
but only one fatal case in man in California. In New Mexico, in 8,271 
rodents, Link found evidence of plague only in prairie dogs and marmots 
{Mamiotaflavirosiris) or their fleas, but no human cases had been reported. 
In Cahfornia the infection is spread from the ground squirrel to the rat 
and from rat to rat by the fleas (Dmmamus montanm and Hoplopsyllus 
anomalus) (Meyer and Holdenfried). 

In Brazil plague was first introduced in 1899 and was a port disease ; in 
the next period it passed to cities in the interior; and now, in the third 
period, it is tending to disappear from the cities and to localize itself, 
endemically, in rural areas, associated with storage of food which attracts 
rodents. In Sao Paulo Xenopsvlla hrasiliensis is the most important 
vector. 

In South Africa, especially in the Cape Province, the rodents of the 
inland veld have become infected with plague and, by continuously pass- 
ing the disease from one to another, constitute a persistent and danger- 
ous source of human infection. On the high veld the gerbilles (Taterona 
lohengulce and Desmodillus auricularis), the ground-squirrel [Geosciurus 
cajpensis), and the multimammate mouse {Mastomys coucka) are the 
most important — the latter forming a link by conveying infected fleas 
from gerbille burrows into human habitations. In the lower bush 
country the striped mouse {Bhabdomys pumilio) plays the chief role, 
while the springhaas (Pedetes caffer), a giant jerboa, on account of its 
extreme mobility, is capable of widely disseminating plague. Two 
carnivores, the suricate and the yellow mongoose, are susceptible to 
plague by feeding on dead and dying rodents, and it has been pointed 
out by Mitchell that the discovery of gerhille remains in the faeces of 
these animals is a valuable indication of the existence of a rodent epizootic 
in the veld districts, as these animals do not normally eat gerbilles unless 
they are sick. 

The gerbilles, espeeiaJly the Namaqua species (JD. aiiricukitus)^ range both 
within and without the plague area and extend throughout Africa to the Sahara. 
Tatera branisii ranges from the E. Karoo, the high veld, Kalahari, and parts 
of Natal, T. scMnzi from the Kalahari and its borders; but T. ajra is not found 
in the enzootic areas. The flea vector is X. eridos^ whose chief host is T. hrantsiu 

South African rodents harbour a large number of species of flea.^ Of 
these, three, Binopsyllus allohius ellobius {lypitsus), Chiatopsylla rossi and 
Xenopsylla eridos have been found, under experimental conditions, 
capable of conveying plague infection. The last-named occurs almost 
entirely within the enzootic region. 

To be effective, the prophylaxis of plague in the wilder regions of the world 
necessarily entails a knowledge of the habits of these rodents. The groun 
squiirels are really spermophiles which constitute a connecting link etveen 
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the true squirrels and the marmots. G-round- squirrels are generally found in 
prairie-Kke regions, where they construct an intricate system of burrows, at the 
main entrance of which they may be commonly seen standing on guard upright 
and motionless. 

The true marmots, such as the “ tarabagan,” are characterized by the rudi- 
mentary thumb, small eyes and ears ; the tail is bushy and comparatively short. 
The burrows which they excavate are very deep and are crowned by mounds of 
earth thrown up by successive generations of marmots and are known as 
“ bootans ” in Mongolia. The gerhilles are small jerboas ; they are rather smaller 
than the domestic black rat ; the hind legs are long, the front very short. They 
are pale fawn with white bellies. Their habitat is sandy country where they live 
in families. Their warrens extend over an area of 30 square yards and to a 
depth of 3-4 feet. Gerhilles may commonly be seen sitting warily in an upright 
position at the mouth of their burrows with front paws extended horizontally. 
The warrens often harbour ground-squirrels, surioates and mongooses, all four 
species, apparently, living on friendly terms. Plague is spread among gerhilles 
(Taterona lohmguloe) through the intestinal tract by the cannibalistic habits 
which these creatures develop when sick. 

The multimammate mouse is the wild mouse of the veld and has much the 
same habits ; in country districts it invades human habitations. The striped 
mouse is diurnal and is more numerous in bushy country, where it usually builds 
big nests of sticks on the surface of the ground and lives in large families. 

In North Africa spontaneous plague is found in the following rodents : 
Psammomys rondaireii Dipodillm dodsonij D. campestris, Gerhillus hirtipes 
and Meriones shawi. In Uganda the rodent reservoir is B. rattus, originally 
it was R, mastomys {eoucha ugandee) and X. Iraziliensis is the chief vector. 

^ In Dakar (Senegal) a shrew (Crocidwa stampflii), on the Gold Coast, the 
giant rat {Crmiotomys gambianm), and in Kenya the field rat {Arvioantlm 
abyssinicus) play their part in the dissemination of plague. 

In South America, in the Argentine pampas, Uriarte and Villazon 
have shown on several occasions that rodents of the cavy type suffer 
in plague epizootics. The species specially concerned are Microcavia 
australis and M. galea ; a ericelid also, Grcuomys griseoflams, has been 
shown to be experimentally very susceptible. It is arboreal, and recently 
de la Barrera found a small outbreak of human plague which w^as traced 
to this animal. 

On observations such as these the modern quarantine against plague 
has been framed. 

Role of the flea in plague. — It is now known that plague is not 
communicable from animal to animal by simple contact, but is readily 
communicated by fleas, and principally by Xenopsylla cheopis (Eg. 403, 
p. 1069), the rat-flea of the tropics, Geratopliijlliis fasciatus, the rat-flea of 
temperate climates, and Ctenocephalus eanis and 0. felis, which hit© 
dogs and rats indifferently. These act as passive intermediaries 
and eaq:iers of the bacillus. P. pestis multiplies in the stomach of the 
retaining its virulence for over twenty days and is then passed out 
in the faeces, so that the flea serves not only as a carrier, but also as a 
multipli^ of the germs. Wu Lien Teh has shown that in outbreaks of 
human flea {Pulex irriians) may convey the 
EjaiiciHus direct from patient to patient without the intervention of the rat. 
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Especially convinoirig are the experiments of the 
Commission, which clearly showed that, if fleas are excluded, healthy 
rats will not contract the disease, even if kept in intimate association 
with plague-infected rats. Young rats may even be suckled by their 
plague-stricken mothers and remain healthy. It suffices to transfer 
fleas from a plague-infected to a healthy animal, or to place the latter 
ill a room in which plague rats had died recently and had been subsequently 
removed. The fleas that have left the body of the dead rats, remainmg 
in the room, convey the bacillus. An animal placed on the floor^cannot 
be infected, if the precaution is taken to surround the cage with tangle 
foot,” so as to keep off the fleas ; but if it be placed on the unguarded 



Fig. 49.— aj Flea viewed as a transparent object ; 
and stomach contain a mass of pli^ue-culture. 
obstructed by growth of plague-culture. 


the proventriculus 
by Flea’s stomach. 


CBS., Distended OBSopl.agasooatal,ungn^W^i 

This figure illustrates the method of traMmissioa^ P. i^^is by Cjr^p^ 

( By permisHon of Sir €. J. Martin, Jmm, of Hyg., Zrd Plague Supj^., Jan., ISW.J 


floor, either in its cage or allowed to ran about, or even if suspended 2 in. 
above the floor— a distance not beyond the saltatory powers of the ilea 

— it will become infected. , 

Martin and Bacot found that a proportion of the fleas fed on plague- 
infected rats develop a peculiar condition of stomach and msophaps, 
which become blocked with blood-clot containing a pure culffire of r. 
peslis. When such a flea feeds on a normal rat, part of 
iegorgitates and communicates infection; at the same time bacdh are 
passed in the faeces and may infect through any existing abrasion. They 
further observed that the “ blocked " fleas died very ra^ly, apparenfly of 
thSst, if placed in a warm, dry atmosphere (Pig. 49). There ib Wntly 
little difference between wild rodent and domestic rat fleas m the reatoess 
of infection. The life-span of the infected flea 
according to Eskey and Haas the average s^val is offiy 8-^0°* 

Under experimental conditions some squirrel fleas become blocked a 
readily as X. cheopis. 
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In temperate climates fleas are most numerous during the warmer 
weather; hence, summer and autumn are the bubonic plague seasons. 
In warm climates bubonic plague is most likely to become epidemic when 
temperature ranges between 10® and 30° C. — temperatures favourable 
to the multiplication and activity of the flea. Temperatures over 30° C. are 
unfavourable, especially if the atmosphere is dry. Pneumonic plague, not 
being spread by this insect, is not influenced by temperature in this way, 

The flea, then, communicates plague either by its fouled mandibles, 
by regurgitation, in the act of sucking, or by provoking scratching and 
consequent inoculation of the bacilli deposited in its faces. 

The capacity of a flea’s stomach is about | c.mm. and in most cases 
of human bubonic plague there are not sujfficient plague bacilli in the 
peripheral blood-stream to infect it with any regularity, except in the 
terminal stages of fatal cases. The “ cheopis index” is regarded as 
important by sanitarians, i.e., the number of fleas per rat. An index of 
over 5 is likely to produce an outbreak of bubonic plague. The human 
flea, Fulex irritans, which occurs in enormous numbers, especially in 
Morocco, may become infected ; but there is no convincing evidence to 
show that it ever plays a dominant part in the spread of plague. 

It has long been known that large tracts of country and important cities in 
India, such as Madras, have remained immune from plague, though in constant 
communication with plague -infected centres. In 1914 Rothschild and Jordan 
pointed out that the rat-fleas of Indian cities belonged to three closely allied 
species—Z. cheopis^ hrasilieneis^ and astia — and soon afterwards Hirst and 
Gragg discovered that in those districts, in which plague was uncommon, X. astia 
replaced Z. cheopis as the common ectoparasite of the rat. [From this and other 
experimental evidence it is now assumed that this species is unable to convey 
the plague infection in the same manner as Z. cheopis {see p, 1070). 

Bionoviics of tlie rat-flea . — In ordinary circumstances the rat-flea 
completes its developmental cycle in from fourteen days to three weeks, 
but in warm damp weather this may be shortened to ten days. It requires 
ideal tropical conditions for propagation.^ The average life of a flea, 
sejpaiated from its host, is about ten days, but it is capable of remaining 
alive without food for two months, should the temperature of the air be 
low. In tropical temperatures the insect can harbour the plague bacillus 
without feeding on blood for forty-five days. In Madagascar it has been 
shown that rat-fleas (X. cheopis) may survive in dust and spread infection 
long after the bodies of the defunct rats have disappeared. These fleas 
can survive in cotton goods. 

Ap^t from the very serious danger arising from vermin infected with 
chronic plague, which may hang about a house, the house itself does not 
retain the infection for any length of time. The Plague Oommission has 
shown that floors of eow-dung contaminated with P. pestis do not remain 
infective for more than forty-eight hours and that floors of “ chunanx” 
cease to be so in twenty-four hours. 
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live m the roofs of native houses usizallj fall down on to the floor when 
stricken with plagae. Leina and Hathaway (1947) have compiled a 
bibliography of fleas and their animal hosts; Ohabaud (1947) a list of 
rodents and fleas in selvatic plague. 

Pathology. — ^Affcer death from plague the surface of the body very jfrequently 
presents numerous ecchymotic spots or patches. The number and extent of 
these vary, apparently, in different epidemics. In some epidemics the cutaneous 
haemorrhages have been both extensive and numerous. The characteristic 
buboes are generally apparent ; occasionally there are also furuncles, pustules, 
and abscesses. Rigor mortis is usually moderate; sometimes post-mortem 
muscular contractions, like those in cholera, take place. Post-mortem rise of 
temperature is often observed. Decomposition is said to set in early. 

The characteristic appearance of plague in a necropsy is that of engorgement 
and haemorrhage, nearly every organ of the body participating more or less. 
There is also parench3rmatous degeneration in most of the organs. The brain, 
spinal cord, and their meninges are markedly congested, and there may be an 
increase of subarachnoid and ventricular fluid. There are numerous and pro- 
nounced puncta cruenta on the hrain sections ; occasionally there may be 
considerable extravasations of blood into the substance of the brain (mesen- 
cephalon and medulla oblongata). 

Ecchymoses are common in all serous surfaces ; the contents of the different 
serous cavities may be sanguineous. Extensive hsemorrhages are occasionally 
found in the peritoneum, mediastinum, trachea, bowel, stomach, pelvis of kidney, 
ureter, bladder, or in the pleural cavities. The lung frequently shows evidences 
of bronchitis and hypostatic pneumonia ; sometimes hsemorrhagic infarcts and 
abscesses are found. The right side of the heart and the great veins are usually 
distended with feebly coagulated or fluid blood. In pneumonic plague the 
superficial lymphatic glands are not enlarged; the pleural cavities contain 
blood-stained serum ; the infected lungs are deeply congested and cedematous, 
and at a later stage pneumonic consolidation is found. The bronchi contain 
blood-stained serum, and the bronchial glands are swollen and hsemorrhagic. 

The liver is congested and swollen, its cells are degenerated and may be 
the seat of miliary plague abscesses. The spleen is enlarged to two or three times 
its normal size. The kidneys are in a siiaiilar condition. The mucosa of the 
alimentary canal as a whole is congested, showing here and there punctate 
ecchymotic effusions and, occa.sionally, hsemorrhagic erosions, and even — especi- 
ally about the ileo-csecal valve — ^ulcerations. 

The lymphatic system is always involved ; around the glands there is much 
exudation and hsemorrhagic effusion, with hyperplasia of the gland-cells and 
enormous multiplication of plague hstoilli. 

Symptoms. Inculation pmod.— Symptoms of plague begin to show 
themselves after an incubation period of from 2-8, rarely 16 days. 

The average case of plagwe : prcdroinal stage. — In a certain hut small propor- 
tion of eases there is a prodromal stage characterized by physical and mental 
depression, anorexia, aching of the limbs, feelings of chilliness, giddiness, pal- 
pitations and sometimes dull pains in the groin at the seat of the future bubo. 

Pestis minor, or arnbulaiory stage. — ^Abortive or ambulatory eases of 
bubonic plague have been reported in connection with almost every 
true outbreak of the disease and in some constitute a high proportion. 
Joltrain reported several of these eases in the Paris outbreak of 1920 
and also in Algeria ; Leger described similar cases in Dakar and Eonqueraie 
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in Madagascar. Clinically these cases present mild, general febrile symp- 
toms with a bubo, and when that suppurates the temperature falls, and 
the patient recovers. The diagnosis may be difficult because the plague 
bacillus may be very scanty in the pus. The differential diagnosis has to 
be made from climatic bubo {Lymfliogranvloma venereiau). 

From the clmical aspect, plague in man can be divided into the following 
varieties : — (1) Bubonic (2) Septicaemic (3) Pneumonic and (4) Meningeal. 

Bubonic plague. — This is the most common form and constitutes 
about three-quarters of the total number. The incubation period is 
usually very short ; generally within twenty-four hours the characteristic 
bubo, or buboes, develop. According to Pollitzer (1945) it is possible to 
distinguish three varieties of bubonic plague : (1) well-marked bubonic 
infection not leading to secondary septicaemia, (2) bubonic affection 
followed by secondary septicaemia, (8) serious general septicaemia combined 
with slight affection of lymph glands. Generally (in 70 per cent.) the bubo 
appears in the groin, especially on the right side and affecting one or more 
of the femoral glands ; less frequently (20 per cent.) the axillary ; more 
rarely still (10 per cent., especially seen in children) the submaxillary 
lymphatic glands may be the seat of the bubo, while the tonsil may be the 
primary focus of infection. In rare instances cervical buboes may actually 
result. Buboes are usually single, but in about one-eighth of the cases they 
form simultaneously on both sides of the body. Very rarely buboes form 
in the popliteal, epitrochlear, or clavicular glands. Occasionally they 
develop simultaneously in different parts of the body. A curious point 
noted in North West America is that in squirrel-conveyed plague axillary 
buboes are common. Plague buboes vary very much in size. Sometimes 
they are not as large as a walnut ; in others again they may be as large as a 
goose’s egg. Pain may be very severe, but sometimes it is hardly felt. 
Besides the enlargement of the gland there is, in most instances, con- 
siderable pericellular infiltration and oedema. 

Stage oj jever , — The stage of invasion may last for a day or two without 
serious pyrexia, but usually it is much shorter, or it may be altogether 
absent. The disease usually develops abruptly, without a definite rigor 
or other warning, the thermometer rising rapidly to 103'' or 104°, or 
even to 107° P., with corresponding acceleration of temperature and pulse. 
The temperatnm usually falls after three or four days and then rises 
again. The skin is now dry and burning, with bloated face ; the eyes 
congested, sunken and staring ; hearing is dulled. The tongue is swollen, 
covered with thick creamy fur, which dries rapidly and soon becomes 
brown or almost black. Sordes form on the teeth and about the lips 
and^ nostrils. Thirst is intense ; prostration extreme, whilst from utter 
debility the voice is reduced to a whisper. Sometimes there is wildly 
fatuous delirium, or it may be of the low muttering type. 

Coma, convulsions — sometimes tetanic — retention of urine, subsultus 
tendmipp. and other nervous phenomena ensue. Vomiting is in certain 
cases frequent. Some patients are constipated, hut in others there 
is diatriic^v; The spleen and hver are usually enlarged. Urine is scanty, 
but rarely ^contains more than a trace of albumin. The pulse at first 
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full and bounding, in the majority rapidly loses tone, becoming small, 
frequent, fluttering, dicrotic and intermittent. In the later stages the 
heart is usually dilated, the first sound being feeble or absent altogether. 
Haemorrhages are seen on the mucuous membranes in severe cases. 
There is usually a polymorphonuclear leueocytosis. 

Stage of recovery . — In favourable cases, sooner or later, after or without 
the appearance of the bubo, the constitutional symptoms abate with the 
setting in of profuse perspiration. The tongue begins to moisten, 
the pulse-rate and temperature to fall, and the delirium to abate. The 
bubo, however, continues to enlarge and to soften. After a few days, 
if not incised, it bursts and discharges pus and sloughs — sometimes very 
ill-smelling. In rare instances suppuration is delayed for weeks ; whilst 
in some the bubo subsides after a few weeks, or perhaps months, without 
having broken down. The sores left by the buboes and abscesses of 
plague are extremely indolent and may take months to heal. Owing 
to contracture and fibrosis of lymphatic tissue, oedema of the leg on the 
affected side usually supervenes. Convalescence sets in some time between 
the sixth and tenth day, although it may be delayed for a fortnight or 
three weeks. 

Skin afectiom . — In a very small proportion of cases what are usually 
described as carbuncles, in reality small patches of moist gangrenous 
skin that may gradually involve a large area, develop on different parts 
of the integument. These occur either in the early stage or late. 
Sometimes they slough and lead to extensive gangrene. 

Kirk and Crawford have described a generalized papular rash on the 
hands, feet and pectoral region. Should life be coniinued sufficiently 
long, the vesicles become converted into pustules resembling smallpox. 
These observations confirm in a remarkable manner, as MacArthur has 
pointed out, the old writers who described manifestations, in the Plague 
of London of 1665, as “ blains.” 

Comj)lications . — Occasionally a pyaeinic condition, with boils, abscesses, 
cellnlitis, parotitis, or- secondary adenitis, succeeds the primary fever. 
During convalescence tragic sudden cardiac failure is not imcommon. 
Secondary pneumonic plague with blood-stained sputum may supervene, 
hut the patient may recover. 

Haemorrhages of different kinds are not an unusual feature of plague — 
ecchymotic effusions of a purplish or dull-red tint, varying in size from 
a hemp-seed to half an inch in diameter. These are found frequently 
in certain malignant epidemics. 

Abortion almost invariably occurs in pregnant women ; the foetus 
sometimes shows signs of the disease. 

Death may take place at any time. Usually it occurs between the 
third anfi fifth day, with symptoms of profound adynamia, heart-failure, 
or perhaps from convulsions, from coma, from internal haemorrhage or, 
later, from exhaustion consequent upon prolonged fever or suppuration, 
or from secondary haemorrhages. 

Septicaemic plague, or pestis siderans. — In this type there is no special 
enlargement of the lymphatic glands during life, although after death 
throughout the body they are somewhat enlarged and congested. The 
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high degree of virulence and the rapid course of the disease depend on the 
entry of large numbers of the bacilli into the blood, where they can be 
readily found during life. The patient is prostrated from the outset ; he 
is pale and apathetic ; there is generally little febrile reaction (100° F.). 
Great weakness, delirium, picking of the bed-clothes, stupor and coma end 
in death on the first, second, or third day, or, it may be, later. Frequently 
in these cases there are haemorrhages. 

It is probable that in many oases of bubonic plague there is some degree 
of septicaemia, and that in a minority of cases this may progress to the 
full septicaemic type, or may give rise to plague pneumonia. 

Pneumonic plague. — This occurs frequently in epidemic form among 
the marmot-trappers of Northern China, who live under very insanitary 
conditions, but may occur spontaneously wherever the bubonic form is 
found. It is especially dangerous to the patients, attendants, and 
visitors, because of the multitude of bacilli which are scattered about 
in the patient’s expectoration, because the clinical symptoms are unlike 
those of typical plague and are apt to be mistaken for some ordinary 
form of lung disease. The illness commences with rigor, malaise, intense 
headache, vomiting, general pains, fever, and intense prostration- In 
the early stages there may be little to suggest pneumonic plague, except 
the marked discrepancy between the almost negligible physical signs 
and the gravity of the patient’s condition. Cough and dyspnoea set 
in, accompanied by a profuse, watery, blood-tinged sputum. The sputum 
is not viscid and rusty, as in ordinary pneumonia. Prom the outset 
clouding of consciousness is very marked. Moist rfiles are audible at 
the bases of the lungs, the breathing becomes hurried, other symptoms 
rapidly become worse, delirium sets in, and the patient usually dies on 
the fourth or fifth day. This is the most fatal as well as the most directly 
infectious form of plague. A single spontaneous recovery has been 
reported from South Africa (Clark and Goldberg, 1948). Epidemics of 60,000 
and more eases have occurred in Manchuria, whe^e the plague bacillus 
exists as an intestinal infection in the marmot which acts as a reservoir of 
the bacillus. Pneumonic plague has been recorded from Nigeria, the Gold 
Coast, Ecuador, New Orleans and elsewhere. lu these countries haemor- 
rhage into the intestinal canal occurs in about 8 per cent, of plague-infected 
rats and the organism is passed out in the faeces ; in this manner the plague 
bacillus can bo disseminated in dust and inspired by man directly into the 
lungs. (Comal and Paisley.) Murdock believes that secondary plague 
pnetunonia occur in a proportion of patients with bubonic plague and 
that the disease is then spread by droplet infection and inhalation. 
Pnemnonic plague is exceedingly dangerous to nurses and others in contact 
with the parents. 
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by Williams from East Africa and by DeTignat from the Congo, by PolKtzer, 
Landsborough (1947) and others from Cknancliow, South China. Prom 
South America cases have been reported by Lastia and Eodeiro (1944). 
In all except the first named meningeal involvement was a complication 
of the bubonic form from the ninth to seventeenth days. In clinical 
features it rather resembles cerebro-spinal meningitis with painful head- 
aches, stiff neck and Kernig’s sign. Special symptoms are meningeal 
irritation, convulsions, vestibdo- cerebellar symptoms and coma. Primary 
plague meningitis is a pyrexial illness with meningeal irritation, from 
which P. festis is obtained by lumbar puncture. The cerebrospinal fluid 
is under pressure and yellow in colour closely resembling that of acute 
suppurative meningitis. The initial infection is probably due to droplet 
infection. The brain shows congestion and flattening of sulci and is 
covered with a thick fibrinopurulent exudate. 

Relapses. — ^Eelapses have been recorded in bubonic plague and are 
specially dangerous. 

Mortality. — The ease-mortality of bubonic plague varies in different 
epidemics. It usually greatest at the beginning and height of the 
epidemic. The death-rate may be anjdihing from 60 to 95 per cent, of 
those attacked. Much appears to depend on the social condition of 
the patient and the attention and nursing available. Thus, in a Hong 
Kong epidemic, while the case-mortality among the indifferently fed, 
overcrowded, unwashed, and almost unnursed Chinese amounted to 
93-4 per cent., it was only 77 per cent, among the Indians, 60 per cent, 
among the Japanese, and 18-2 per cent, among the Europeans — b. gradation 
in general correspondence with the social and hygienic conditions of the 
•different nationalities. In the South American epidemics and in the 
recent circumscribed epidemics in Europe the mortality was only about 
one-third of that in Lidia and China. Pneumonic plague is generally 
fatal in from three to four days. Yan den Berg and Yos report that in 
an epidemic in Java (1930) in 66 cases of plague the mortality was 76 
per cent. The sixteen who recovered had all b^n suffering from bubonic 
plague. The chances of recovery were somewhat better in men than in 
women. In this series there were 57 cases of bubonic plague, two of 
plague ulcers, 29 of septicsemie plague, and one of primary plague 
pneumonia. 

Dia^osis. — Fever and adenitis during a plague epidemic must 
invariably be viewed with suspicion, and particularly if the fever rapidly 
assumes an adynamic character. In the early stages diagnosis may he 
very doubtful, especially in pneumonic plague and in the countries of 
high filarial endemicity in which filarial adenitis is common. Blood- 
cidture was recommended by Quota, by inoculating blood into broth 
containing 1 per cent, of sodium citrate. Rosier stated that in Java 
splenic puncture is valuable in estabhshing a diagnosis and is not opposed 
by the native population. Junior and de Albuquerque described an 
aUergie skin test for which an emulsion of infected guinea-pig lymph 
gland is used. In Western America the differentiation of mild cases 
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of plague from tulariemia is important (p. 284). The discovery of the 
bacillus in the glands, blood, sputum, or discharges is the only thoroughly 
reliable test. Should a cocco-bacillus be found with the characteristic 
bipolar staining, it should be cultivated by Hafkine’s method in broth 
on which clarified butter (ghee) or coco-nut oil is floated {see p. 260). 
In case of doubt, animal inoculation should be used ; a little of the virus 
from the patient or a culture is rubbed into a shaven area (1 in. square) 
on the abdomen of a white rat or a guinea-pig. P. 'pestis inoculated iu 
this way kills the guinea-pig in seven days, the rat sooner and white 
mice in forty-eight hours. The latter may be inoculated at the root of 
the tail. 

Post-mortem indications of plague in the rat, — Before rats suspected of being 
plague-infected are handled, thej?^ should be immersed in disinfectant to destroy 
ectoparasites. 

The lymphatic glands should be first exposed. If the rat is infected, sub- 
cutaneous injection around the glands is generally recognizable. If the gland 
is itself inflamed, this is almost diagnostic of plague ; the liver will bo yellow, 
sprinkled with innumerable pinky-white granules. The spleen is enlarged, 
congested, and occasionally granular. The serous membranes are of dull lustre 
with petechial or diffuse haemorrhages. Serous or blood-stained serous effusions 
are present in 72 per cent, of such rats ; if, on microscopical examination of 
scrapings fcom glands or spleen, bipolar-staining bacilli are detected, the case 
is probably plague. Too great stress must not be laid on bipolar staining alone, 
as this feature depends somewhat on the method ; it is beat demonstrated by the 
Leishman eosinazur stain. P. pestis persists for a long period in the bone marrow 
of plague rats, even after putrefaction has set in. 

P. pestis, P. pseudotuberculosis rodentium, P. suiseptica and P. aviseptica closely 
resemble each other and are scarcely distinguishable by the usual cultural methods, 
but the latter two have no “ envelope substance,” though they have a common 
antigen with P. pestis. ISfone coagulates milk, but in agar P. pestis produces a 
more glistening membranous growth. P. psevdotvberculosis rodmtium produces 
a clear, yellowish growth on potato. On Drigalski medium it produces blue 
colonies : P. pestis reddish ones. P. pseudotuberculosis readily associates itself 
with the production of smooth and rough colonies with all degree of transitions 
between them. The smooth colonies show closest association to P. pestis 
and are the most virulent. P. aviseptica produces indol and does not reduce 
methyl red. 

The most satisfactory means of differentiation is animal inoculation. Rabbits, 
guinea-pigs, and white mice are susceptible to Pasteurella pseudotuherculosis, but 
white rats are not. The Indian Plague Commission laid stress on the latter 
point, as these animals are instantly kffled by P. pestis. These organisms belong 
to the hsemorrhagic septicaemia group. Gunnison and colleagues differentiate 
these organisms by bacteriophage. 

Rodent plague arid fleas . — ^In the investigation of rodent plague the inoculation 
into animals of pooled fleas is important. Cyanide gas is the best method of 
collecting fleas ffom rodents. The long bones of rodents may be sent to the 
laboratory for culture tests of marrow. 

D^erential diagnosis. — Bubonic plague has sometimes to be 
;(hstmgajshed from other affections associated with enlarged glands, such 
• at stiSBjjjtococ^ lymphograTmloma mrieremi, filarial adenitis, 

“ 'odetiiSLonally from an anthrax pustule. 
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In filarial and streptococcal infections lymphangitis tracks are usually 
visible, but in bubonic plague there is usually no visible sign of the primary 
infection. In glandular fever the cervical glands are as a rule primarily 
affected and there is an excess of heterophil antibodies in the serum (goat’s 
corpuscle test). 

G-eneralized pustular plague has to be differentiated from chickenpox 
or smallpox ; carbuncular plague may be mistaken for anthrax ; 
septicsemic plague may be confused with typhus and subtertian malaria. 
In the United States, North Europe and Russia, tularssmia may resemble 
plague. 

Pneumonic plague differs from other forms of pneumonia in three 
main characteristics : (1) The patient is extremely prostrated, although 
his critical state can hardly be accounted for by such physical signs as 
are present in the chest ; but by the time definite involvement of the 
lung can be demonstrated, he generally dies. (2) The sputum is watery, 
never thick, and soon becomes very blood-stained. (3) Pleural effusion 
is usually present in plague pneumonia. 

Treatment* — During the earlier stages, when headache and perhaps 
high fever are urgent, much relief may be obtained from ice-bags to the 
head and neck. If it be deemed advisable to attempt to lower the 
temperature, sponging the body every hour with warm water is a much 
safer measure than antipyrin and sinular drugs. If diarrhoea be present, 
Lowson recommended ice pills and an effervescing mixture containing 
morphia and hydrocyanic acid. Sinapisms to the epigastrium are useful. 
Given with judgment, morphia is by far the best hypnotic. Hyoseine 
(” 2 ^ to gr.) or chloral (20 gr.) and bromide of potassium (30 gr.) are 
of service for the same purpose. 

The buboes in the early stage may be treated with applications of 
glycerin and belladonna. Should they become red and inflamed, they 
must be poulticed and, when they soften, incised and dressed with iodoform. 
Indolent bubonic swellings should be treated with iodine liniment. The 
injection directly into the buboes of iodine and a solution of camphor 
and thymol mixed in ec[ual parts, in doses of J to 1 ml., according to the 
age of the patient, has been advocated. 

Serum therajpy. — ^Yersin, Calmette, and Borrel immunized a horse by 
intravenous injections of living virulent cultures and produced an effective 
antiserum. In septicaemic plague it must be given intravenously in large 
doses (100-250 ml.), and frequently repeated, but, to he effective, must be 
administered early in the course of the disease. Anti-plague serum has been 
tried in India. Dawson reported that in bubonic plague, in doses of 
30-40 ml., the results have been encouraging. Injections in and around 
the bubo were advocated by Bonebakker. E.V., an avirulent strain of 
P. pestis, is used for producing this serum. 

Snl^honamides. — Durand, Girard, Schiitze and others showed that 
certain sulphonamides, especially sulphapyridine, protect mice infected 
with plague, if combined with anti-plague serum. According to reports 
from India and America the combined therapy of immune serum with 
sulphonamides has obtained increasing support, but all are agreed that 

10 
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when septicseinia has occurred the outlook is serious. Sulphathiazole is 
advocated by the Haffkine Institute in Bombay — 10 grni. on the first and 
7 *5 grm. per day for a further four or five. A smaller dose can be given 
later with a concentration of 5-10 mgm. per cent. Jawetz and Meyer 
(1944) claim that the treatment of choice is obtained by the use of hyper- 
immune serum combined with chemotherapy. The serum is obtained 
from rabbits which have been given three intravenous injections of living 
virulent P. jpestis on alternate days. Nagle (1944) favours sulpliadmine. 
Altogether 180 cases of plague, differentiations of septicseinic from non- 
septiceemic, were treated in strictly alternate succession, 89 with sulpha-’ 
ihiazole and 91 with sulphadiazine. The mortalities were 38-7 and 21*9 
per cent, respectively. This should be compared with previous trial of 
iodine intravenously when the mortality of a comparable series was 58-1 
per cent. Sulphadiazine was administered in an initial dose of 4 grm., 
followed by 2 grm. four hours later and 1 grm. every four hours. The 
patient received 10 grm. the first day and 6 grm. on subsequent days. 
All serious cases received 2 grm. of initial dose intravenously. The 
patients were encouraged to drink 1,200-1,600 ml. of fluid daily. 

Streptonyoin exerts an action on P. pestis comparable with that on 
Br. tularensis. It has been tried out experimentally on mice and inhibits 
the growth of P. pestis in vitro in concentrations of three units. When 
injected subcutaneously in mice it gives an 85 per cent, survival rate in 
doses sufficient to kill 100 per cent, of control animals. It is also effective 
^47)™^ Q'^tifioially produced plague pneumonia in guinea-pigs (Herbert, 

The first two human cases were treated with streptomycin at Buenos 
Aires (1947) and though the prognosis appeared hopeless, the patients 
survived. This miraculous result has now been confirmed (1948) by 
Karamchandani and Eao (1948) in five moribund patients at Antapur, 
Madras. Streptomycin, 0-5 grm., was given intramuscularly six-hourly 
for 72-96 hours up to a maximum of 8-0 grm. Since that time recoveries 
even from pneumonic plague have been reported by Lewin and colleagues 
(1948) in doses of 1-8 grm, of streptomycin daily for 8 days, with a total 
of 24 grm. of sulphadiazine. On the ninth day the temperature fell to 
normal and plague bacilli could no longer be found in the sputum. 

Combined treatment. --'W&gle believes that sulphadiazine is the best of the 
sulphonamides, hut that streptomycin constitutes the most effective drug. 
Eecent reports indicate that a combination of these powerful drugs is the 
best. Wagle and Bedarkar obtained five cures in six patients suffering 
from pneumonic plague with intramuscular streptomycin (0-66 grm. every 
four hours), anti-plague serum and sulphameradne. 
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disease may extend to ten days, and that plague may affect certain of the 
lower animals as well as man. Ten days is the mioimnm period that 
should elapse from the time of departure from an infected place, the 
date of the last death, or the arrival of a ship or hatch of travellers with 
cases of plague among them, before granting free pratique. 

^ The eradication of rats from ships requires special measures. Sulphur 
dioxide may be used in concentration of 2 per cent., either as 3 lb. of 
roll sulphur or 4 lb. of liquid sulphur dioxide per 1,0CK) cubic feet. In 
the Clayton system, which has never been extensively used in British 
ports, sulphur is burned in a furnace and the gas propelled by fans through- 
out the ships. 

Hydrogen cyanide is being more extensively employed. Under proper 
supervision it is comparatively safe and has decided advantages over 
sulphur, as it does not tarnish metals or damage articles. Hydrogen 
cyanide diffuses slowly. Small amounts which may be absorbed are^ 
rapidly evolved and oxidised on exposure to air or during cooking. 
Hydrogen cyanide may be generated either by pumping liquid HCN from 
cylinders or by throwing glass ampoules into holds, or from outside by the 
Glen Liston apparatus. “ Discoids,” wood pulp discs saturated with 
J oz. HCif, may be used. Calcium cyanide dust (known in the trade as 
Caleid or Cyanogas) in a dusting apparatus will dislodge rats from deck 
fittings and lifeboats, or may be blown as a fine powder througli a rubber 
tube behind panellings. 

The proprietary article Zyklon ” consists of highly absorbent material 
saturated with lacrymatory gas. It is supplied in hermetically-sealed 
tins and after fumigation may he disposed of as refuse. 

The Nocht-Giemsa method of fumigation consists of a mixture of 
carbon monoxide and carbon dioxide generated from incandescent coke 
driven into the ship. 

Pot fumigation the ship is divided into sections each of which is measured 
by volume. Water-bottles and cabin water-tanks are emptied, moist 
food removed and mattresses turned on edge. All apertures are sealed. 
Danger boards are prominently displayed. Ships may be fumigated 
loaded or unloaded. A plague infected ship should be treated before 
unloading. 

When plague breaks out in a small village community, as soon as the 
disease is recognized, measures should be taken to prevent the inhabitants 
leaving the locality and thus disseminating it. There is little danger 
of this until the inhabitants become alarmed by a rapid extension of 
the disease. If possible, after the patients have been isolated in a special 
hospital, the village should be evacuated for a month. The safest and 
most thorough form of disinfection is by fire, and in an isolated village 
prompt burning of the infected houses is the surest method of stamping 
out the infection. The clothes and bedding of all patients should be 
burned. The dead should, with as little delay as possible, be buried in 
deep graves or cremated. Isolated observation camps should be organized, 
in wMeh “ suspects ” and “ contacts ” may be s^egated for a time equal 
at least to the incubation period of the disease. War should be waged 
against all rats and mice, and thek corpses burned. This is specially 
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important in rat-infested quarters of Eastern towns, bazaars, grain stores, 
go-downs, etc. 

In an outbreak in a town, it nmst be borne in mind that plague, once 
established in human beings, is communicable to others and to rats hy 
the expectoration, and by discharges frona the buboes or glandular 
swellings ; and that a plague in rats usually precedes plague in human 
beings. The main efforts should be directed towards destruction of rats 
by methods detailed on pp. 282-283. In addition, therefore, to prompt 
notification of plague patients, a system designed to obtain information 
on plague in rats should be instituted. Every rat destroyed must be 
bacteriologically examined. 

After death the rat is treated with Flit or soaked in lysol. Smears are made 
&om lymph glands, liver and spleen, and stained by Leishman. Broquet’s 
medium (calcium carbonate 2 ; glycerine 20 ; distilled water 80 parts) is a good 
^preservative for fleas and permits isolation of P. pestis after six days. 

For the detection of plague-infected houses, guinea-pigs, which do 
not harbour fleas as a rule, are turned loose in warehouses as convenient 
traps for rat-fleas. 

In India the compulsory inspection of all dead bodies before burial 
has been found a valuable measure for discovering infected houses and 
localities. 

Beslmction oj vemin and other measures in anticipation oj the introduction 
oj plague hacilli.—Tlhe campaign against rats is usually carried on by 
rat-traps and rat-catchers, and the cautious laying down of poisons such 
as arsenic, phosphorus, and baryta. As no one method is satisfactory, 
it is usual to employ several at the same time. The pumping of 8 O 2 
gas under pressure is useful for warehouses. So long as the sulphurous- 
acid gas is dry, and not used on damp articles, no damage is done to 
merchandise. Care has to be taken with damp things, as they may get 
discoloured. ^ 


Where possible, houses and^ warehouses should he made rat-proof— 
not an easy measure, considering the burrowing and climbing habits of 
^0 rat. Rattus norvegicus can penetrate ordinary lime-naortar or soft 
bnck, but is stopped by cement and concrete. Its burrows may attain 
a depth of 18 ia., but Battus rattv.s is not so aotiye in this respect. Simpson 
reoonmended that vails should be at least 6 in. thick, vhen made of 
h^d buck or concrete, and that they should extend to not less than is in. 
below the level of the ground floor, and the latter should be paved with 
concrete 3 m. thick, covered with J in. of cement. All ventilators should 
be protected with iron gratings, and aU openings around wires and pipes 
cemented. In New Orleans some warehouses are elevated, leaving a 
clear open space beneath: in others an impervious waU is built around 
the pound floor, penetrating 2 ft. into the ground. In a third, and a 
most effective type, the ground floor is laid out in concrete with a protective 

^ ft. into the ground. The mooring cables 
of ships should be shielded m such a way as to prevent egress or ingress 
all ga^ays should be taken up at night or when not in 
Native f (md-stores are, as a rule, set out on poles and can be protected 
fC<«tt.*at-mvaaM)n hy suitable wooden discs. Sprinkling chloride of lime 
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in the yicinity of the burrows has a deterrent effect. House improvement 
as an antiplague measure has been officially adopted by the government 
in Java since 1914 and, though costly to begin with, has proved economical 
in the long run. In some districts the principle of voluntary house improve- 
ment was adopted. No compulsion was exercised, other than official 
propaganda. The result is claimed as a complete success. Plague 
has disappeared and the population is contented. Compulsory inspection, 
condemnation of houses, spleen puncture after death in suspected cases 
and isolation of contacts are unpopular measures. 

In South A&ica rigorous measures have been adopted by the Health Department 
to prevent the spread of rodent plague ; it has endeavoured, apparently with 
success, to place a gerbille-free belt between the mountain range and the sea. 
Grangs, working under departmental rodent officers, employ two main methods — 
poisoning and gassing. The poisoning is effected by dropping strychnine- 
impregnated grain into gerbille burrows. Near homesteads, a Capex cartridge 
is lighted, plunged into a burrow and the opening closed with earth. Meyer 
has shown that methyl bromide, spra^^ed at the rate of 10 c.c. per burrow-opening, 
is efficient in controlling burrowing rodents and their fleas. Care, however, murt 
be taken in its application. 

Tro'pliylactic measures hosed on a consideration of tlie flea Jauna . — Should 
further research prove the inability of Xenojpsylla astia to transmit plague, 
it should be possible to divide a country into potential and non-potential 
plague zones by a survey of the rat-flea population. The energies of 
the Sanitary Department can by these means be focused on the danger 
spots- 

Gontrol of DDT and iTisecticides , — Spraying with water emulsion of 
DDT of waUs and ceilings of farmhouses and other buildings have proved 
efficient in control of rat fleas. Nicholson and others by dusting with 
DDT in the holes and haunts of rats have caused the reduction by 80 per 
cent of the numbers of Z, cheopis and other fleas. Hill, by dusting rat 
runs and hiding places in Georgia with 10 per cent. DDT in pyrophyllite, 
has shown that a significant reduction occurred in the numbers of X, cheopis 
and Leptopsylla segnis, Nicholson and Gaines (1950) could not detect 
any significant degree of recovery on the part of the flea population three 
months later. Within a week of application of 5 per cent. DDT powder to 
rat burrows and runs in shops, warehouses in S. Carolina, the fleas were 
almost completely eliminated from rats. Barnett in Malta places most 
reliance on reduction by poisoning with zinc phosphide, arsenioiis oxide, 
red squill and Antu {see p. 283). The method of prehaiting, followed up 
by poisoning with baits and poisons of known efficacy is essential. It 
is necessary to change both the bait and poison for “ follow-up treatments.” 

Personal prophylaxis. — All unnecessary visits, either to plague 
patients or plague neighbourhoods, should be, if possible, prevented. 
Attendants on the sick ought to take care that the ventilation of the 
sick-room is thorough, that cubic space is abundant, and that the utmost 
cleanliness is practised. Nurses must not hang over patients unneces- 
sarily ; they must also be careful to seal up and cover any wounds, no 
matter how trifling, on their own hands. Stools and urine must be 
disinfected, and hands frequently washed. To obviate risk from wounds 
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and to prevent the access of fleas, those engaged on plague duties should 
wear boots and have the legs protected by trousers tied tightly round 
the ankles or, better, by puttees. Leather gloves are advisable if there 
is much of furniture or of anything likely to abrade the skin. 

In the interests of public health it is imperative to isolate all oases of 
bubonic and septicsemic plague and their contacts. 

The attendants on pneumonic cases should provide themselves with 
masks of muslin, three- or four-fold, changed when at aU damp, and also 
with goggles to protect the eyes. In Mukden a mask of absorbent cotton- 
wool (16 by 12 cm.) enclosed in muslin, and retained in position by a 
many-tailed gauze bandage, together with goggles, rubbe' gloves, and 
cotton uniform, proved thoroughly effective. Evacuation of the people 
from insanitary and overcrowded dwellings and their installation in camps 
where better hygienic conditions can be arranged is imperative. Churches, 
schools and theatres must be closed. Cordons within the affected area, 
to limit the infection to a oircumsorihed portion, may assist. In pneumonic 
plague epidemics general inoculation with plague vaccine is advisable. 

Prophylactic inoculation. Maffkine^s inoculation consists essentially in 
the subcutaneous injection of six-weeks’-old cultures of plague bacilli incubated 
at 25-30° C. and killed by heat — 65° C. for one hour; carbolic acid 0-5 per cent, 
is then added ; up to 4 ml. is injected according to the size and age of the in- 
dividual. The Indian Plague Commission reported strongly in favour of these 
inoculations which furnish a protection that lasts about twenty months. Glen 
Liston stated that in the inoculated the incidence of plague was 8 per 1 ,000 of 
the population concerned, whereas it was 34 per 1,000 in the uninoculated in 
the same communities ; the case-mortality in the inoculated was 39 ’6 per lOO 
attacked : in the uninoculated 78 per lOO' Tlie best results are obtained from 
a two-months’ growth of P. pestis which has been stored about eighteen months. 
It needs great care in its preparation. Its storage in hermetically sealed bottles 
should he insisted upon, and every bottle ought to be tested before use. The 
resulting reaction is sometimes severe. The efficacy of the vaccine depends 
upon the virulence of the bacilli composing it ; cultures made from non- virulent 
strains are useless. The potency of plague vaccine is enhanced by the incubation 
of plague cultures at 37° C- in place of 26° 0. 

So far, Hafifkine’s prophylactic is the one most frequently used and gives 
the best results. In 1927, 90,000 inoculations with plague vaccine prepared 
at the Entebbe laboratories were administered in Uganda. As an index of its 
efficacy it was noted that amongst 232 cases subsequently attacked by plague 
the recovery-rate was 40 per cent. 

Those in attendance on plague patients should receive 20 o-c. of Yersin’s 
anti-plague serum, and 3 o.c. of Haffkine’s vaccine on the same day ; ten days 
later a second dose of vaccine should be given. Attendants should wear lysol- 
impregnated gowns fastened at the wrist, ankles and neck, rubber gloves and 
g^-boots. They should not shave, but they should disinfect themselves and 
tMir doibes daily. 
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better immunity with this living vaccine than that obtained with dead 
cultures. Otten’s method was commenced in 1935 and up to 1939 total 
injections numbered 9,286,237. Excellent results have been obtained 
and the present decline in the epidenaic is attributed chiefly to this vaccine. 
The mortality in the vaccinated fell to about 20 per cent. It has been 
proved possible to obtain a plague strain with combined properties of 
avirulence and immunogenic power. These two properties do not neces- 
sarily coincide. Vincke and Janssens (1944) tested the efficacy of inocula- 
tion with the living E.V. vaccine as a protection against virulent strain 
of P. pesiis isolated locally with vaccine doses of 1,000 million to 2,000 
organisms, and immunity was conferred in 97 per cent, of the series of 
guinea-pigs, whereas with Haffkine’s vaccine the figure was only 12*5 per 
cent. Girard reported upon similar results obtained with his living vaccine 
(E.V. strain) in Madagascar. Passa recorded that in that island cases of 
plague fell from 3,493 in 1935 to 918 in 1937. Van Hoof used this 
method extensively in the Belgian Congo. 

Desceiption of the Commonbe Species op Eats concerned in tee 
Spread op Plague 

The spread of plague and epizootics amongst rats seems to be primarily 
by the fierce B. mroegicm. The more delicate S. rattus receives its infec- 
tion from the former, the sewer rat. Both these species are pestigenie. 
Whm the rat dies the fleas desert the body and seek a new host ; thus if a 
sewer rat {R, nonegms) dies in the basement, the fleas attach themselves 
to the black house rat (2?. rattiis), and are spread to human beings. 

Terms employed . — ^Rodents which are capable of being infected with plague 
are divided into pestiferous ssid.'pestigmio ; thus the common mouse is a pestifer, 
hut is not ordinarily a transmitter. Sdmtic (or sylvatic) plague is the plague of 
the hinterland. In North Africa, for instance, plague of the “ bled ” of Tunisia 
has been regarded as selvatic and due to desert rodents ; further south in the 
Sahara a mouse {Psammomys rondairei), though predominant and a very sus- 
ceptible animal, has hitherto not been affected. 

An intimate knowledge of the appearance and habits of the many 
species of rats is hardly necessary to the tropical specialist ; considering 
the important rdle several species play in the spread of plague he should, 
however, be able to identify the more domestic varieties. For this purpose 
the following Table, contributed by M. A. C. Hinton, will be found useful : 

Rattus rattus, Linn. — ^The black rat. Build slender ; muzzle sharp ; ears 
large, translucent, cover eyes when folded down ; tail usually long, never much 
shorter than head and body ; coarse hair on rump ; hind foot (heei to tip of 
longest toe, without claw) 35^0 mm, ; weight of adults rarely more than 8 oz. 
Indigenous, wild, more or less arboreal in Indo- Burmese countries. In tropics 
generally dominant domestic rat in houses and ships. The chief domestic 
races are distinguished as follows : 

A. Back reddish or greyish-brown. 

a. Under parts pure white or pale lemon. M. r.fnigivorus Raf. (—tectorum). 
Common in Mediterranean region. R. r. hijabius. Uganda. 

5. Under parts darkened. 

a^. Ventral hairs with rusty tips. -R- r. rufescens Gray. Common 
rat of Indian houses. 

5^. Ventral hairs without rusty tips. R, r. cdexandrinus Geoff. 
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B. Back black; under parts dusky or slate-grey. R. r. raUm Linn. 
Essentially a domestic form which has been evolved in cold temperate 
countries. 

N.B.—The black rat tends to be brown in the tropics. 

The forms frugivovus, cdexo/ndTinws, and toUus have now acquired, an almost 
world -wide distribution ; frugivorus is the least, ratkis the most modified race. 
These are climbing rats, common on ships ; frequent in dwellings in warm 
countries, and not shunning man ; they are of especial importance as plague- 
carriers ; attain sexual maturity early (min. weight sex-mature = 70 grm.) ; 
breed throughout the year ; gestation about 21 days, but with concurrent 
lactation about 31 days; litter of from 4 to 11; average litter 6 or 6. 

Rattus norvegicus, Berkenhout (=decumanus).— The brown, grey or 
sewer rat. Robust ; muzzle blunt ; ears small, opaque ; tail noticeably shorter 
than head and body ; fine hairs on rump ; hind foot 40 to 45 mm. ; weight of 
adults commonly 17 oz., often much more ; colour brown or grey above, silvery 
below. A melanic form (often confused with R. rattus) quite common. 


Rat Destruotion (DERATiZATroN) 

Terriers may be used, the rats being driven out of their holes by flooding 
from a watercart. Cats are useful, but they are susceptible to plague. Traps of 
all description are of value, and rats readily enter a funnel-shaped trap showing a 
light at the far end. Runs may be made with double closing doors, or gins or 
nipper traps may be placed in the path of rat-runs. One man can attend to 
100 to 200 traps a day. In towns and ports where plague exists, 40 to 60 traps 
should be set per day per 1,000 inhabitants. Rats which are caught alive must be 
asphyxiated and then combed for fleas. The flea is placed for twenty -four hours 
in pure phenol to make it transparent, so that species and sex may be determined. 
The total number of fleas divided by the number of rats gives the “ flea-index.’* 

One of the modern methods of rat destruction is the use of lithographic varnish 
or “ ratsticker.” The varnish is spread on a hoard in a place frequented by 
rats, with a piece of cheese or other material as a bait. On coming into contact 
with this substance, the rat becomes hopelessly entangled and its squeals attract 
other rodents to the rescue, so that they in turn become trapped. Rat traps 
should not he handled, except with gloves. They may be covered with mud, 
or anointed with oil of aniseed, which removes the human smell. 

Baits.— A good bait is one which differs from food usually found on the 
premises. In fish shops, meat, cheese or bread should be used. In grain stores, 
bloaters, cheese, etc. Dry bread is always acceptable, while oatmeal and tallow 
can also be used. It is said in the tropics that tomato is specially tempting. 

Poisons . — JSquill {red squill) pancakes are made with beef dripping to which 
has been added 20 per cent, of finely chopped Urgiuea maritima (red variety). 
The pancakes are cut into baits each J-inch square. Various squill preparations 
are on the market. Squill is mixed with equal parts of milk, and 8 lb. of bread, 
soaked, for every gallon of solution. The toxic dose for a rat is 1 *3 ml. of a liquid 
extract. Its action on the rat is slow ; the first symptoms being excessive pxuging, 
thirst, and general discomfort, followed by paralysis and convulsions. Death 
is hastened by drinking. The ground-up bulbs make the best bait. On the 
basis that a rat eats one-tenth of its body -weight every 24 hours, each bait 
should consist of 60 gr. In autumn female rats are especially attracted by these 
methods. Powdered squill is quite dangerous to handle, and liquid extract is 
the safest preparation. 
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Barium carbonate^ 1-2 gr. kills a rat. Cats and chickens can stand 10-15 
gr., whilst dogs can take 100 gr. This poison drives rats to seek water so that 
they die in the open. A 10-50 per cent, mhcture of barium carbonate with 
fatty basis {i.e. tallow) forms one of the safest and most effective poisons. 
“ Zelio ” paste, or poisoned grain (Bayer), in which the grain is thoroughly 
soaked, is said to be absolutely tasteless and readily eaten by rats. The bait is 
set at night and removed in the morning. After touching the poisoned bait the 
hands should be washed. 1080, is the name of a proprietary preparation which 
is now being used with great success in the Americas, especially in Panama. 

Zinc phosphide^ 2i per cent, in sausage-rusk, or the appropriate bait, is most 
effective after prebaiting with unpoisoned bait. Highly poisonous to man. 

Thallium sulphate is a heavy metal, and is a slowly acting poison for control of 
rats and field rodents. 

Antu (alpha -naphthyl-thiourea) is a light grey powder insoluble in w’ater, highly 
stable. Toxic especially to sewer rats in concentration of 1-1 -5 per cent., less 
so to Alexandrine and black rats. Can he used as dust on runways or pumped 
into burrows in a mixture of 20 per cent. Antu, 2 per cent. DDT and 78 per cent, 
pyrophyllite. Controls rat fleas as well as rats. 

Effective, but dangerous to stock. — (a) Strychnine and barium — Battle’s yermin 
killer. (1) Arsenic and barium — “Rough on Rats.” (c) Phosphorus — “Ex- 
termo,” “ Eodine,” “ Farmer’s paste,” “ Roth’s paste ” and “ Sandford’s paste.” 
In Hawaii a banana -phosphorus bait is said to be effective. Cyanide preparations 
are better than trapping or baiting, because they also destroy fleas. 

Partly effective but dangerous to man , — ^The virus of Danysz and similar viruses, 
which are bacillary in origin, vary very much in lethal effects and have been 
known to cause “ choleraic ” symptoms in man. In the tropics they require 
frequent subculture. 

Cultures , — Danysz virus and other bacilli have been used with the object 
of causing epizootics in these rodents, but they have not been successful on 
the whole. In South Africa similar attempts have been made to extirpate 
gerbilles, by an organism known as the Tiger River disease (B. mcmcytogemes) 
(E. G. Murray), and this has been partially successful. 

Various poisons for use in selected cases. — {a) Arsenic, 20 per cent, with meal. 
(b) Dish of oatmeal mixed with sugar, grated Parmesan cheese, and a small 
quantity of strychnine, (c) Dish of chicken heads. A pinch of strychnine 
should be placed in each neck with a drop of blood. 

Toxic gases . — Calcium cyanide, sulphur dioxide, methyl bromide, carbon 
monoxide (from automobile exhausts) forced into burrows. 

Geound Squirrel and Rodent Control 

(California and S. Africa) 

General measures: (1) poison bait, (2) poisonous gases, (3) trapping, 
(4) shooting, (5) exclusion, and (6) encouragement of natural enemies 
(Storer). A poison, 1080, is used for ground squirrels and “ prairie dogs ” 
— 1-2 oz. in 100 lb. of grain act best. 

Gassing with carbon bisulphide is highly effective. Strychnine-coated 
barley is made as follows (the bitter taste being delayed hy these means): — 
Barley 16 quarts; strychnine 1 oz.; sodi bicarb 1 oz.; starch paste f pint; 
corn syrup J pint; glycerine 1 tablespoonful; saccharine oz. In 
California and Western U.S.A. the abundance and variety of rodent fleas 
found in the nests of the burrowing owl {Speotyto cunicularia) suggests 
that this bird is a host and carrier of plague-infected parasites. 
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TULAR^gEMIA 

Synonyms. Deer-fly Fever ; Pahvant Valley Plague ; Rabbit Fever ; 
Ohara’s Disease. 

Definition. — Tularaemia is a specific infectious disease of rodents, 
caused by Brucella {Pasteurella) tularensis, and is transmitted from 
these animals to man by the bite of infected blood-sucking insects, or 
by the handling or dissection of infected jack-rabbits and other rodents. 
Prom group agglutination tests it now appears that Br. tularensis is closely 
allied to the Brucella^ group, but has epidemiological rcdal.ionship to 
plague, as both are primarily diseases of rodents convoyed to man by 
biting insects. 

Epidemiology and endemiology.— In American endemic areas the 
disease is most prevalent in the months of June, July, and August, when 
it is conveyed by a blood-sucking fly, Clmjsops discalis, from one infected 
jack-rabbit to another. In Scandinavia and in Northern Europe most 
cases occur from July to October ; in Southern Europe and Asia Miuor 
from June to August. Tularaemia is a disease of the rural population, 
particularly field workers, but it has also been recorded among dealers 
in rabbits who handle infected jack-rabbits, and those who prepare their 
skins for market. In 1924 Parker and Spencer found that the tick 
Iflermacentor andersoni) could act as a host and as vector of the disease 
in man and in rodents, and demonstrated that hereditary transmission 
takes place in it. They further showed that the rabbit tick (Hcemaphysalis 
leporis-paLiistris) acted as a vector from one rodent to another. Olin 
studied a serious outbreak of 115 cases in Sweden in 1937 which occurred 
especially among peasant women, who in summer-time go bare-footed 
md who are stung by numerous mosquitoes, and he considered that these 
insects may act as vectors. Although in the main an insect-borne disease, 
it may be water-borne. Lemming fever ” in Norway is tularsemia due 
to dunking water polluted by bodies and excreta of lemmings. In 
Montana, U.8.A., streams are similarly contaminated by beavers, and in 
Wyoming these animals have been found dead in large numbers from 
Br. tnlare^isis infection. Ingestion tularremia is contracted by eating in- 
sufficiently cooked flesh of an infected animal. 

^Etiology.— Br^ceZJa tularensis is a small non-mo tile, Gram-negative 
organism, measuring 0-3-0 -7 /i in length ; when stained in the tissues 
it gives the appearance of being surrounded by a capsule. Though 
normally occurring^ as a rod-like structure, it frequently assumes a 
coccus shape. It stains best in tissue preparations with Giemsa’s stain, but 
in smears from cultures it shows up well with aniline gentian-violet. On 
account of their small size some of the organisms pass through the coarser 
bacterial filters. 
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The organism is difficult to cultivate ; it will not grow ou plain agax or in 
bouillon, and, until recently, had been cultivated only upon the coagulated 
yolk of hen’s eggs, but Trancis succeeded in producing an abundant growth 
upon serum-glucose-cystine agar. The cystine medium is inoculated with the 
heart’s-blood of the infected animal, or a small piece of the liver or spleen is 
rubbed on the surface and allowed to remain in contact with the medium. 
Growth appears about the third day, and flourishes luxuriantly on subcultures 
without the addition of fresh animal tissue. To ensure the primary growth, 
it is necessary that a piece of animal tissue be added to the medium. Fermen- 
tation of glucose, Isevulose, maltose and glycerine occurs, with acid formation. 

Composition of cystine agar . — Cystine agar consists of beef-infusion agar, 
having a pH of 7*6, to which 0*02 per cent, of cystine is added, after which it 
is sterilized for fifteen minutes in a steam sterilizer, and subsequently incubated 
for twenty-four hours to ensure sterility. 

Cultures of Br. tularensis are extraordinarily infectious, and should be handled 
with great care. 

In its serum reactions cross-agglutination occurs in connection with Brucella 
mditensis and Br, abortus. About 23 per cent, of tularaemia sera do so, and 
about 35 per cent, of undulant fever sera agglutinate Br. tularensis to some 
degree. Concentrations of the organism are best obtained from emulsions made 
from the spleens of infected mice or guinea-pigs. 

The organism is pathogenic for guinea-pigs, rabbits, white rats, mice, 
ground-squirrels (Citdlus heeclieyi), gophers {TJwmomys botice), and Macaca 
monkeys ; while brown rats {M, norvegicus)^ horses, calves, pigs, goats, 
cats, dogs, fowls and pigeons are found to be refractory. The organism 
can be transmitted by Chrysops discalis, as well as by the stable-fly 
Stmnoxys caldtrans, the bed-hug, Cbnex hctularius, the squirrel-flea, 
Ceratophyllus acvins, the rabbit-louse, Hcemodipstts ventricosus^ and the 
mouse-louse, Polyplax serratus. 

Ticks can also act as vectors — i,e, JDermacenior andersoni, D. variabilis, 
D. occidenialis, Ixodes ricinus, var. calif ornicuSy Banks, and the rabbit 
tick {Ecemaphysolis leporis-palustris). Four species of mosquito, Aedes 
and ilieobaldia, have been shown to transmit B. tularensis under experi- 
mental conditions. In Sweden Aedes cinereus does so in nature. 

Bermacentor andersoni is particularly important, Br. hdarensis being 
found in the intestinal lumen, in the cells of the gut wall, in the body 
fluids, and in the faeces. The organism is harboured throughout the 
winter months and infection is transmitted to the eggs of the tick. 

The disease occurs as a natural infection in wild rodents, especially in 
rats, field mice, hares and rabbits. Burroughs, Holdenfried and others 
have given a complete list (1945). In the United States : The wandering 
shrew, grey fox, dog, cat, various ground squirrels (Pirote, Wyoming, 
Beechey’s and Columbian), the chipmunk and the beaver, woodrat, 
white-footed mouse, meadow mouse and varieties (the Sawatch and Tule), 
musk-rat and Norwegian rat, the varying hare, the jack-rabbit, black- 
tailed jack-rabbit, cotton-tail rabbit, sheep and calves. The following 
birds also : Euffled grouse, sharp-tailed grouse, sage hen, bobwbite quail, 
horned owl. In Canada: Eichardson ground squirrel, Osgood’s white- 
footed mouse, Drummond meadow mouse, varying hare and white-tailed 
jack-rabbit, Bianklin’s gull. In Sweden : The lemming, varying hare. 
In Russia : The dog, little ground squirrel. Steppe lemming, water rat, 
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hamster, continental vole, large water vole, house mouse and long-tailed 
held mouse. In Turkey : The continental vole {Microtus aruicola), house 
and harvest mouse. In Aicstria, Czechoslovakia and Poland: Rabbit 
and hare. In Tunisia : The rabbit, and in Japan the local rabbit (Lepus 
hr achy unis). Undoubtedly in America the most important reservoir of 
infection is the jacli-rabbit and its cogeners. 

Man is extremely likely to contract the disease from animals, conse- 
quently laboratory infections are very frequent. 

The nasal secretion and the urine of infected mice and rabbits are 
infective for other animals. 

Pathology. — In animals there is usually a fatal septicaemia. The 
pathological appearances of infected guinea-pigs and rabbits at autopsy 
much resemble those of plague in the same animals. In an experimentally- 
infected guinea-pig there is haemorrhagic oedema at the site of inoculation. 



Fig. 50. Tularaemia. Section of liver showing aggregation of 
BruceUa tularensis in hepatic cells. 

{After Prof. R. P. Strong.) 


with l)Iood-stamed_ peritoneal exudate, and diffusely enlarged spleen, in 
which characteristic small^ necrotic foci can be found. Similar lesions 
may be detected in the liver ; on microscopic section of these orc^ans 
a dense miiltration with polymorphonuclear cells can be found, but‘"tlie 
organisms can with difficulty be detected (Kg. 50). In the spleen of the 
mouse, on the other hand, little or no leucocytic response occurs ; and 
when stained with Twort’s light-green neutral-red stain, Br. tularensis 
can ibe readily demonstrated in large numbers.' In the few recorded 
fatal cases in man nodules have been found in the lung and spleen. 


Symptoms.— The incubation period appears to be from one to ten 
aays. _ Unrecognized cases of tulartemia are probably common in the 
endemic areas, for it may occur as a generalized disease without local 
leaoM, or local lesions may be present with secondary lymphadenitis, 
which may not cause grave constitutional disturbances. As a rule, in 
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the cases 'which have been so far recorded, a definite fever is present. 
The onset is sudden, with headache, hachache, and fleeting pains, remark- 
able lassitude, and pyrexia which may last for three weeks or more ; 
the extreme range of temperature is about 104° F, The pyrexia may 
subside to normal, or nearly so, from the third to the sixth day. The 
pains commence at some particular point and persist for two weeks to 
a month, though localized ones of greater or lesser degree may recur for 
the succeeding twelve months. Epistaxis and dizziness are common ; 
weakness and lassitude persist for weeks after the pyrexia has subsided 
and it may be months before normal health is restored. The spleen is 
not palpable. Typhoidal tularaemia has been observed in about 5 per cent, 
of cases. 

Such is the description of the generalized disease as it is met in man. 
When infection results from inoculation, the effect may be- purely local ; 
an inflamed papule occurs at the site, with secondary lymphadenitis. 
After the bite of an infected chrysops, or other fly, on some exposed surface 
of the body, the onset is sudden, with pains and fever. The initial ulcer, 
which may develop within 48 hours, presents a process of diffuse necrosis 
with infiltration of the base. Sometimes subcutaneous nodules resembling 
sporotrichosis appear on the anterior and posterior aspects of the forearm 
and along the lymphatics bet 'ween the ulcer and the regional glands. 
They are firm, movable, tender and 4-10 mm. in diameter. The 
patient may be prostrated and have to retire to bed ; the lymph-glands 
draining the bitten area subsequently become inflamed and swollen and 
suppuration may occur. Subcuticular roseolar rashes on the body and 
arms are sometimes observed in \7estem America. Nodular and pustular 
lesions have also been recorded. 

Three cases of laboratory infection of tularaemia have been recorded 
in England. Though the debilitating effect is very marked, only one 
death, in a series of seven cases reported from Utah, has been recorded, 
and this took place from apical pneumonia. There is, apparently, a 
lasting immunity in man. There is no record of a second generalized 
attack, though, as in Francis himself, a local re-infection may oecur.^ 

Infections of the eye and conjunctiva, causing acute conjunctmtis, 
were recorded by Vail, Lamb, and others. In America, an ocular- 
glandular process is well recognized. The primary lesion is of the con- 
junctiva and there is a regional lymphadenitis of the head and neck. 
Severe conjunctivitis results, 'with chemosis and oedema of the lids and 
surrounding tissues. There is now little doubt, as pointed out by Herren- 
schwand (1935), that “ Parinaud’s conjunctivitis,” first described in Paris 
in 1889, is none other than ocular-glandular tularaemia. Paiinaud 
recognized that it was infectious and that it was associated in some 
manner 'with animals. It is characterized by the granular condition of 
the hds, with chemosis of the conjunctiva, inflammation and enlargement 
of the pre-auricular lymphatic glands. In 1917 and 1918 Herrensehwand 
observed two ojases in Austrian soldiers, and isolated a bacillus pathogenic 
to guinea-pigs (undoubtedly Bt, tularensis); a small portion of a culture, 
accidentally dropped into the canthus of the eye, immediately produced 
typical conjunctivitis. 
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Diagnosis,— This disease is most readily reproduced by inoculating 
material from the patient’s ulcer, or gland-juice obtained by aspiration, 
into guinea-pigs, mice, or rabbits, thereby producing generalized tularsemia 
in these animals, from whose tissues the organism may be isolated on 
special media. The organisms are rarely present in the blood of human 
cases. Agglutination tests can readily be performed; the serum of 
patients suffering from the disease will agglutinate suspensions of the 
organism in high dilutions but. as pointed out by Ledinghain, where 
cultures of Br. tulamisis cannot be obtained, the spleens of infected mice 
contain the organisms in such large numbers that an emulsion in fot- 
malinized citrate solution may be used instead. Agglutination occurs in 
the second week, reaching its maximum between the fourth and eighth 
weeks, when there is a gradual fall, but it may persist for eleven years. 

It has been ascertained that a cross-immunity frequently co-exists between 
tularsemia and the undulant fevers.^ Calder stated, too, that tularaemia serum 
agglutinates Prottus 0X19 in a dilution of 1 : 80 and over in 13'5 per cent, of oases. 

An intradermal test with a suspension of killed organisms has also 
been introduced. 

The differential diagnosis of this condition has to he made from plague 
and from rat-bite fever. In both cases alike it depends upon the recogni- 
tion of the respective specific organisms. 

Treatment.— The patient should he kept in bed for several weeks 
after the subsidence of the fever. Convalescence should be prolonged. 
The inflamed glands should be dressed with a saturated aqueous solution 
of magnesium sulphate. Incision is inadvisable, unless suppuration is 
observed. 

Sireptomydn (see also p. 276) has a wide and intense potency in animals. 
In contrast to penicillin it has a maximal action on Gram-negative bacteria. 
Of all the infections of man in which streptomycin has been tried out it has 
the maximal effect in tularaemia. Intramuscular injections are given at 
intervals of three to four hours. The benefit is striking and 1 grm. daily 
for seven days will terminate the disease when of average severity. Out 
of 67 so treated there were 63 recoveries (Bepart of Anm. Mei. Ass., 1946). 

Prophylaxis. — ^Prevention depends in part upon the avoidance of 
contact with infected rabbits in the endemic area. The dangers of 
experimental work with Br. tularensis in the laboratory have already been 
sufficiently emphasized. The prevention of the disease, from the public 
health point of view, is by no means easy. Sick or dead rabbits must be 
handled with great caution and rubber gloves must he worn by laboratory 
workers, marketmen, cooks, etc., in view of their great liability to infection. 
Cooking destroys the infection, as does also prolonged freezing. 

1 Oonfirmlng that JP. tularensis is, in fact, Brucella tularensis. 
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MELIOIDOSIS 

Synonyms. Stanton’s Disease ; Pneumo-enteritis ; Pseudocholera. 

Definition. — This is a rare, glanders-like disease occurring in Burma, 
the i\Ialay States and Ceylon. A fe^ isolated cases have been described 
elsewhere, including Europe. The name melioidosis was suggested by 
Stanton and Fletcher in order to describe its close relationship to glanders 
used by x\ristotle for a “ distemper of asses ” and elBos = form). 
Melioidosis has many resemblances to tularaemia, both as diseases of 
rodents accidentally attacking man. 

.^Etiology. — PJeifferella ichitmori (sometimes known as AcfinohacilliLS 
pseudoDiaUei) closely resembles P/. nallei ; it is a small bacillus about the 
same size and shape, and occurs in very large numbers in all acute lesions 
of the disease. In films stained by Leishman’s method, bipolar staining is 
very common. Aeid-fast granules, decolourized by alcohol, were described 
by Mayer and Finlayson (1944). On culture also it resembles the glanders 
bacillus very closely, but is more actively motile and liquefies gelatin more 
rapidly. It grows luxuriantly upon peptone agar, forming a dense wrinlded 
culture, especially when the medium contains glycerin. A peculiar 
aromatic odour is given off, though on repeated subcultures this appearance 
is lost. On broth cultures a pellicle is formed. Brown, Duncan and Henry 
have shown that Pf. uhiimori can he distinguished from P/. mallei by its 
behaviour on a peptonized medium containing 1 per cent, sodium fumarate. 
This organism is pathogenic for most laboratory animals ; for guinea-pigs, 
at any rate, the infection, is more rapidly fatal than glanders, but in each 
case, in the male, acute orchitis is produced on intraperitoneal injection — 
the so-called Strauss reaction. Penicillin-treated plates are useful for 
isolation of the organism when other contaminants are present. 

Susceptible animals can be infected by scarification, by feeding or by 
simple application of cultures to the nasal mucosa ; a characteristic feature 
in infected animals is discharge from the nose and eyes. 

The organism is excreted in the urine and faeces of infected laboratory 
animals, while several cases of natural infection, especially in rats (Mus 
griseiventer, Bonhote), cats and dogs, have been observed. In 1927 the 
first ease was reported in a horse from the Malay States, when the baeillns 
was isolated from nasal pus. 

Pathology. — The lesions vary very considerably. Numerous small 
pulmonary abscesses, roughly resembfing those of miliary tuberculosis, 
are produced. Nodules which coalesce and break down into abscesses 
are found in the liver ; they somewhat resemble those of portal pysmia, 
and have to be distinguished from amoebic abscesses. The organisnas 
have been recovered from the blood, urine, sputum, and finid 
from cutaneous vesicles of patients dying from the disease. In 
laboratory animals, artificially infected, small nodules form in the 
internal organs. 
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Symptoms. — The accounts so far published of the symptomatology 
are meagre. The first cases observed by Stanton in 1917 were suffering 
from an acute diarrhoea, with collapse roughly resembling that of cholera 
and it appars that several patients who recovered from the initial intestinal 
attack died later from a form of septicaemia with pulmonary lesions 
resembling tuberculosis. During 1921 a few more cases were encountered, 
with similar symptoms. Only two are known to have recovered. There 
is usually a high remittent and somewhat irregular pyrexia. Delirium 
and mania appear to be frequent terminal symptoms. What appears 
to be a chronic form of the disease is also recognized ; in this the lesions are 
found in the skin and subcutaneous tissues, leading to cutaneous abscesses 
and collections of pus in the liver, lungs, and spleen. The initial signs 
may be those of acute parotitis. Pive cases occurred in West African 
soldiers in Burma during 1946 md have been studied by Harries and 
colleagues (1948). They ranged in severity from a fulminating disease to 
one of slow suppuration in localized abscesses. A peculiar case has been 
reported in England (1943) by Grant and Barwell in a soldier who had 
served in Malaya. A latent period of three years elapsed between possible 
infection with Pf. wliitmori the onset of clinical manifestations. The 
case was characterized by parotid swellings, abscesses, osteomyelitis of 
frontal bone, perispinal abscesses and bronchopneumonia. A second and 
almost identical case was diagnosed in a British soldier in South Africa in 
19^. He had served in Singapore (Mayer and Pinlayson) one year and 
eight months previously. ^ This patient did not react positively to injection 
of 0*2 ml. of 1 : 10 dilution of mallein. An afebrile case with cervical 
adenitis, with ultimate recovery in an Indian artisan is reported by 
Green and Mankikar (1949). Yery few cases have been recognized 
m women, but in them the brunt of the disease falls upon the bladder 
and kidneys. The disease is said to he specially conamon in morphia 
addicts, but this is probably a coincidence. How man is infected, as a 
general rule, is still uncertain. 


Diagnosis.— This is obviously best carried out by isolation of the 
bacillus from the faeces, urine, or blood, and differentiation from the 
bacillus. In acute cases it may be isolated from the blood on 
the fifth day of the disease (Mirick) and has been obtained from the 
cerebrospmal fluid (M[artm). Stanton and Fletcher found that the 
blood-serum agglutmated cultures of the organism in high dilution (1 in 
. a} ^ ^ is extremely useful in diagnosis ; a titre 

of 1 ; 80 IS si^cant : 1 : 160 diagnostic. Differential diagnosis from 
malaria, typhoid, dysentery, tuberculosis, plague, cholera and even amcebio 
hvex abscess, may have to be established. There are several resemblances 

characterized by pysemic nodules. 

^ i^™^tial ^agnosis from glanders is more complicated. Patients 
mfected mth Pf whUmon give a positive reaction to mallem, whilst 
horses uriected with mehoidosis give a negative test. Central chemotaxis 
^d shght tendency to extension of the lesions, characters regarded by 
Mchaydean as pecuhar to glanders, are found in melioidosis. 

Pro^osis.-O\lost patients diewithin ten days of the onset : in chronic 
ca^es they may be ill for three to eight months or longer. 
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Treatment. — In the English case reported above sulphadiazine in 
large doses reduced the activity of the organism, but failed to eradicate 
the localized foci of infection. ‘'Harries (194S)_ and colleagues recommend 
sulphamethazine, 2 grin, four-hourly, as effective and safe. All accessible 
abscesses should be incised and treated locally vith injections of penicillin. 
Autogenous vaccines cause active immunization where there is no rise in 
litre of agglutinins in the serum. Green and Manldkar (1948) have shown 
that Chloromycetin exerts an inhibitory effect upon P/. icJiitmori suggesting 
that this antibiotic should he used in treatment. 



CHAPTEE XV 


THE UNDULANT FEVERS (BRUCELLOSIS) 

Preliminary statement .—Originally the term undulant fever 'was 
employed to designate a type of fever, commonly found in Malta and 
the Mediterranean area generally, which was usually referred to in medical 
literature as “Malta fever.” Experience, however, has shown that 
several closely allied fevers are to be classified under this heading. These 
fevers are due to infection by organisms of the genus Brucella. The 
following varieties of these organisms and their associated fevers are now 
recognized : 

1. Brucella melitensis (formerly known as Micrococcus melitensis) 
which is originally a parasite of the goat and which is usually conveyed 
to man in goat’s milk. 

2. Brucella abortus (formerly hnown as Bacillus abortus, Bang) which is 
originally an infection of the cow, in which it causes abortion. A strain 
{Brucella suis) also occurs in the pig.^ The infection appears to be 
conveyed to man through cow’s milk. 

Although Brucella vielitensis infections have more or less a tropical 
and subtropical distribufcion, those of the abortus type are found all over 
the world, wherever epidemic abortion amongst cattle occurs. 

I UNDULANT FEVEE (Melitensis Type) 

Synonyms. Febris Undulans ; Malta Fever ; Mediterranean Fever ; 
Gastric Eemittent Fever. 

Definition- A disease of low mortality, indefinite duration, and 
irregular course, undulant fever is the result of infection by a specific 
germ— Brucella melitensis. In its more typical form it is characterized 
by a series of febrile attacks, each individual one, after lasting one or 
more weeks, gradually subsiding into a period of absolute or relative 
apyrexia, also of uncertain duration. Common and characteristic com- 
plications are a rheumatic-like affection of joints, profuse diaphoresis, 
anaemia, liability to orchitis and neuralgia. Although only occasionally 
fatal, the disease is a fruitful source of inefficiency and invaliding. 

History and geographical distribution.— Formerly confounded with 
typhoid and malaria, undulant fever has been established as a separate disease 
by the labours of various observers— Bruce ( 1887 ), Hughes, Oipps, Wright, 
Semple, and Bassett-Smith. Undulant fever appears to' he more widely 
distributed than was formerly thought. It is not confined to Malta, or even 
to the Mediterranean ; it may occur in Italy, France, Spain, the Red Sea littoral, 
India (Pimjab), China, South Africa, Somaliland, West Africa, the West Indies, 
the Philippines, South America, Mexico and the United States, especially in New 
Mexico and Texas. Owing to the close relationship between Br. melitensis and 
Br. abortus, and the clinical resemblance between the two forms of fever they 
produce in man, it is extremely difficult to state the exact geographical range of 
each. 
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Epidemiology and endemiology. — The most susceptible age is 
between the sixth and the thirtieth year. Length of residence does not 
indnence susceptibility . In Malta the natives suffer as well as visitors, while 
there, and in other places where the disease is endemic, it occasionally 
assumes an epidemic character. The period of its greatest prevalence is the 
season of lowest rainfall, embracing June, July, August and September, the 
desease differing in this respect from typhoid which, in Malta, is more 
prevalent during the succeeding months, but a few cases may occur all the 
year round. This is explained, not only by the greater consumption of 
goats’ milk during the summer months, but also by the fact that, following 
the birth of the kid in spring, contamination of the milk is more marked. 
The goats are not necessarily ill, except for their liability to abort. The 
disease tends to occur in particular towns or villages, in particular houses, 
barracks, hospitals, and rooms, and in particular ships, manifestly originating 
in limited foci of infection. Certain ships were formerly notorious foci of the 
disease. All classes were liable: the officer and his family as well as the 
soldier in barracks or the sailor on shipboard. The organism has been 
found in mothers’ milk, so may presumably be transmitted to sucklings. 

It is not correct to assume, as has so often been done, that because 
of these essential discoveries, undiilant fever has been banished entirely 
from Malta. The cases amongst the British military and naval population 
dropped from 245 in 1905 to 12 in 1907, but during the years 1929-35, 
there was a great increase in the number of cases among the civil population, 
Gatt (1988) reported that among the latter the incidence of the disease 
increased till 1934, when as many as 7-25 per mille were infected. Among 
the indigenous inhabitants there is a deep-rooted prejudice against boiling 
milk, and they are not content unless the goats are actually milked on 
their doorstep. However, tinned preserved milk is coming rapidly into 
favour among the poorer inhabitants as an infant food. 

Undulaiit fever is not, generally speaking, transmitted directly from one 
person to another ; that is to say, is not, as a rule, directly communicable from 
the sick to the healthy. The germ is readily conveyed by inoculation ; the 
prick of a contaminated needle will suffice. Moreover, it is a well-recognized 
fact that undulant fever is the most easily acquired in the laboratory from 
handling cultures. An outbreak of 45 cases in a bacteriology class, of which 
one ended fatally, was reported by Huddleson and Munger (1940) in Ohio. 
In this case the actual method of infection could not be determined. Living 
emulsions of the micro-organism should never be handed round for class work ; 
similarly, infection may be conveyed by sucking a thermometer recently used 
by a patient. A very striking circumstance is that in some hospitals the nurses 
and attendants in the fever wards are ten times more liable to the disease than 
people not so employed. 

Milk . — ^Pacts point very distinctly to goat’s milk as the most important 
medium. The organism is present in the milk of lO-SQ per cent, of Maltese 
goats, and monkeys were easily infected by feeding them on it. Directly 
the goat’s milk supply to the naval and military hospitals in Malta was 
stopped the cases of locally-acquired undulant fever practically ceased. 
Formerly this fever was very common in Gibraltar. The milk supply of 
the garrison at that time was largely from animals imported from Malta. 
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Gradually these goats have died out or been got rid of, and no more have 
been imported. Concurrently with this there has been a marked and 
proportional reduction of undulant fever cases in the garrison, so that, as a 
eauL of disability, it has now quite disappeared from tho records of the 
British Irmy and Navy. There is one well-authenticated instance of 
wholesale infection from this source in the s.s. Joshm Nioholsoji, which 
shipped 65 goats in Malta; an epidemic of uiidulant fever broke out on 
/ board, and nearly all those who drank the milk of the goats wore attacked. 

Cheese.— Inhere is a considerable amount of evidence that undulant 
fever can be acquired by eating cheese made from the milk of infected 
goats. Several varieties of cream cheese made in the South of Prance, 
and even ripened cheeses such as Camembert, have fallen under suspicion. 

Manure.— In the department of Aude near the Pyrenees, infection by 
handling manure soiled by urine of infected goats and sheep is regarded 
as possible. 

^Etiology.— Bruce in 1887 demonstrated the presence in the spleen in undulant 
fever of a special bacteriiini— now called Brucella melilensis—and., by a series 
of experiments, proved that it was the cause of tho disease. Unfortunately, 
as the bacterium occurs only sparsely in the general circulation (unless in the 
earlier stages, when the temperature is high), to search for it in the blood in 
the later stages does not aid diagnosis. The organism is present in abundance 
in the spleen pulp, and also in the lymphatic glands, in which it persists longer 
than elsewhere, and from both of which it can be recovered by cultivation. 
Bruce found it in the spleen in ten fatal cases. His results have been confirmed 
by many other observers. Injections of pure cultures give rise to a similar 
disease in monlteys and other animals, from whose blood tho bacterium can 
be recovered, cultivated afresh, and injected into other animals, when it will 
again give rise to the disease. In five recorded instances, inoculation — intentional 
and accidental — of cultures of the bacterium into man has been followed by 
the characteristic symptoms after an incubation period of from five to fifteen 
days. 

A variety of this organism, Brucella ^aramelitmsis, which gives different 
serological reactions from those of the original strain, has boon recognized as 
responsible for those cases of clinical undulant fever in Tunis and Algeria which 
do not give a high agglutination reaction with cultures of Br. melitensis. 

Br. melitensis measures 0*33 fj. in diameter. It occurs generally singly, often 
in pairs, sometimes in fours, but never, unless in culture, in longer chains. It 
is Gram -negative and readily stained by a watery solution of gentian-violet, 
and is best cultivated in a 1^ per cent, very feebly alkaline peptonized beef 
agar ; in this medium, some time after inoculation, it appears as minute, clear, 
pearly specks. After thirty-six hours the cultures become a transparent amber ; 
later they are opaque. No liquefaction occurs in gelatin. The individual 
colonies are small, round, somewhat raised discs growing to 2-3 mm. in diameter 
about the ninth day. The optimum temperature for growth is 37° 0. In 
bouillon it may produce a general turbidity. As a rule, the organism cannot 
be cultivated under anaerobic conditions. Recently, it has been discovered that 
the vitamin complex known as biotin is essential for its growth. No indol is 
formed, and the organism does not ferment glucose. Milk and other media are 
rendered alkaline. 

At one time, Br. melitensis was believed to be a delicate organism, but in- 
vestigations have shown that it can live for a long time in water, in dust, or on the 
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clothes of patients, and tKat it is not killed by cold or desiccation. Moreover, 
it is now Imown to be excreted in the urine of man in 10 per cent, of convalescent 
eases, and to occur in great abundance iu the milk and urine of apparently healthy 
Maltese goats (50 per cent.), and probably of some cows. It has also been found 
in dogs (9 per cent.), sheep and horses. These facts account in part for the great 
frequency and dissemination of the disease in such insanitary places as Malta, 
to which place they specially refer. 

Br, melitensis can be cultured from the blood-stream during the height of the 
fever in a considerable proportion of cases. A liver infusion — Staffseth’s medium 
— ^is now commonly employed as selective culture medium. It has occasionally 
been obtained from the faeces. The serum of undulant fever cases of this and the 
Br. abortus type, as well as the milk of infected goats, will agglutinate it. The 
organism has been recovered from the gall-bladder by Eyre, j^nongst the smaller 
laboratory animals the guinea-pig is highly susceptible to inoculation, a minute 
intraperitoneal dose causing prolonged infection. 

Br. melitensis was stated by Evans, INtyer, Shaw, and others to be morpho- 
logically, culturally, and serologically similar to Br. abortus. Three strains, 
melitensis, paramelitensis, and abortus, are separable one from another only by 
tests of agglutinin absorption. This criterion must be applied to infections 
in animals and in man in order to determine their setiology. Cultures of Br. 
abortus are agglutinated in high dilutions of the serum of patients suffering 
from melitensis undulant fever. 

It is well known that Br. melitensis may produce abortion in goats, though 
the animals themselves may exhibit no other clinical changes. 

In monkeys intramuscular injection produces within three days a rise of 
temperature and death within three weeks. According to Burnet and Conseil, 
melitensis is at least a thousand times more pathogenic for these animals than is 
abortus. Indeed, only enormous doses of abortus will produce any effect at 
aU in small monkeys. 

Relationship with Br. abortus. — ^Intermediate strains of melitensis and 
abortus have in recent years been isolated from cow’s milk, especially in England. 
In 1940 a strain of Brucella indistinguishable from rruelitensis was isolated from a 
farm in Staffordshire, and a further outbreak was reported in October, 1941. 
Subsequently, after an overall enquiry in twenty counties, another two outbreaks 
were discovered. In aU cases it was found to be associated Ti^uth true Br. obcrtus 
in the same herd. 

Eventually it was recognized that organisms exist which, behaving under 
laboratory tests Like Br. melitensis, have not all the features of this organism, 
especially in regard to pathogenicity. Out of 350 strains of Brucella isolated 
from milk by B. Cruickshank four were found to be antigenically melitensis, but, 
from the biochemical aspect, abortus. Strains from S. Italy have been found to 
behave like abortus antigenically and melitensis biochemically. 

Pathology.— The disease has almost no pathological anatomy. The spleen 
is the only viscus which is distinctly diseased. This is enlarged (average 17 
oz.), soft and diffluent ; on miseroscopical examination the lymphoid cells 
are found to be increased. There may be some congestion and even ulceration 
of the intestinal mucosa, but this is not an essential feature. Other organs 
show chiefly cloudy swelling, and glomerular nephritis may be present. 

Symptoms. — The period oimcnhaticrn in the naturally-acquired disease 
is dififleult to fix. Cases have occurred as early as six days after arrival, 
others as late as fourteen and seventeen days after leaving Malta. Some 
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hold that the disease may remain latent for months. It begins generally 
with lassitude and malaise, such as is associated 



with the incubation of many specific fevers, 
particularly typhoid. There are headache, bone- 
ache, anorexia, and so forth. Pain in the eyes, 
especially on lateral movement, is very character- 
istic. There may also be a peculiar sensitiveness 
of the alveolar margins of the jaw and painful 
movement of the temporo-mandihular joint. 
At first the patient may go about his work as 
usual. Gradually the daily task becomes in- 
creasingly irksome, and he takes to bed. Head- 
ache may now become intense, and, in addition, 
the patient suffers from thirst and constipation. 
At the outset the symptoms, except that there 
is very rarely diarrhoea, resemble those of ty- 
phoid, and epistaxis is not uncommon. There 
are no rose spots, however, then or at any sub- 
sequent period. There is evidence, in the coated 
tongue, which looks as if covered with white 
paint, in the congested pharynx, the anorexia, 
and the epigastric tenderness, of gastric catarrh ; 
and the occasional cough and harsh, unsatisfac- 
tory breathing at the bases of the lungs indicate 
some degree of bronchitis or of pulmonary con- 
gestion, There may also be delirium at night, 
but as a rule there is insonmia. The fever is 
usually remittent, the temperature rising about 
midday (generally about 2 p.m.), falling during 
the night, and the patient becoming bathed in 
a profuse perspiration towards morning. The 
spleen and the liver, hut especially the former, 
are somewhat enlarged and, perhaps, tender. 
Lumbar pain may be severe. 

After a week or two of this type of fever, 
specially distinguished by pains and perspira- 
tions, the tongue begins to clean and the appetite 
to revive ,* but, notwithstanding these signs of 
amendment, the patient still remains listless and 
liable to headache and constipation. He con- 
tinues feverish and at times perspires profusely. 
Gradually, however, although he is aneemie and 
weak, subjective symptoms become less urgent ; 
he then sleeps well, he has no delirium at night, 
and can take food, although the body-tempera- 
ture may still range slightly above the normal. 
Then once more, and perhaps over and over 
again, fever with all the former symptoms 
gradually returns; and now, if it has not 
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declared itself before, the pecaliar fleeting rheumatic-like affection of the 
joints or fasciae, so characteristic of the disease, shows itself in a large 
proportion of cases. One day a knee is hot, swollen, and tender ; next day 
this joint may be well, but another is affected ; and so this metastatic, 
rheumatic-like condition may go on until nearly all the joints of the body 
have been involved one after the other. Effusions have been reported from 
which Brucella has been cultured. Purulent synovitis of the costosternal 
and costochondral joints sometimes occurs. Arthritis and osteitis of the foot 
with bone atrophy and blurred contours of the joints between the cuneiform 
and metatarsal hones have been described by Weil. The patient may 
suffer also from neuralgia in different nerves — ^intercostal, sciatic, and so on. 
Orchitis is an occasional early complication, and may be mistaken for 
testicular mumps. In some cases these complications are severe and 
characteristic ; in others they may be mild, or absent altogether. In this 
respect the same infinite variety exists as in other specific fevers. In 
severe cases a purpuric condition with bleeding from the gums is occasion- 
ally observed. General enlargement of the lymph glands has recently been 
described. 

The most characteristic feature of undulant fever is the peculiar 
behaviour of the temperature (Chart 14). In a mild ease there may be 
a gradual ladder-hke rise through a week or ten days to 10B° or 104^ E., 
and then through another week or so a gradual ladder-like fall to normal, 
the fever, which is of a continued or slightly remitting type, disappearing for 
good without complication of any sort in about three weeks. Such mild 
cases are the exception. Usually, after a few days of apyrexia, absolute 
or relative, the fever wakes up again and runs a similar course, the relapse 
being in its turn followed by an interval of apyrexia, which is again followed 
by another relapse ; and so on during several months. This is the 
“ undulant ” type from which Hughes derived the name he suggested 
for the disease— /ebris undulans, A factor of practical importance from 
the diagnostic point of view is the tendency for the fastigium of the 
temperature curve to occur towards midday or early afternoon ; this 
feature distinguishes it from typhoid, in which the maximum rise generally 
occurs towards 6 p.m., or from other long-continued septic fevers, such 
as that in hepatic abscess, in which this takes place towards night-time. 

in cases of another class a continued fever persists for one, two, or 
more months, with or without the usual rheumatic, sudoral, and other 
concomitants — the “ continued ” type of Hughes. 

Usually remittent or nearly continued in type, in a proportion of 
instances (generally paranielitensis infections) , the fever exhibits distinct 
daily intermissions, the swinging temperature chart suggesting sepsis, endo- 
carditis, or malaria. This is the “ intermittent ” tv^pe of Hughes (Chart 15). 

La some patients, two to three months may elapse before they are 
finally rid of the tendency to febrile attacks and characteristic pains and 
aches. According to Bassett-Sndth, the average duration of the disease 
is four months, but it may last two years. The shortest period is about 
three ^eeks. 

As in other bacterial diseases, cases of all degrees of severity are met. 
Bassett-Smith recognized five types : 
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(a) Ajnhulant.—'Ihe patients have no syniptoins, but are excreting Br, 
melitensis in their urine and are naturally potential sources of iiifectioii. 
Afebrile cases occur with pleurisy and intercostal neuralgia. 

(h) Mild cases.— These last about a fortnight and are apt to be mistaken 
for paratyphoid. 

(c) The ordinary type. 



Chart 15.— Various types of temperature chart in unduiatit lever. 

( 1) intermittent type 

(2) remittent type 
(5) irreg^ular type ■ 


(d) The malignant type, with hyperpyrexia and toxaemia. This may 
be fatal, and considerable difficulty may be experienced in making a 
diagnosis, as in the ease reported by Archibald in which death took place 
on the twenty-seventh day. 

(c) ^An intermittent^ type with hectic fever, sweats, and general wasting. 
This is apt to be mistaken for tuberculosis, and appears to be common 
m South Africa (Chart 15). 
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(/) A chronic type has been described with symptoms relating to the 
central nervous system with headache and nuchal rigidity. In such cases 
the spinal fluid may exhibit increased pressure. 

As a rule, there is a moderate leucopenia (about 6,000 per c. mm.) with 
an increase of lymphocytes. Sometimes also a slight secondary anaemia 
is observed. 

Surgical Brucellosis. — Hydrarthrosis of a single joint cavity and 
superficial abscess formation on the chest or abdomen, without generalized 
fever, may also be produced by Br. melitensis. Cases with arthritis of the 
hip joint have been described. Spondylitis of the mid-dorsal vertebrae 
has been recorded by Lofder and Moroni, and also in 8. Italy by Molinelli 
and colleagues; but only in chronic infections. The Editor has seen one 
such case from Somaliland where, had not the organism been isolated 
from pus from a skin abscess, this possibility could never have been 
suspected. Chronic infection resulting in osteomyelitis of the long bones 
has been recorded. 

Complications and sequelae. — As a rule, by far the most serious 
consequences of undulant fever are the debility, the emaciation, the 
profound anaemia, the rheumatic-like pains, the neuralgias, and such 
sequelae as abscess, orchitis, mastitis, parotitis and boils. In the male, 
intermittent haemorrhages from the urethra are not uncommon. Orchitis 
is estimated to occur in 4 per cent, of cases. Dixon and Roaf have recorded 
acute transient attacks of aphasia and, during convalescence, deafness, 
tinnitus and paraesthesiae. In women the disease is apt to give rise to 
ovarian pains, dysmenorrhoea, amenorrhoea and menorrhagia, and to 
favour abortion and premature labour. The germ may pass into the 
foetus ; children bom in such circumstances are weakly. 

Complications, such as splenic and hepatic enlargement, enlargement 
of the mesenteric and cervical glands, suppuration, phlebitis, chorea, 
various psychoses, arteritis, endocarditis, pericardial effusion and melssna 
are met occasionally during the long course of the disease. When death 
occurs it is usually from suddenly developed hyperpyrexia ; occasionally 
it is brought about by exhaustion, by hsemorrhages and purpuric con- 
ditions, or by some pulmonary complication such as pneumonia. Fatal 
gastric and intestinal haemorrhages have been described on many occasions. 
In a few instances the fever is a fulminating type, rapidly ending in death 
from hyperpyrexia. 

Neicrohmcellosis . — Attention has recently been drawn to nerve complica- 
tions (1951); these may occur as a complication during the course of the 
fever, during convalescence, or long after apparent recovery. It may 
produce symptoms of meningitis, encephalitis, myelitis, radiculitis or 
neuritis. 

A comparatively common sequel is chronic inflammation of the sacro- 
iliac joint. 

Diagnosis. — The diagnosis of undulant fever from typhoid is an 
important practical matter and may be difficult in the early stages. 
Reliance has to be placed principally on the characteristic temperature 
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curve, the presence or absence of rose spots, of diarrhoea, of joint com- 
plications, and of sweats, the locality where and the season in which the 
disease was contracted, and the agglutination test. There may be con- 
siderable hesitancy in differentiating it from pulmonary tuberculosis, 
especially in the intermittent form, and there are cases of undulant fever 
with pulmonary signs and symptoms which may resemble that disease. 
Undulant fever, moreover, may “ light up ” a quiescent tuberculosis. 

An intradermal or “ melitene ” reaction (Burnet, 1922) has been introduced. 
For the purpose, 0*2 ml. of a killed broth- culture, containing half a million 
organisms, is injected into the skin. If the reaction is positive, a red oedematous 
area results at the site and persists for several days. Adequate controls with 
broth and cultures of other organisms should be performed in adjacent areas 
of skin. According to Nattan-Larrier the melitene^ reaction is best performed 
by injecting xV'hV ^he filtrate of a 20 days’ broth culture into the skin 

4 in. above the elbow. In typical cases the reaction, which consists of a red 
plaque 4-6 cm. in diameter, becomes positive in six hours and persists for two 
days. The reaction is positive on the seventh to tenth day of the fever and 
persists for ten months after recovery. It has been asserted by Wilson and 
others that, if this reaction is repeated, abscess formation may result ; even 
gangrene of the skin has been observed. 

Hoemoaulture.— As early as the second day of the disease the organism may 
be recovered from the blood-stream. For this purpose 5-10 ml. of blood should 
be drawn off by.^^ans of an aseptic syringe and with great precaution distributed 
into several flasks of broth. The broth should be incubated at least twenty-four 
hours, or, if necessary, for as long as 26 days, and subcultures mado from time 
to time on trypsin-agar slopes. On the fifth day, on further incubation, minute 
dewdrop-like colonies should become apparent, and the emulsion should be 
tested against a specially prepared immune serum in dilutions from 1 in 40 to 
1 m 400. It is said that cultures from the blood-clot may sometimes give better 
results than those from the whole blood. The technique is described by West 
and Borman (1945). After removal of serum the clot is macerated and trans- 
ferred to crystal violet tryptose broth in a screw- capped vial. The medium is 
adjusted to pH 6-9, The composition of this medium is : Bacto- tryptose 
20 grm., bacto-dextrose 1 grm., sodium chloride 6 grm., para-amino -benzoic 
acid 0*1 grm., crystal violet (0*1 per cent, aqueous solution) 1-4 ml., distilled 
water 1,000 ml. The cap of the vial should not be tightened. Inoculate at 
35° C. under CO 2 tension for 4-7 days. The culture is then streaked on to a 
solid medium consisting of bacto-tryptose agar containing 1 ml. per litre of 
0*1 per cent, aqueous crystal violet. The inoculations are made once each week 
for three weeks and plates are incubated four days. The suspicious colonies are 
isolated and preliminary examinations made by slide agglutination tests. By 
this method cultures have been obtained in specimens which w'ere negative to 
agglutination tests. The organism may be obtained by splenic puncture, though 
this method is rarely justifiable. ' 

laolaiion from the %rine. — This is much more difficult to obtain than from 
the blood. The urine must be obtained either by catheter or midstream specimen 
after the fifteenth day of the disease. Every precaution must be taken to 
prevent contamination, to which Br, melitensie is very sensitive. 

Agglutination ipt. — ^Agglutination, if performed by the maoroscopio 
method and with modern technique, will generally give positive results. 
There axe several important points to remember in connection with this 
reaction. 

* Mie commercial preparation is fcdowii as “ bmceHeigen.’* 
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Strain oj organism enijployed for agglutination. — The seium, as a rule, 
contains no agglutinins until after the second week of the disease. It 
ma 7 be necessary to employ several strains of Br. 7nelitensiSj as well as 
cultures of Br. paramelitensis. litres of agglutination as high as 1 in 6000 
have been reported. 

As other sera are known to agglutinate the organism in low dilutions, 
it is recommended that the blood be heated to 56° 0. for half an hour 
before being used for the test, in order to destroy non-specific agglutinins. 
The occurrence of a pro-agglutinoid zone (or zone of no reaction) may be 
a source of error, but only in higher dilutions, and it is possibly due to 
the presence of anti-agglutinins. It is necessary, therefore, to employ 
a considerable number of dilutions. 

The serum of tularaemia agglutinates Br. nielitejisis. A problem of differential 
diagnosis may arise when a serum agglutinates both Br. tvlarensis and Br. 
melitensis in equal titre. This can only be settled from a serological aspect by 
testing for the absorption of agglutinins. 

Complement-fixation test. — No distinct advantage has been reported 
for this method over the agglutination test. It is, moreover, more com- 
plicated. Often the serum is found to be anti-complementary. The 
technique is identical with that employed for the standard Wassermann 
test except that melitensis or abortus antigens are used. 

After the fever has gone on for several weeks, diagnosis is, of course, 
easier ; in the early stages, on clinical grounds alone and, apart from 
the agglutination test, it may be, as already stated, almost impossible. 
Tuberculosis, abscess, empyema, malaria, relapsing fever, acute rheu- 
matism, and all the causes of continued high temperature of a septic 
type have to be carefully excluded in attempting a diagnosis. The 
possibility of the concurrence of another infection — typhoid, for example 
— ^must not be overlooked. 

Prognosis. — As a general role, in military and naval forces the mortality- 
rate is low, from 2 to 6 per cent., hut in the civilian population it may 
be considerably higher. Death may occur from hyperpyrexia, heart- 
failure, or pulmonary complications. Bassett-Smith pointed out that a 
persistent temperature of 104° P. may indicate a grave prognosis, as 
may also an intermittent pulse. Alarming symptoms may develop at 
any stage of the disease, especially in relapses. Though it may be unwise 
to forecast how long a fever may last, yet, when the pyrexia has subsided 
for more than ten days, and the patient's tongue is clean and his appetite 
good, no further relapses may be expected ; but there is frequently a 
short terminal rise of temperature. 

In the malignant type the death-rate may be 10 er more. 

A persistent temperature of 104° F. and an intermit^f^^ . ^re s^ravb, 
as are also pneumonic complications. The after-^^®^* ^ ^ 
are often incapacitating, especially the producti^ 
neuralgia and cardiac weakness. The debility na.‘ 
an easy prey for any mtercorrent disease. It Ijy om, attack, 

that, as a general rule, a lasting immunity is cor> 
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Treatment . — Aureomycin and other a?itibiotics, — Aiireomycin iu daily 
doses of 60 mgni. per kg. are well tolerated by man and 8 mgni. per kg. 
parenterally or intraninscularly. 

Debono in Malta (1949) has proved beyond reasonable doubt that 
anreomycin cures this fever rapidly within one week. At first in 14 cases 
the treatment lasted eight da 3 ''s and the average total dose of anreomycin 
was 16 grm, but a relapse took place in 4, after a period as long as seven 
weeks on 2 grm daily. Sudden and well-marked elevation of temperature 
termed “ spiking ” at the beginning of the treatment was noted in all. 
He recommends, that in order to effect a final cure, treatment must be 
extended over a period of twelve to fourteen days at 2 grm. daily — or 
one capsule every thi’ee hours. No serious reactions have been reported. 

The biggest series has been reported by Killough and colleagues (1951) 
in 39 patients in Egypt. Twelve were treated withh cloromycetin (chloram- 
phenicol) in daily doses of 50 ingni. per kg. for a period of twelve days. 
The total amount was 36 grm. They became afebrile in an average period 
of 5-1 days. Eleven were given aureomycin in daily and total doses of 
the same amount, or 50 mgm. per kg. for twelve days. The use of BAL 
{see p. 872) in conjunction with aureomycin and Chloromycetin has been 
recommended by Renoux and Eoux in animals, especially guinea-pigs, and 
it is suggested that this procedure might be found advantageous in human 
cases refractory to these antibiotics. Terraniycin has been given to 
16 patients, in daily doses of 7*5 mgm. per kg. and a total dose of 44 grm. 
over a period of 11 days. They became afebrile in an average of 8*4 days. 

Relapses were comparatively common. No serious toxic effects were 
noted, but it is clear that terramycin is as good as the other antibiotics in 
producing excellent clinical response. The effect of sulphonamides is 
transient. 

The diet at first should consist of milk (in Malta, boiled) ; later, of 
broths and eggs and, if necessary, stimulants ; but it should be noted that 
on sulphonamide treatment stimulants should be omitted. Solids must 
not be freely given during high fever or when the tongue is coated. ,If 
appetite is present, ordinary simple food may be taken. Lemonade or 
lime-juice should be given after a time ; not merely as a pleasant, thirst- 
relieving beverage, but with a view to averting scurvy if the dietary be 
too restricted over a long period. Feeding must he conducted with the 
greatest circumspection, avoiding overfeeding on the one hand and a low 
monotonous diet on the other. The tongue and the appetite are the best 
guides. 

Prophylaxis. — Wherever this fever is prevalent resorts should be 
avoided by pleasure- and health-seekers during the summer. As a 
matter of precaution, in the endemic areas the drinking-water and 
food ought at all seasons to receive special attention. All milk should 
he^ a/Doidedj ot sterilized by boiling^ and food dishes should be washed 
with boiled water, laboratory workers must be careful in handling 
cultures of the bacterium, for the accidental, introduction of the organism 
into the conjunctival sac has sufficed to cause the disease. 

The discovery that goat s milk is the principal medium through which 
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andulant fever is communicated to man has led to very striking and 
important results. Unfermented cheese is a freq[uent source of infection 
and should be forbidden. In Toulon the disease has been traced to 
“ fromage cervelle ” made from the milk of sheep and goats. 

These facts sufS.ce to indicate the direction preventive measures should 
take. Infected goats may appear to be in perfect health and may milk 
satisfactorily. 

The prevalence of infected animals is best determined by cultivating 
the organism from their blood or milk ; failing this, serum reactions 
(p. 300) and Zammit’s test are employed. The latter, which is known 
as the lacto-reaction, consists in diluting the milk to 1 in 20 and mixing 
it with a dense emulsion of Br. Tfielitensis or Br. paranulitensis. The mixture 
is drawn up into the capillary tube and placed in the incubator for twenty- 
four hours, when any sedimentation present may be detected. It is 
better to heat the milk first to 56° C. for half an hour. 

Zammit and Debono attempted to immunize the Maltese goat hy 
dermal immunization. A filtrate of a broth culture, contaming brucella 
organisms, is sprayed over the mammary region, into the month, 
and 1 ml. is injected intradermally in four places. The treatment is 
repeated four times on alternate days. 

Prophylatic inoculation . — Nicolle and Conseil conducted some experi- 
ments on man which seem to show that it is possible to immunize against 
undulant fever by subcutaneous injections of killed cultures of the 
organism, and similar results were obtained by giving 100,000,000 
organisms by the mouth on three consecutive days, and again on the 
fifteenth day. These results were controlled by subsequently injecting 
cultures of living organisms ; the controls in both cases developed undulant 
fever. 

Dubois and SolKer have employed a vaccine of various strains of 
7 nelitensis mixed with two strains of abortus. The complete vaccine 
made up of five strains contains 2,000,000,000 organisjas per ml. The 
first dose is 0*25 ml. or 500,000,000 ; the second 0*75 ml. or 1,500,000,000 ; 
the third 1 ml. or 2,000,000,000. The full course of injections was given 
to 111 persons engaged in dealing with infected animals, and none of 
these developed undulant fever. 

II. UNDULANT FEVER (Abortus Type) 

Synonym. Abortus Fever. 

Definition. — A definite variety of undulant fever in man produced 
by Brucella abortuis, the organism of contagious abortion of cattle and swine. 

Geographical distribution- — ^Undulant fever of the abortus type 
in man has now been reported from the following countries : Italy, 
Canada, U.S.A., Denmark, Sweden, Germany, Holland, Switzerland, 
Austria, Poland, Palestine, South Airaea, Rhodesia, New Zealand and 
Australia. In England the number of cases identified as abortus fever 
is growing yearly, and in 1938 over 140 were recognized and reported. 
Previous to this, sporadic cases had been reported from time to tinie and 
an attempt had been made to ascribe them to occasional dr inkin g of 
goat’s milk. Abortus cases were reported by Byam in 1918, hy the Editor 
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in 1927, and by Bamfortli. Since that time the organism {Br. abortus) 
has been cultivated from the blood, urine and fseces in British cases. 

^Etiology.— Traum (1914) isolated Brucella from a pig foetus. Br. suis 
is transmissible to cattle and also to sheep, and Huddleson isolated the organism 
from the diseased testicle of a dog. Huddleson and Hardy, in Iowa, U.S.A., 
established that in that State Br, suis is the cause of many cases of abortus fever 
in man. There are many references to the concurrence of Br. abort us in the lesions 
of poll evil and of “ fistulous withers ” in horses. The organism is commonly 
associated with these lesions, but there is some difference of opinion whether they 
have not merely migrated to a suitable focus in which the filaria. Onchocerca 
cervicaliSj is located. 

In England, the cow is considered the main reservoir of infection. Menton 
(1937) found no evidence that goats or other animals are infected with Br. 
meliUnsis in England, although cows can he artificially infected, and the organism 
appears in the milk. It has been shown that Br, abortus can be recovered from 
6*3 per cent, of cow’s milk, and Elkington, Wilson, Cruickshank and others 
described outbreaks in schools due to consumption of unheated milk infected 
with Br, abortus. 

Since the discovery of the porcine strain of Br. abortus {Br. suis) the tendency 
in America is to ascribe human cases to this source. Evidence in U.S.A. is to 
the effect that infection is acquired hy meat packers from direct contact with 
pig carcases. Boyle found that a small proportion of sows in England is 
infected. 

Differentiation of Brucella abortus from Brucella melitensis. — Br. abortus 
is usually somewhat larger than Br. melitensis, being from 0*4 (jl to 0*6 p. in 
thickness, and varying in length from 0*8 (x to 2*5 or even 3 (x. The organism 
is remarkably pleomorphic ; involution forms are unusual. Br. abortus can be 
isolated from the milk and uterine discharges of infected animals. !N ormal strains 
of Br. abortus of bovine origin cannot be grown in primary culture at the ordinary 
carbon-dioxide tension of the air, but to ensure growth it is necessary to raise the 
proportion of this gas to 5 per cent, or 10 per cent, by volume. These require- 
ments diminish as the strain is propagated on artificial media. The simplest 
method of growing this organism is in a Bullock’s jar in which cultures have been 
placed for incubation, adding a sufficient amount of pure carbon dioxide to 
produce the optimum concentration. In primary growth the colonies develop 
after inoculation in a zone 10-20 mm. below the medium. This behaviour is 
taken as evidence that Br. abortus is micro-aerophihc. After continuous sub- 
culture the organism can be grown under ordinary conditions. The porcine 
type, Br. suis, does not show the carbon dioxide growth requirements of the 
bovine type. 

The organism grows best on glucose agar in which 2 per cent, glucose is added to 
a simple meat-extract agar medium set to reaction of pH 7*4, or in Elides’ 
medium. On potato slopes of alkaline reaction, differences in the growth 
character of Br. abortus and other organisms of the group may be found in 
week-old cultures ; the former gives a uniform creamy-yellow growth, while 
Br. mditensis and Br. paramelitensis yield a greyish- chocolate or even black 
growth. 

The reaction to dyes is important. The bovine abortus type is inhibited by the 
presence of thionin in suitable concentration, the porcine type by the presence of 
basic fuchsin, methyl violet, or pyronin. The melitensis type grows in the 
presence of all four dyes. 

The formation of hydrogen sulphide from proteins or aininohodies containing 
solpjhnr is cme of the most important biochemical reactions. The organism 
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is grown on Staffseth’s liver-infusion agar medium at a reaction of 6-0 and, 
after sowing, a strip of lead-acetate paper is introduced into the tube. 
forty-eight hours’ incubation a distinct blackening of lead acetate occu^^M 
tubes sown with JSr. abortus, while Br. melitensis produces no H^S at all. 
serological grounds, by means of the absorption of agglutinin method, the bovine 
and porcine abortus may be differentiated from the ■melitensis type. 

Br. abortus from cattle is grown best by seeding glycerin-agar slopes with 
the uterine exudate, and insulating them under a lowered pressure of oxygen, 
or in the atmosphere of 10 per cent. COg. The best method of ascertaining 
the presence of Br. abortus in milk is by the cultural method. The milk is 
seeded with a liver extract peptone-agar in a CO 2 atmosphere. Alternatively, 
0*5 ml. of the mOk may be injected subcutaneously into the hind leg of a guinea- 
pig, and the animal killed after three or four weeks ; at the post-mortem examina- 
tion the inguinal and lumbar lymph glands will be slightly enlarged and congested. 

For isolation of Br. abortus from human blood, urine or fasces, the optimum 
for culture is a medium of pH 6'8, a temperature of 37® C., in an atmosphere 
of CO 2 - When first isolated from the blood or the spleen, the organism may 
fad to show visible growth on the plates until after three days. Minute dew- 
drop colonies are then seen, which later become opaque, and are 3 mm. in 
diameter on the tenth day. Evans considered that 1 per cent, of glucose 
greatly enhances their vigour and that the new growth is obtained when 
liver is substituted for ordinary infusion-agar. For the first few generations 
of culture an atmosphere of carbon dioxide must be maintained, though this 
is unnecessary fox later generations. Huddleson and Abell found that the 
growth of Br. abortus is inhibited by gentian violet, and that this can be used as a 
means of differentiation from Br. mditmsis. 

When cultivated from the blood the growth may be exceedingly slow. In 
one of the Editor’s cases Wilson succeeded in demonstrating a growth on the 
twenty- first day of incubation, and Rainsforth (1933) recorded success after 
60 days. 

The isolation of Br. abortus from the faeces is no easy matter. Amoss and 
Poston succeeded by employing the following technique : a stool suspension 
is heated with an immune serum and clumps any organisms present in the 
sediment, which is then seeded into Teague’s medium. Two plates are incubated 
in an atmosphere of air and two in a CO 2 atmosphere. 

Br. abortus in cattle. — ^This organism produces abortion in otherwise healthy 
cows hy causing inflammation of the uterine mucous membranes, of the foetal 
membranes, and of the foetus itself. The infection has become very prevalent 
in highly bred cattle herds when stable fed, both in England and in the United 
States. 

The organisms occur first in the vaginal discharges as well as in the exudate 
from the uterus, while they are excreted in the milk of infected cows for many 
weeks and even months, so that Br. abortus is frequently found in commercial 
milk. In Washington 14 per cent, has been found infected : in Chicago 30 per 
cent., and in Dresden 32 per cent. When injected into guinea-pigs the infected 
millr produces small tubercle-like foci in the lungs, liver, and kidneys, and 
swelling of the spleen, which takes about seven weeks to develop. Sheep and 
pigs are less susceptible than cows. The symptoms of the affected cow are 
the escape of varying amounts of greyish-hrown mucous discharge from the 
mucous membranes of the uterus and the chorion. It also affects the udders 
and probably spreads via the lymphatic channels. When a pregnant cow is 
infected the foetus is expelled within eight to fourteen days. The foetus itself 
shows infiltration of the subcutaneous and intramuscular tissues with Rr. abortus ; 
the calves are born covered with a purulent exudate and the chorion is converted 
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into a leather-like substance, with huokling and wrinkling of the intercotyledonoua 
parts of the membrane. 

Apparently the hull may play an active part in oonveying the infection, 
as the organisms have been found repeatedly in its genital organs. 

The commonest time for abortion in cattle is from the fifth to the seventh 
month, and the incubation period lasts from one to thirty-three weeks. 

When introduced into a fresh herd the disease usually spreads rapidly and 
assumes epidemic proportions ; then it passes into an endemic state in which 
it remains for years. As a rule, the uterus frees itself quickly from the infection 
and Br. abortiLS is to be found in the udder, and also in the supramammary and 
pelvic lymph glands, where it persists. From the udder the organism is excreted 
into the milk, and so it comes about that 34 per cent, of cows which give a 
positive agglutination reaction excrete Br. abortus in the milk, and may continue 
to do so for three years. 

Under experimental conditions abortion may be produced in goats, guinea- 
pigs, rabbits, rats, and mice, though rarely fatal. Ouinea-pigs may be infected 
by rubbing cultures on to the depilated skin of the abdomen, and when these 
animals are thus infected artificiaUy, they develop lesions simulating tuberculosis. 

Pathology. — This is the same as in Br. melitensis fever. Occasionally 
abscess of the spleen is observed. There is a general reticulo-endothelial 
hyperplasia of the lymph glands. Meningo-encephalitis with greyish-white 
tuberculations is reported in Br. mis infections in America. 

Diagnosis of epidemic abortion in cattle. — ^The diagnosis of this infection in cows 
is made by serum agglutination, which takes place in a titre of 1 in 100 to 1 in 
10,000, and the agglutinins can also be proved to be present in the millc of infected 
cows. For this purpose Bevan introduced the “ abortoscope,” which consists of 
a tube containing a standardized suspension of Br, abortus, closed by a cork to 
which is attached a double loop of thin wire coated with sterile paraffin. On the 
back of the tube is pasted a label marked “ infected.” Before use the suspension 
is thoroughly shaken up, and one loopful of blood from the animal to be tested is 
taken up in the wire, which is then returned to the tube and thoroughly shaken 
to mix the blood with the suspension. The apparatus is then stood upright at 
room temperature so that in infected cases the suspension and the blood-cells 
settle down to^the bottom of the tube, leaving a clear supernatant fluid through 
which the sign “ infected ” can be read. 

Generally speaking, in cows no attention is paid to an agglutination of a 
titre less than 1 in 50 in the serum. In a pregnant infected animal the titre 
gradually rises prior to abortion from 1 in 200 to 1 in 1,000, while a persistent 
figure of 1 in 400, or over, indicates an udder infection. 

The intraderrml test or the abortin reaction in cattle. — This test, on the same 
lines as the tuberculin test, was introduced by MacFaydean and Stockman in 
1909 in an attempt to introduce one based upon the hypexsensitiveness of infected 
cows. Holtun (1928) described a double intradermal test in which 0-2 c.c. 
of a 5 per cent, phenolized suspension of Br. abortus, heated to 65° C. for thirty 
minutes, is twice inoculated into the same site at an interval of forty-eight 
hours, when the maximum infiltration of the skin is attained at that time. 


Abortus Infection in Man 

Diagnosis. — The agglutination test in dborhis infections is much the 
same as in melitensis. An agglutination of 1 in 10 to 1 in 80, in the absence 
of clinical symptoms, indicates a past infection, while a titre of 1 in lOO 
or over, in the absence of clinical symptoms, probably indicates a latent 



ABORTUS FEVER: SYMPTOMS 


307 


infect ion ; a titre of 1 in 100, or over, in the presence of pyrexia and 
other symptoms of disease, may be considered as dia^ostic of active 
infection vith Br. abortus. 

The agglutination test is best performed by the macroscopic method. A 
practical method of making a diagnosis by the agglutination test is by 
means of the “ glutoscope,” an apparatus devised by Bevan on the same 
lines as the abortoscope. 

The intradermal test, or “ abortin ” reaction, is as useful in the diagnosis 
of abortus infection in man as is the parallel test in melitensis, and is 
performed in the same manner {see p. 300). 

Diagnosis hy blood-culture is the same as for Br. yneliiensis, and is 
successful in about 16 per cent, of cases ; {see p. 800). A certain amount 
of assistance may be obtained from the leucocyte count. There is usually 
a shght leucopenia with a relative increase in the lymphocytes. The 
average in seven cases of abortus infection under the Editor’s care was 
leucocytes 6,800, with polymorphonuclears 43 per cent, and lymphocytes 
48 per cent. 

Symptoms. — Cohen divided abortus fever into five types: (1) the 
classical undulant ; (2) the arthritic ; (3) the abdominal ; (4) the genital, 
of which orchitis is the chief feature ; and (5) the “ catarrhal jaundice ” 
type. It is doubtful whether there are any signs or symptoms sufficiently 
obvious to enable a differential diagnosis between abortus and melitensis 
to he made from the clinical aspect alone. 

On the whole, abortus infections run a much shorter course than those 
of melitensis. Some cases may be so mild that no obvious clinical signs 
are produced beyond the characteristic pyrexia. Atypical cases show 
slight fever, headache, listlessness, sometimes abdominal pain, sore throat 
and nocturnal sweating. As a general rule, however, prolonged pyrexial 
cases lasting many months, as in melitensis fever, are not common. 
On the other hand, abortus infections may he remarkably persistent over 
a year or more, hut continued fever of over three months’ duration is rare, 
though cases with multiple rigors and the characteristic undulating 
febrile curves have been recorded. Some of the most severe climcal cases 
seen in England have been the result of infections contracted in the 
laboratory. 

The spleen may be palpable as in melitensis infections, but is by no 
means invariably so. The premonitory signs of abortus fever are im- 
portant ; the infection may commence with pain behind the eyes and 
in the alveolar margins of the mouth. Unilateral or bilateral orchitis 
has been noted. There is usually an initial rigor which is followed hy 
headaches, profuse sweats, and arthritic pains. 

Abortion. — The great majority of pregnant women suffering from this 
disease do not abort, hut the organism has been obtained from the vaginal 
contents in one such case. In Champney’s series of 616 cases abortion 
occurred once only. 

Hcemorrhage is somewhat unusual. It was noted in 5 per cent, of 
cases collected by Dalrymple-Champneys. Epistaxis was the commonest 
manifestation, but melsena, haemoptysis, haematemesis, hsematuria, 
menorrhagia, and bleeding from the gums may occur. Robinson (1938) 

11 
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has reported one in which continuous oozing from the mouth and gums, 
associated with purpura, almost proved fatal. 

Bash.—k papular or urticarial rash has been described, but occurs 
very rarelv (Champneys). 

Meningism is uncommon. There is stiffness of the neck, tremor of 
hands, slicing of speech, Kernig’s sign and increased pressure of the 
cerebro-spinal fluid. Meningitis has occasionally been reported and the 
cerebro-spinal fluid may show increase in albumin and sugar content, but 
usually nervous symptoins are transient. One fatal case of meningo- 
encephalitis due to Br. suis has been described in the Mayo Clinic (19^2), 

Cases of meningo-encephalo-myelo-radiculitis have been described. It 
is emphasized that the diagnosis of brucellosis should be thought of in 
cases of chronic ill-health where there are recurring neurological symptoms 
of short duration with identical or diverse localizations. 

Mild and chronic cases.— kike G, Evans noted that in the United States 
chronic brucellosis is often characterized by vague symptoms — weakness, 
nervousness, insomnia, depression and irritability — and that in half the 
cases the agglutination reaction was negative. She therefore suspected 
this disease in cases of chronic ill-health in endemic areas. Mild or masked 
cases with headache are also recorded. In these, ascertainable signs are 
absent, but small rises to 99° and 100° P. occur in a four-hourly chart, 
whilst usually a low-grade agglutination with abortus in a titre of 1 in 20 
can be demonstrated. Kyger (1948), in chronic infections, has described 
symptoms resembling disseminated sclerosis. 

Jaundice.— k form resembling infective hepatitis has been described. 

Localizing symptoms . Usually the arthritic pain and peri -arthritic 
effusions which are so characteristic a feature of inclitensis infections 
are not so prominent. ^ It is, however, necessary to refer to two 
mslanees of isolated joint affections which the Editor has seen. In 
both, the shoulder-joint was affected, apparently due to localized 
aborkis infection. Localized abscesses, and even fixation abscesses in 
bone, due to Br. abortus, have been reported, and constitute the condition 
toown as surgical brucellosis,” as described by Edwards (1937). In 
America, also, osteornyelitis of long bones, including those of the wrist, 
and rarefying osteitis of the metatarsals, are recognized. Vertebral 
lesions resembling spondylitis in Br. suis infection have been described by 
Bishop (1939). 

4^rcom!/cm has been reported by Long and colleagues 
(1948) to have a curative action on this type of nndulant fever whilst 
results in a case of fever due to Br. suis with daily oral doses of 10-60 mgm. 
per kg. have been favourable. To avoid Herxheimer reactions the total 
dafly dose for the first 2-3 days should not exceed 250-500 mgms. Spink 
and colleagues (1948) have reported favourable results in 16 patients. 
Ihe doses were 0*1 grm. in four divided doses on the first day, 0-6 grm. on 
the second, 1-6 grm. on the third, and 2-0 grm. daily from the fourth to 
tenm. prompt improvement occurred and blood cultures were sterile, 
in some there was a rise of temperature, fall of blood pressure and tachy- 
cardia after the initial dose. 
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Molinelli (1950) and colleagues have now epitomized the results of 
aiireomyciii treatment. That it has a remarkable and immediate effect 
there can be no doubt when administered orally or parent erally. In the 
ordinary clinical type oral treatment must be continued for at least thirty 
days to a total of 70 grm. or even more. In serious cases continuous oral 
and intravenous therapy is advisable till a total of 50 grni. of the antibiotic 
has been given. AVhen given intravenously the total dose should be 
15 grm. spread over a period of at least twenty days. 

Prophylaxis. — The prophylaxis of abortus infection in man is mainly 
bound up in the very difficult subject of the treatment and prevention 
of this disease in cattle, for the infection is undoubtedly contracted by 
drinking infected cows' milk by an individual susceptible to the dise.ase. 
In herds of dairy cows, many carriers of the infection exist. There is 
a tendency for the organism to become located in the udder. Prophylactic 
inoculation and immunization of cattle by employing live cultures of 
Br. ahorhis has been extensively practised. In 1906 Bang reported that 
a certain amount of protection could be conferred upon animals by the 
intravenous injection of hving cultures of Br. abortus some weeks before 
copulation, and this method was more extensively applied by Stock- 
man in 1914 to non -pregnant cattle. In recent years a living strain of 
Br. abortus of low virulence has been employed in the immunization of 
cattle in America and England. These do not set up disease in cattle 
or render them infectious, and the organisms are not excreted in the 
milk. It is obvious that the remedy lies in the sterilization of abortus- 
infected .milk, and this can be done by boiling or by pasteurization ; 
thirty minutes at 140-145° F. will destroy the organism. 

Since it was reported by Gilbert and Coleman that in 11 eases of human 
infection in Iowa the source had been traced to association with infected 
hogs, prophylactic measures have been taken in ikmerica in that direction 
and on the same lines. 
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ENTERIC FEVERS 

(AND BACTERIUM COLI INFECTIONS) 

The enteric group of fevers includes typhoid fever, due to Salmonella 
typlii, and paratyphoid fevers, due mainly to Salmonella paratyphi- A 
and S, paratyplii-B. Paratyphoid-C fever has a somewhat different 
symptomatology {see p. 817). These organisms belong to what is now 
kiown as the Sahionella group, and the fevers caused by them were 
classified during the 1914-1918 war as “ enterica.” 

Geographical distribution. — Besides being the scourge of the young 
European in India, enteric is common enough in Japan, in China, in 
Cochin-China, in the Philippines, in Malaya, in Mauritius, in West and 
South Africa, in Algeria, and, in fact, wherever it has been properly 
sought. Thanks to protective inoculation with the triple vaccine (T.A.B.) 
and to sanitary measures, enteric fever during the 1914-1918 war was 
no longer the chief disease in our armies and from 1939-1945 these fevers 
no longer were a menace. 

Prevalence. — Enteric fever is prevalent among young soldiers and 
recently-arrived civilians in the East, but, fortunately, liability to infection 
decreases with length of residence, owing apparently to acquired immunity. 
The well-known immunity of native races to typhoid is probably due 
either to mild attacks of the disease in childhood or to the immunizing 
effect of living in constant contact with typhoid infection. In insanitary 
native cities — Chinese, for example — ^where the European would almost 
surely contract typhoid, the natives have acquired a high degree of 
immunity. The typhoid and paratyphoid infections among Europeans 
in the tropics appear to be more virulent, and to cause a death-rate twice 
as heavy as that commonly observed in England. According to English 
statistics, the death-rate is given as about 1 in 8 attacked, but in India 
the death-rate was stated to be rather over 1 in 3. 

Up to the early days of this century, typhoid in India used to kill 
more European soldiers than did cholera. Enteric fevers are apt to 
occur in camps in localities previously unoccupied by man. This has 
long been noted in India, while in Australia’- typhoid has occurred in 
the back country many hundreds of miles from human habitations. 

Epidemiology and endemiology. — The essential factor in the pro- 
pagation of enteric fevers in the tropics, as in temperate climates, is 
the individual who is passing enteric bacilli in his urine or fasces, or in 
both. He may be in the acute or the convalescent stage, or a “ carrier.” 
Three kinds of enteric carriers are mentioned by writers on this subject : 
(a) The acute carrier, who passes enteric bacilh in the excreta for a short 
period after an attack of enteric fever, (b) The chronic carrier, who continues 
to pass enteric bacilli in the excreta for years, possibly permanently. 
Cl^onic carriers are more often women than men. The gall-bladder 
being the seat of a chronic infection, the carrier may be the victim of 

‘ Sntezic infections have recently been found frequent in Polynesia, especially in Piji. 
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gall-stones and cholecystitis, (c) The 'passive carrier is one TV’ho continues 
to pass enteric bacilli in the faeces ^^ithout lia\ing actually suffered from 
enteric fever. 

The enteric carrier is a danger to the community, the degree of danger 
depending to some extent on his personal hygiene, but much more on 
the sanitary condition of the locality. Under an efficient vrater-carriage 
system of sewage disposal there is a minimum risk, ^^here the conservancy 
system — i.e. the dry closet — is employed, as in the tropics generally, 
the risk of infection is great. The modes of infection are : (1) directly 
from the infected person (patient or carrier) to the susceptible ; (2) in- 
directly through water supply ; and (8) indirectly by fly-carriage and 
contamination of food. 

S. typhi is practically world-^vide. Paratyphoid-A fever is the most 
common form in the East (India), paratyphoid-B fever in Europe. 
During the 1914-1918 war the majority of enteric infections in France 
were paratyphoid-E, and the most extensive epidemic in the British and 
French troops was on the Gallipoli peninsula in 1915. Eut, relatively to 
former campaigns, cases of typhoid were few, the armies being almost 
completely protected by antityphoid inoculation. In the earlier part 
paratyphoid-B was the prevailing infection, while in the later phases the 
cases were almost exclusively paratyphoid-A. Paratyphoid-C fever, 
which resembles the fevers caused by S. certryche and S. suipesiifer, is 
widespread in British Guiana, but elsewhere has probably not the epide- 
miological importance of the other three (Giglioli). 

.Etiology. — Description of crgani8ms,^JSalmon€Ua typhl is a Gram-negative 
motile rod. 2-4 /x in length and 0-5 in thickness. It is provided with numerous 
peritrichous flagella, and is very active when grown on artificial media. On these 
it thrives well, with growth resembling that of Bacterium (Escherichia) coli, but 
less dense. In its biochemical reactions it differs considerably from that organism, 
and produces acid without gas-formation in maltose, glucose, and mannite, but 
causes no change in lactose, saccharose, and duleite. It produces slight acidity 
in milk without clotting. No indol is produced in peptone water (see Table VTI, 
p. 473). A method of identifying strains of S. typhi has been introduced 
by the discovery by Craigie and Yen of the type-specific t 3 rphoid Vi 
bacteriophages. Ey this technique it is possible to divide typhoid bacilli into 
a number of well-defined types. The phage type of a strain is a permanent 
character and the typing of the typhoid bacterium by these means gives reliable 
results. The paratyphoid bacilli A, B, and C resemble in their general morpho- 
logical chaiacters and staining reactions 8 . typhi^ but differ firom it in their 
biochemical and immunity reactions. They also, like 8. typhi, are non-lactose- 
fermenters, but produce acid and gas in glucose, mannite, maltose, and duleite, 
though they do not affect saccharose nor form indol in peptone water. Para- 
typhoid-A bacterium is weaker in fermentative power than B, and it produces 
permanent acidity in litmus milk, whilst B first produces acid, returning later 
to a permanent alkaline reaction. Their immunity reactions are also quite 
specific. Paratyphoid-C bacillus (8. paratyphi-C) differs from B in its immunity 
reaction^, and some bacteriologists might prefer to regard it as a serological 
race of 8. suipestifor. 

The portal of entry of the enteric bacilli into tbe tissues of their host appears 
to be tbe lymphoid masses fornoing the Peyer’s patches and solitary follicles 
of the ileum. Here they cause a hyperplasia of the lymphoid tissues, followed 
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at a later stage, in severe cases, by necrosis, sloughing and ulceration. The 
bacilli pass on to the lymphatic glands of the mesentery and posterior abdomen, 
which become enlarged. Finally, they enter the blood-stream. The period 
of baeillsemia coincides with the early febrile stage of the disease, and haemo- 
culture is successful in the majority of cases in which it is undertaken sufficiently 
early— i.e. while the temperature is still rising, or when it is continued without 
marked remissions. It is seldom successful after the first marked morning' 
remission, especially in paratyphoid fever, or after lysis has commenced. The 
duration of bacillaemia varies greatly, depending on the severity of the case 
and duration of the pyrexia. It is, on an average, longer in typhoid than in 
the paratyphoid fevers. It is important, therefore, in the diagnosis of enteric 
fever, to set about haemoculture as early as possible ; every day’s delay diminishes 
the chance of success. 

Alternately, it has been suggested that in enteric infections the invading 
organisms enter the blood-stream first (possibly through the tonsils), and that the 
intestinal lesions are secondary to the bacillaemia. 

Although bacilli are eliminated in the faeces and urine, they cannot always be 
isolated from the excreta, even on repeated examinations, though the modern use 
of selective media has increased the proportion of successful results. 

Pathology.— The most striking lesions found post mortem (in addition to 
the tissue changes common to all continued fevers) are : ulceration of the 
intestine, especially the Peyer’s patches and solitary follicles in the ileum and 
jejunum; enlargement and congestion of the abdominal lymphatics; and 
enlargement and congestion of the spleen. 

The most notable differences in the post- mortem appearances between typhoid 
and the parat3rphoid fevers are ; in paratyphoid fevers the intestines more 
frequently show no change, though they may bo acutely inflamed throughout 
their length, the lymphatic tissue escaping ; and in paratyphoid fevers ulceration 
of the large intestine is relatively more frequent. Paratyphoid-C is in many 
instances a septicaemia, and deep metastatic abscesses due to this organism 
are described by Giglioli. 

Post-mortem bacteriology . — ^The causative organism in enteric fevers may 
be recovered post mortem from the intestinal lesions, enlarged abdominal 
lymphatics, the spleen, the gall-bladder, the heart’s blood, and other tissues* 

Symptoms. — The usual incubation period for all the enterio infections 
is about fourteen days, but it may be shorter than seven or longer than 
twenty-one days. 

There is a wide range in the severity of the infections, and one clinical 
description camot apply equally to all cases, from the mildest to the 
most severe. The variation is, however, more in the degree than in the 
nature of the chnical manifestations. After all that has been written, 
especially during the 1914-1918 war, on “ atypical *’ enteric fever, this 
group remains, whether in inoculated or uninooulated patients, remarkably 
true to one type— which may be termed the “ enteric type.'’ 

The typical onset is a gradual one, but it may, espeeially in paratyphoid 
fever, be sudden, with a shiver or even a rigor. Headache is the most 
constant early symptom, and is usually 'accompanied by malaise, anorexia, 
pains throughout the body and limbs, and insomnia. The tongue is 
coated, the mouth dry and uncomfortable, and the patient thirsty. There 
IS a characteristic moist facies with cheek-flush, and general apathy. 
These symptonos vary greatly, and in the mildest cases may pass 
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undetected. Epistaxis is more common in typhoid than in paratyphoid. 
There may be pain or general uneasiness in the abdomen, but in mild 
paratyphoids the patient in many cases does not refer to that region. 
There may be diarrhoea from the commencement, or diarrhoea followed 
in a few days by constipation, or the patient may have obstinate con- 
stipation from the beginmng. The temperature Is invariably raised. 
It may mount step-ladder-like during the first week, or it may rise suddenly, 
to reach its highest point in the first 24—28 hours, and, after a period of 
continued fever, begin to remit in the morning and terminate by lysis. 



Chart. 16. — Typhoid fever, with graph of pulse-rate. S, Ty^kx isolated from 
blood 6th day; rose spots present and spleen palpable 9th day. (Garrow,) 


A highly characteristic feature of all the enteric infections is the pulse, 
which is usually soft, often dicrotic, and relatively slow (Charts 16-18). 

On physical examination, the abdomen may. be found more or less 
distended, as in severe typhoid, or there may be little or no distension, 
as in the majority of paratyphoids. Splenic enlargement is practically 
constant, the organ usually being large enough, at some stages of the 
illness, for its lower pole to be palpable below the left costal margin. 
It may be felt in some cases on the second or third day, if the patient 
comes under observation so early, or not until the second or third week, 
or even later. In some cases it becomes palpable for the first time only 
after the temperature has become normal. Usually about the seventh 
to the tenth day, but it may be earlier or much later, “ rose spots appear. 
These vary considerably in number, size, shape, general characters and 
distribution. There may be only two or three on the abdomen, or the 
body and limbs may be covered, from the soles of the feet to the scalp. 
They are of a pale-rose colour, slightly-raised, round or lenticular, and 
fade on pressure. The more profuse eruptions occur in paratyphoid 
fever, especially paratyphoid-A. When the eruption is not of this profuse 
type its distribution is characteristic : 90 per cent, or more of it is on 
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Chart 17. — Paratyphoid -A fever, with graph of pulse-rate. S. ^paratyphi B isolated 
from blood 10th day, and S. paratyphi A on 31st day. (Oarrow.) 


the trunk, between the levels of the iliae crests and the nipples. The 
patient •Qsuall7 coughs and has a certain degree of bronchitis. Certain 
features of S. tyjphi infections, as they occur in Chinese, have been 
renaarked upon by 'Wilkinson, Snapper and others. Multiple rigors 
are by no means uncomnaon. Hepatitis typhosa and jaundice, due to 
empyema of the gall-bladder, are frequent, whilst haemorrhage, perforation 
and phlebitis are rare. The organism has been recovered from the cerebro- 
spinal fluid in patients with meningeal symptoms. Atrophy of the skin 
and alopecia are common sequelae, but a most dangerous complication 
is the lighting-up of long-standing pulmonary tuberculosis. 



Chart 18. — Paratyphold-B fever, with graph of pulse-rate. 8, paratyphi B isolated 
from blood 9th day, (Qarrow) 





DIAGNOSIS 


315 


Typhoid osteomyelitis of the long bones, especially the tibia, or of the 
spine is perhaps a more common sequel in the tropics than elsewhere. 

Diagnosis 

Clinical diagnosis. — In the literature of enteric there is frequent 
reference to mild, atypical, abortive, and clinically unrecognizable forms ; 
and it appears to have become the custom to leave the question of diagnosis 
to the laboratory. This was particularly so during the 1914r-18 war, 
both at home and abroad, and it is greatly to be deprecated, because 
careful and repeated clinical scrutiny of these cases is more than ever 
necessary. In Garrow's opinion, the great majority can be correctly 
diagnosed ehnically. While laboratory methods of diagnosis in the enteric 
group are undoubtedly important, undue value has been attached to 
certain' bacteriological and serological findings, even to the extent of 
creatin^^ new clinical types of the disease to correspond to them. Far 
from being protean in their clinical manifestations, the enteric fevers are 
remarkably constant and true to type. The cardinal signs are five: (1) 
pyrexia of remittent type ending by lysis ,* (2) low pulse-temperature 
ratio ; (3) characteristic toxaemia ; (4) splenic enlargement ; (5) eruption 
of rose spots. It is not pretended that this list exhausts the diagnostic 
signs and sj^ptoms ; but a consideration of these five signs will, in the 
great majority even of the milder cases, lead to correct diagnosis. 

(1) Pyrexia. — Continued pyrexia of remittent type, ending by lysis, 
may be regarded as a feature of every ease of acute enteric fever (tjrphoid 
or paratyphoid). The pyrexia may be high or low, long or short, with 
remissions great or small. The onset of pyrexia may be gradual or sudden, 
and lysis may be slow or rapid, thus giving a great variety of temperature 
charts within the type ; but there is no good evidence to show that the 
fever ever departs from this type. Cases ^presenting the following features 
certainly should not be regarded as enteric : 

(a) Temperature is normal or subnormal throughout the entire illness 

(“apyrexial type of enteric”). 

(b) Temperature reaches normal or subnormal at some period of the 

twenty-four hours on every day of the illness ( ‘‘ intermittent 
type of enteric ”). 

(c) Temperature shows perfect tertian or quartan periodicity through- 

out malarial type of enteric ”). 

(d) Temperature shows a series of short relapses of one to three days’ 

duration, occurring at intervals of a few days trench-fever type 
of enteric ”). 

(e) The temperature ends by a genuine crisis. 

Examples of all these so-called “ types of enteric fever ” will be found 
in the literature, the erroneous diagnosis having been based upon the 
unwarrantable bacteriological or serological finding. 

(2) Lena jpulse-temperature ratio. — One of the most valuable diagnostic 
points is the slowness of the pulse in relation to the pyrexia. The normal 
pulse-temperature ratio may be tabulated as follows : 

Pulse . . 50 60 70 80 90 100 110 120 130 140 

Temperature . 96*^ 98° 99° 100° 101° 102° 103° 104° 105° 
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In enteric fever the pulse is, as a rule, 20, 30 or 40 beats per minute 
slower than thus indicated. For example, it is common to find an enteric 
patient with a temperature ranging about 103° to 104° F. and a pulse 
of 90 beats per minute, or it may be even slower. If the pulse is recorded 
graploically in red ink alongside the temperature curve in black, a 
very striking clinical feature of great diagnostic significance is clearly 
brought out. 

(3) Charactensfic foxcemia— There is something very characteristic in 
the general appearance, facies, and decubitus of the enteric-fever patient. 
His disease may in many cases be confidently diagnosed by a glance. 
He has a dull, heavy, toxin-laden appearance in the early acute stage, 
with a moist face and flushed cheeks. The experienced clinician at once 
recognizes the difference between this and the toxaemia of, say, malaria 
or relapsing fever. In the mildest paratyphoid infections there is little 
or nothing of this toxic appearance, whilst some infections other than 
enteric are accompanied by a general toxeemia closely resembling it. 
Nevertheless, this sign, to the experienced physician, when taken in 
conjunction with the others, is of diagnostic significance. 

(4) SjoJenie enlargeriient . — As some degree of splenomegaly is practically 
invariable, this sign is of considerable value in making a diagnosis. Unlike 
the majority of tropical splenomegalies from other causes (malaria, kala- 
azar, etc.), the enlargement is acute, so that, even when superadded to a 
spleen already enlarged from malaria, it has certain exceptional features 
of diagnostic significance. For example, the acutely enlarged spleen of 
enteric is tender. On palpation, the edge is seldom more than two fingers’ 
breadth below the costal margin, often not so much ; and the enlargement 
is of comparatively short duration. The spleen may only be palpable 
for two or three days, and then recede. It may become palpable as early 
as the second or third day of fever, or not till the second or third week, 
and it may remain enlarged long into convalescence. 

(5) Bose spots may appear in the first week, but more often in the 
second, and tend to come in crops. They may not appear until the 
temperature is normal. In warm climates, many European skins are 
apt to show spots more or less like those of enteric fever, as the result of 
mosquito-bites and of inflammation of hair follicles or sweat-glands. 
Great care must be taken in discriminating between the true spot and 
these “ pseudo-rose spots.’* There are many European skins which, in 
spite of the trying conditions of the tropics, remain free from blemishes 
of this sort, and in these eases the recognition of the typical spots is 
relatively easy. 

Bummary of clinical diagnosis . — ^Every undiagnosed fever in the tropics 
should be regarded as a possible case of enteric fever and closely observed 
clinically, at the same time that bacteriological and serological investi- 
gations are being carried out and Harris’s atropine test is applied. While 
valuable clinical evidence may be obtained from occasional signs, such 
as epistaxis, pea-soup stools, abdominal distension, and haemorrhage from 
the bowel, the diagnosis should rest in the great majority of oases upon 
the presence or absence of the five cardinal signs. Any case presenting the 
first, second, and third signs should be treated as enteric (whether 
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the diagnosis is supported hy laboratory findings or not) until some other 
definite diagnosis is made. No case which does not show the first, together 
with at least two of the remaining four cardinal signs, should be definitely 
regarded as enteric. Five types of temperature chart have been described, 
any of which excludes enteric. These, however, imply that the case has 
had its temperature recorded from the outset, which is not often possible. 
In the majority of cases of active enteric fever, all five signs are present 
at one or other stage of the illness. 

Finally, it should be remembered that, for every case of enteric fever 
which imitates some other disease, there are at least a score of cases of 
other diseases imitating enteric (malaria, trench fever, phthisis, liver 
abscess, syphilis, etc.). 

Taratyjphoid-C, — This, as obser\’'ed by Giglioli in British Guiana, 
although essentially a “ fever” producing a temperature chart not unlike 
those of other paratyphoid fevers, is a septicaemia, and the intestinal tract 
may not be specially involved. Complications such as arthritis, abscess 
formation and cholecystitis are common, whilst fixation abscesses from 
intramuscular quinine injections may occasionally contain a pure culture 
of the bacillus. There appears to be a special connection between paraty- 
phoid-C infection and malaria. The mortahfcy of Giglioli’s series of 92 cases 
of definitely diagnosed paratyphoid-C infections was 38 per cent. Probably 
a great number of abortive and mild cases passed unobserved. A few cases 
were reported in the Army in India during recent years. 

Bacteriological diagnosis of “ enteric ”.—(u) Hcemoculture is 
unquestionably the most satisfactory method of diagnosis ; it should be 
employed, wherever the necessary^ facilities are available, in every case of 
undiagnosed pyrexia in the tropics as soon as a blood-film is found to be 
free from malaria parasites. A successful hsemoculture furnishes the 
only conclusive evidence that the patient is suffering from active enteric 
fever, and can hardly be said to be open to fallacy. Unfortunately^, 
however, the usefulness of the method is limited by the short duration 
of bacillaemia. In many cases which are undoubtedly enteric, negative 
results are obtained because haemoculture has been attempted too late. 
Recent experience has shown that culture from the hlood-clot gives the 
highest percentage of positive results. Culture of material obtained by 
sternal puncture (medulloculture) has been shown to be useful in para- 
typhoid B infections, and in China it has proved to be more practical and 
reliable than blood culture. 

(h) Culture of excreta , — Urine and stools should be plated when blood- 
culture has failed, and this should be repeated during convalescence to 
determine whether the patient is free from infection. Eacilluiia occurs 
after the fourteenth day in about 25 per cent. In about 75 per cent, of 
cases, and, under modem conditions, by employing the brilliant green 
enrichment method, tetrathionate broth or Wilson and Blair’s agar medium 
for concentrating the typhoid and paratyphoid bacilh, cultivation of the 
organisms from the faeces in all stages is now successful. Glass and Wright 
(1987) showed that this method gave a high percentage of results, especially 
in the early stages ; so that during the first two weeks it is more likely to 
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be successful in diagnosis than the Widal reaction. Some positive findings 
from culture of excreta are open to fallacy. The case may be one of an 
enteric carrier suffering from some illness other than enteric — e.g., malaria 
or trench fever. The detection of carriers can only be effectually carried 
out in a fully-equipped laboratory ; at least seven separate and consecutive 
bacteriological faecal tests are necessary. 


Serological diagnosis.— The Widal reaction, or the agglutination of the 
enteric bacilli by the serum of infected patients, is the most reliable test for 
diagnosis. 

When used for uninoculated subjects it gives a reliable diagnosis in the great 
majority of cases. However, possible fallacies are that a positive test may 
result from a previous attack of enteric and a negative result may be obtained 
in the early stages of the fever; should, however, the clinical manifestations be 
suggestive, the test must be repeated on several occasions. There are, it is 
true, exceptional cases of enteric, especially paratyphoid A, which may fail to 
develop agglutinins in the serum. The modern view about this test is that it 
must be both qualitative as well as quantitative. In inoculated persons specific 
agglutinins are produced which are difficult to distinguish from those caused by 
infection. Thus their recognition has not any diagnostic significance. In recent 
times differences in the agglutinins have been established. These are known as 
H and 0. Their significance varies and they also differ in their titres, which 
fluctuates in relation to the progress of the disease. 

The enteric bacilli — S. typhi, 8. paratyphi A, B and C — are usually motile 
and so have flagellar (H) and somatic (0) antigens. The H antigens of these 
organisms differ from one another, but B and C possess a common “group ” 
phase antigen which is also found in many other organisms of this group 
{Salmonella). The 0 antigens are also different, but there exists a considerable 
degree of relation between these, e.g., S. typhi and 8. para B. In order to test 
for H agglutinins formolized suspensions of the organisms are used, whilst for 
0 agglutinins an alcoholized suspension is substituted. In Europe suspension 
of 8. typhi H and 8. para B H (specific phase) and Salmonella H (group phase), 
8. typhi 0 and para B 0 are used, but in the tropics 8. para A or C, H and 0 
are included. 

Inoculation of normal persons with T.A.B. vaccine produces both H and 0 
agglutinins, the 0 usually falls to a low level after the lapse of a year or so, hut 
the H agglutinins persist for many years and are liable to be restimulated by 
various febrile illnesses such as influenza and malaria. This is a most important 
fact which is often overlooked. It therefore follows that, in inoculated subjects, 
the H agglutination is of little value in diagnosis, whilst in those who have been 
repeatedly inoculated the appearance of 0 agglutinins is also of doubtful value. 
Significant titres of agglutinins can only be assessed when the local “ normal ” 
frequency is known. Generally speaking an H titre of L : 50 or over in a patient 
with fever, and about the 7th-10th day of illness would certainly be diagnostic. 
An 0 titre of 1 : 100 or over, whether the patient is inoculated or not, would 
also be significant. 

In doubtful cases it is necessary to repeat the test in a few days in order to 
observe whether the titre of agglutinins is rising or not. It was demonstrated 
by Dreyer and colleagues that if an estimate is made of the agglutinin content 
of the serum early in enteric fevers and repeated at intervals of a few days a 
steady rise to a maadmnm, followed by a slower fall, ensues. The maximum 
titre usually occurs between the eighteenth and twenty-first days of the illness. 

Trom recently isolated virulent drains an additional labile body antigen can 
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be recognized. This is known as Vi antigen which may render the organism 
insensitive to 0 agglutinins. In acute efinical infections Vi antigens usually 
appear early and are extremely transient. The chief importance of this antigen 
is that it is found in the serum of chronic carriers of true typhoid as well as 
paratyphoid bacilli. They thus constitute a useful pointer to a possible carrier 
state, indicating that intensive bacteriological examination of fseces, urine and 
duodenal juice must be undertaken ; they can also be used as an additional 
test in proving that a person is free from infection before discharge from hospital. 
Vi agglutinins differ from the others in that they are not stimulated by the 
vaccines of T.A.B. which are commonly employed and which are killed by heat 
and preserved with phenol. They may, however, be produced by the newer 
alcoholized vaccines. It has therefore become apparent that the original claims 
made by Telix that H, but not 0 agglutinins are produced as the result of 
passive inoculation and not as the result of infection by living organisms, now' 
appears to be incorrect. 

Atropine test. — ^This test, devised by Marris, depends on the fact that in 
health, or disease other than enteric, a hypodermic injection of atropine sulphate 
(s\ gr*) is foRowed by a rise in the pulse-rate amounting to at least 15 beats 
per min ute, whereas in enteric no such rise follows. Should there be any rise 
at all, it will be less than 14 heats per minute, but often there is none. 

The patient should lie horizontally and remain at perfect rest. He should 
not be tested until at least one hour after the last meal. The pulse-rate should 
be counted for at least ten minutes, and then gr. of atropine should he injected 
over the triceps region. After an interval of twenty-five minutes the pulse 
should be counted again, minute by minute, until it is clear that any rise which 
may have followed the injection has begun to pass off. The period of the disease 
during which the test is most reliable is said to be the fifth day to the end of 
the second week. 

Auxiliary methods of diagnosis. — ^The diazo-reaction in the urine is useful, 
but may be present in malaria. Kusso’s methylene-blue test is said to be more 
conclusive, as it is absent in malaria. 

Differential diagnosis.— The abdominal pain of enteric may be 
mistaken for appendicitis, but the matter may easily be settled by a 
leucocyte count, which in the former shows a leucopenia with a relative 
lymphocytosis, and in the latter an active leucoeytosis. Bacterium coli 
infections may resemble enteric. Typhus is notably difficult to distinguish 
in its earlier phases, though the leucoeytosis in that disease may be of 
considerable assistance. 

It must not he forgotten that enteric fever may co-exist with some 
other acute infection such as malaria . 

Diagnosis of typhoid from paratyphoid, — There is no clinical feature to 
distinguish the typhoid and paratyphoid infections from one another 
with any certainty. Yet there are general points in which they differ. 
Thus, typhoid fever {Sal, typhi) is the most severe of the group, with 
the highest case-mortality (15 per cent, or over, as compared with 2 per 
cent, or less for the paratyphoid fevers). The typhoid patient looks 
more toxic; his temperature is, on an average, higher, with smaller 
morning remissions ; he more frequently shows evidence of gross mtestinal 
lesions (ulceration) e.g. diarrhoea, hsemorrhage, abdominal distension, 
perforation. The rash is more scanty and the individual “ rose spots ” 
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are smaller and slightly darker than in paratyphoid. There is greater 
loss of flesh in typhoid than in paratyphoid. Paratyphoid is characterized 
by a milder toxaemia. There is seldom abdominal pain or distension, 
and constipation is the rule. Hemorrhage and perforation are rare. 
The rash is more profuse and may cover the entire body and limbs. • 

But typhoid is frequently of the very mild type, and, on the other hand, 
paratyphoid may be hke the worst typhoid. It is therefore quite impossible 
to say on clinical grounds alone whether any individual case is one of 
typhoid or paratyphoid. 

Still less is it possible to arrive at a differential diagnosis on clinical grounds 
between A, B, and C cases of paratyphoid, although here again, over a series 
of cases, distinct clinical differences can be noticed. For example, relapses in 
paratypboid-A are more frequent than in any other of the enteric infections, 
and less frequent in paratyphoid- B. Paratyphoid- A is, on an average, of longer 
febrile duration than paratyphoid-B, but the latter, on the other hand, is more 
often followed by jaundice, thrombosis and suppurative complications. 

Treatment.—- There was until 1948 no generally accepted specific 
therapy for enteric fever ; and, with the exception of Chloromycetin, no 
drug is known to exercise an active influence over this disease. It is best 
to confine treatment to providing thebest hygienic conditions, good nursing, 
and careful dieting. All that the great majority of mild paratyphoid cases 
require is a soap-and~water enema every other day to relieve the con- 
stipation. Milk should be the diet while the patient is febrile ; thereafter 
custard, milk pudding, soup, fish, and meat diet. The diet should contain 
about 70 gnn. of protein a day, with a caloric value of 2,500-3,000. Water 
should he given freely. Purgative medicines should be avoided. The 
care and cleanliness of the mouth and teeth are important. 

In cases marked by great toxicity with high temperature (over 102-5° P.) 
and no morning remissions, tepid sponging is beneficial ; in the worst 
cases the cold bath or ice pack may be used. The temperature of the 
water should be between 70° and 85° F. ; a tub of canvas and mackintosh 
sheeting may be improvised. Food may be given as a stimulant after 
the bath. The rectal temperature should be taken immediately on 
removal from the water, and again three-quarters of an hour later. 

Felix 8 cLTitiseruTn treatment. — ^Working on his observations on the virulence of 
smooth strains of S. typU towards the “ 0 ” antibody and the Vi antigen which is 
definitely associated with virulence, Felix (1935) produced an efficient antiserum 
from horses by injecting the Vi antibody. The therapeutic effects of .this serum 
have been tested in a number of cases in Palestine and in Dublin. The results 
so far obtained are encouraging, for they indicate a favourable action on the 
toxaemic manifestations of the disease and the pyrexia. The dose is 25 ml. of 
serum on three successive days. In very severe cases this dose may be doubled. 
HcSweeney reported the recovery of a dangerous relapse treated in this manner, 
as well as of a child of four years with typhoid meningitis in which the organism 
had been recovered from the cerebro-spinal fluid. 

GMoromycetin [cUommflenicol).—In vitro this antibiotic inactivates 
Sz typhi in 0-25 mgm. per ml. Ten cases treated by Woodward and 
colleagues in Malaya (1948) with initial oral dosage of 50 mgm. per kg: body 
weight, thereafter 0*25 mgm. ©very two hours till the temperature was 
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normal, did well and the mean duration of fever was 3*5 days after treat- 
ment. Two patients, however, subsequently relapsed with bacteriaemia. 
These results have in the main been confirmed by Murgatroyd and others 
(1949), but it has no apparent effect on the typhoid bacilli or on typhoid 
carriers. It is agreed that the treatment should extend over 14 days at 
50-100 mgm. per kg. daily. 

Smadel, who has had an extensive experience of this treatment, finds 
that there is little, if any, clinical improvement in the first 36 hours and 
patients usually become afebrile about the fourth day. The bacterissmia 
ceases several days before the fever and toxaemia subsides. In his latest 
reports he emphasizes that cortisone given together with chloramphenicol 
controls the fever more completely. Cases become afebrile 15 hours after 
the combined therapy has been initiated, when a total of 200 mgm. 
cortisone and 4*5 grm. chloramphenicol had been given: even then, it was 
found that an intestinal haemorrhage continued for some days longer. 
The larger the doses of cortisone, the shorter the afebrile period, for it 
was shown in eight cases when given 200 mgm. cortisone on the first and 
100 mgm. on two succeeding days, together with chloramphenicol, that 
pyrexia was limited to fifteen hours only. 

The largest series of treated cases come from Chile and the Philippines. 
In the former Kraljevic, Perroni and others gave capsules of 250 mgm. 
chloramphenicol and, after an initial loading dose, daily maintenance 
varied from 1-6 grm. in divided doses every 2-3 hours. Nevertheless 
melaena occurred in eight, perforation in five, and there were six deaths. 

Valdivieso, also in Chde, rates chloramphenicol as specific, but if 
administration is stopped too early relapses occur. The best scheme is in 
50 mgm. doses one every four hours and kept up for ten days after the 
treatment has fallen to normal. Lantin and colleagues in the Philippines 
give a loading dose 1-2*5 grm. followed by ()*25 grm. every 2-4 hours 
during the febrile period and at lengthened intervals of one week after the 
temperature has settled. In the most seriously ill and toxic eases chloram- 
phenicol seems to hasten death and then may be contra-indicated. 

Eeeent papers suggest a combination of aureomycin and ehioramphenieol 
may be better. 

Por the bacilluria associated with enteric, urotropine (hexamine) in 
doses of gr. 10 three times a day usually acts, though the sulphonamides — 
sulphapyridine especially — ^liave proved more efficacious. 

In hsemorrhage, all fluids should be stopped for at least 48 hours, and 
sufficient morphia injected to keep the patient at rest. Though a very 
large amount of blood may be lost without causing a fatal result, yet, 
when feeding is recommenced, it should be proceeded with very carefully. 
As a general rule, one large haemorrhage is less serious than a number 
of smaller ones. When bleeding has ceased, a subcutaneous infusion 
with saline up to IJ pints may be permitted, and this may be repeated 
later should no further haemorrhage occur. Blood transfusion has been 
employed with advantage and appears to arrest the haemorrhage. It is 
advisable, should haemorrhage be suspected, to give ^0 gr. of calcium 
lactate three times daily ; some make a practice of doing so from the 
sixteenth to the twentieth day of a typhoid fever, and from the fourteenth 
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to tlie eighteenth day of a paratyphoid. In thrombosis, sodium citrate is 
indicated. 

Prophylaxis. — Anti-enteric inoculalwn has been conspicuously success- 
ful, as sho'wn by the statistics of the American Army, and of the British 
Army in India. During the 1914-18 war the vaccine was modified 
by the introduction of S. paratyphi-A and -B, and the statistics furnish 
conclusive evidence of the efficacy of this measure of prevention, not 
only in lessening the incidence, but also in modifying the disease or 
diseases. Therefore, everybody proceeding from a country such as 
England to the tropics or subtropics should be inoculated with two doses 
of triple vaccine (T.A.B.), and should be re-inoculated every year subse- 
quently with one “ booster ” dose, 1 ml., so long as he remains in a country 
where enteric is prevalent. 

The typhoid vaccine, as originally introduced, caused a considerable 
reaction, but by better methods of preparation and dosage in recent 
years the reaction has been mitigated. The official vaccine contains 
1,000 millions of typhoid bacilli, 750 millions of paratyphoid-A, and an 
equal number of paratyphoid-B, to each c.c. Two doses of 0-5 c.c. and 
1 c.c. are given at an interval of ten days. The reaction in the majority 
of instances is slight. Occasionally, however, cases of persistent pyrexia 
with severe local symptoms, malaise, and headache are met. In countries 
where paratyphoid-C is prevalent a tetravalent vaccine should be employed. 

Preparation of the vaccine , — The organisms are grown upon trypsin-agar, 
washed off in saline and killed by heat. The vaccine is then standardized by 
combining the various bacterial suspensions in their appropriate proportions. 
The final emulsion is preserved by the addition of 0*4 per cent, lysol. 

Statistics . — During the South African War, when prophylactic inoculation 
was incompletely practised, there were 60,000 cases of enteric, with S,227 deaths. 
With millions of -men under arms during the first two years of the 1914-18 war, 
only some 4,000 cases of enteric were reported from Trance, with a case- mortality 
of less than 2 per cent. In the Navy, Bassett-Smith’s statistics record an 
incidence of only 144 cases of enteric during the year 1917, of which 8 occurred 
in inoculated and 136 in uninoculated individuals. 

The American Army shows much the same figures ; for two years, 1917-19, 
among an average strength of over two million men, there were only 213 deaths 
from enteric, and it is calculated that, had typhoid prevailed in the same pro- 
portion as in the uninoculated troops in the Spanish-American War, the death- 
roll from this cause would have been over 60,000. 

In the Royal Air Force a dissolved T.A.B. vaccine is used, the solvent being 
sodium lauryl sulphate. This vaccine is prepared by Glaxo Laboratories. 
When injected it gives rise to reactions considerably milder than did that formerly 
employed, though it appears to produce an equal quantity of bactericidal bodies 
in the blood of inoculated persons. No definite correlation has been found 
between the H and 0 agglutinin titre and the bactericidal potency of the human 
sera tested. 

The problem of enteric infections among natives employed in the Rand Gold 
Mines has given rise to a considerable degree of anxiety. In seven years ( 1 930-37 ) 
the number of cases was 6,611, and the “ carrier problem ” among these people 
is very serious. In December, 1936, inoculation with endotoxoid vaccine was 
initiated, with a great diminution in the number of cases of “ enteric ’’ notified. 
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The prophylactic inoculation against typhoid and paratyphoid fev'ers has been 
recommended by the Transvaal IVIines Aledical Oihcers’ Association. 

Vi antigen , — Felix has shown that in typhoid and paratyphoid 
formalin (commonly used for hilling cultures) has a definite deleterious 
action on “ 0 ” antigen which is concerned with typhoid immunity, 
whereas heating to 60° C, or higher, leaves this antigen intact. Another 
antigen of typhoid — the Vi antigen — ^which Felix maintains is connected 
with typhoid immunity, is destroyed by heating to 60° C, or by formalin, 
but can he preserved by killing the bacteria with 75 per cent, alcohol. 

Vi aleohol-ldlled vaccine is under trial. The vaccine retains its power 
after storage in the cold for at least nine months. Felix, Rainsford and 
Stokes compared this Vi vaccine (r.A.B.) with ordinary heat-killed 
TA.B. and T.A.B.C. vaccine from various sources. Two marked 
differences were found between groups of subjects inoculated with the 
two types: alcohol-killed and preserved vaccines stimulated demonstrable 
Vi antibodies in a relatively high proportion, whereas the Vi antibody 
response to ordinary vaccines is negligible. Ko significant difference in 0 
antibody response was observed. Reactions produced by alcoholized 
vaccines were milder than by the ordinary method. 

Felix's Vi Vaccine contains : 

1,000 million Sal typhi. 


50D „ A, B, C. per. ml. 

Dosage, 

1st dose. 

2nd 

dose. 

Adult males .... 

, 0-25 ml. 

0-5 

ml. 

„ females 

. 0-2 „ 

0-4 


Children 

16-18 

. 0-2 „ 

0-4 

>> 

13-15 

. 0-1 „ 

0-2 

93 

9-12 

. 0-05 „ 

0*1 

99 

under 8 

. 0-05 „ 

0-05 

99 


Interval between injections ; three weeks ; re vaccination advisable one 
year after primary immunization. The injections should be made as late as 
possible in the day. 

Measures to avoid infection , — The most effective method for avoiding 
enteric infection is the water-carriage system of sewage-disposal This, 
liowever, is not general in the tropics, so that other methods must be 
considered. They are : (a) detection of enteric carriers and their control, 
especially in relation to the selection, distribution and cooking of food ; 
(b) protection of water supplies ; (c) extermination of flies, and preventing 
them from access to excreta and refuse on the one hand, and to food for 
human consumption on the other. 

Entbrio-like Tevbbs 

Septicsemia due to Bacterium alkaligenes and other organisms. — During 
recent years a series of mild pyrexias, of either remittent or intermittent 
type, has been proved by Hirst and others to be due to infection with Bact. 
alkaligenes (Table YII, p. 473). It is a common inhabitant of the intestinal 
canal, where it is not definitely known to exert any pathogenic action. The 
fever it gives rise to in the blood-stream may last from two to fifteen days. 
There is an evening rise with marked morning remission. The symptoms 
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resemble those of a mild enteric, the pulse is slow in relation to the temperature, 
and the tongue is slightly furred. In some cases the patient’s serum agglutinates 
the homologous organism in a dilution of 1 in 50. 

In outbreaks of food-poisoning or “ ptomaine poisoning,” which occur from 
time to time, bacilli of the Salmonella group, Sal enteritiiis, S. suipestifer, 
have been isolated from the bloodstream. The fevers they produce have many 
features in common with enteric. They differ in the suddenness of the onset, 
Avith rigors, the accentuation of the gastro-intestinal symptoms, the short 
duration and rapid termination of the fever. 8. snipestifer resembles 8. para- 
typhi-B in its biochemical, but may be differentiated by its serological reactions. 

Bacterium (Eschereria) coli infections. — Infection of the bladder and 
urinary tract with Bad. coli is frequently met in both sexes in the tropics. Should 
the organism enter the bloodstream it may give rise to a prolonged intermittent 
P57Texia resembling enteric. Bad. coli septicaemia and pyaemia may be a terminal 
infection in debilitated persons, especially as a sequel of baciUary dysentery ; 
in these cases the organisms gain entrance to the bloodstream through the 
intestinal lesions, and, becoming arrested in the glomeruli, give rise to multiple 
and minute abscesses in the cortex of the kidneys, from which they escape inter- 
mittently and appear in the urine (Fig. 51). The condition, which was first 
described in Egypt by Enright and the Editor, has now been found fairly 
commonly as a sequel of bacillary dysentery in the Middle East. The general 
condition of the patient, the stupor and the intoxication, may resemble those 
of enteric, but the onset is generally sudden, with headache, and acute pain 
referred to both kidney regions. U sually vesical irritation is absent . The tongue 
is thickly furred ; rigors are numerous and accompanied by profuse sweats. The 
organism may be recovered in pure culture from the bloodstream during the 
rigors, as well as from the urine by ureteric catheterization. The acute attacks 
are apt to be confused with those of malaria. This form of Bact. coli infection is 
amenable to sulphonamide (sulphapyridine and sulphadiazine) treatment and 
streptomycin. 

Pyelitis. — It was formerly considered that the anatomical relationship of 
the renal pelvis to the colon determined the frequency of infection, especially 
in women, but Leishman (1939) found that looseness of the bowels was the most 
frequent determining factor, suggesting an ascending infection. The symptoms 
may commence with a rigor and a dull aching pain in the loins which is increased 
on pressure. Micturition may be frequent, and sometimes a large and tender 
kidney may be palpated. The results of the inflammation are soon seen in the 
urine, which contains albumin, pus cells, and sometimes even blood. Bact. 
coli is present in large numbers, especially in the first specimen of urine passed 
during the day. Differentiation from malaria, which it may closely resemble, 
may be necessary. Cystitis with pyrexia and acid urine may also be due to 
Bad. coli and is very apt to occur as a sequel to any debilitating tropical fever, 
especially enteric infections. It is always necessary to consider this possibility. 
Bad. coli infections of the urinary tract are quite commonly engrafted upon 
some other more serious infection, such as tuberculosis, and may mask the 
original picture of this disease. The possibility of ascending infection of the 
ureters from a long-standing prostatitis or urethritis in the male must not be 
ignored. In women this may be a sequel of miscarriage or parturition. 

Treatment . — The treatment of Bact. coli infections of the urinary tract, which 
is so important in tropical practice, has been placed on a much surer and more 
satisfactory footing by modern discoveries in therapeutics. It was found that 
the excretion of ketone bodies in the urine destroyed the greater number 
of the Bad. coli organisms, and this led to the application of mandelic acid, 
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wMch produces similar changes in the urine. Mandelic acid is related to 
/3-liydroxybutyric acid and produces a high degree of acidity — ^Ho — in the 
urine, together with acetone. A methyl-red indicator is employed to estimate 
the hydrogen-ion concentration. 

The original mandelic acid method has now been superseded by the use of 
more modem preparations, such as ammonium mandelate, mandelix and 

1 



Fig. 51. — Sections of kidney in Bad, ccli septicaemia. 

1, Aggr^atlon of organisms in intertubular capillaries ; 2, large collection of organisms in a medullary 
Tein : 3, passage of bacilli through tabular epithelium of duct of lelliui into lumen, 

mandecoU in which ammonium chloride is combined with mandelic acid. These 
preparations are given as 1-2 drachm doses three times daily directly after 
meals until the urine has become sufficiently acid, the fluid intake being restricted 
to 40 oz. daily, and are very often successful in cases of pure Bact. coli pyelitis. 

Sulphonamides are especially useful in Bact coli cystitis and trigonitis. Sul- 
phapyridine and sulphadiazine in doses up to 3 grm. daily for 10-14 days may be 
reinforced, if necessary, by after-treatment with mandelic acid preparations. A 
better preparation is ‘‘ Steramine,” which is sulphacetamide^ j acetyl derivative 
of sulphanilamide). It possesses a low toxicity with high antibacterial activity. 
^ AlbuciU is the alternative trade name 
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In most acute cases tlie dose is 2 grm. initially, followed by 1 grm. four-hourly 
for two days, then 1 grm. six-hourly for two days and finally 1 grm. eight-hourly 
for a further two days. In obstinate cases treatment lasting 10-14 days may be 
necessary. Intravenous injections of 5 ml. of a 30 per cent, solution may be 
given at the commencement of the course. No attention need be given to the pH 
value of the urine. Proportionately smaller doses are necessary for children. 
Fergusson, Reinold and Wrigley (1948) have found that a new sulphonamide — 
NTJ-445 (Roche) — dimethylsulphanilamido-isoxazole — gives the best results in 
urinary infections. The initial dose is 3 grm. followed by 2 grm. at eight -hourly 
intervals until 31 grm. has been given over a period of five days. The drug has a 
greater bacteriostatic effect in slightly alkahne urine. The toxic manifestations 
of these drugs, which include methsemoglobinaemia, are not common. In some 
patients they may produce headaches, or even drug fever and abdominal pain. 
It is necessary to estimate the leucocyte count at regular intervals, as leucopenia, 
or even agranulocytosis, may supervene. Streptomycin when injected in full 
doses gives good results in sterilizing the urine. Recent reports indicate that 
aureomycin has the same action. 

It must be emphasized that, in employing these therapeutic measures, the 
condition of the kidneys and ureters should first he ascertained by means of 
excretion urography (uroselectan). Sometimes a calculus may be discovered 
in the renal pelvis or in the ureters, which may be the seat of the Bad. coli 
infection, necessitating surgical intervention. 



Subsection E.-DISEASES CAUSED BY VIRUSES 

CHAPTER XVII 
YELLOW FEVER 

Synonyms. — Typhus icteroides ; Fi^vrejaune ; Piebre amarilla (Spanish) ; 
Gelbfieber. “ Amaryl ’’—International nomenclature. 

Definition.— An acute, specific febrile infection, due to a filterable virus, 
occurring epidemically, or endemically within a limited geographical 
area. It is primarily an infection of monkeys in which it is largely 
asymptomatic. Though subject to great variation and occurring some- 
times in a mild form, both in Africans and in Europeans, its typical clinical 
manifestations may be said to he a sthenic initial stage, rapidly followed 
by an adynamic condition. Jaundice and albuminuria commonly occur. 
One attack confers immunity for life. The virus is transmitted principally 
by female aedine mosquitoes, which remain infective during their lifetime. 

Geographical distribution. — This is considerably wider than was 
formerly supposed, though in the 18th and 19th centuries outbreaks 
occurred in areas where they are no longer seen. For a great deal of our 
knowledge we are indebted to the labours of the International Health 
Division of the Rockefeller Foundation which, by means of the mouse- 
protection test (see p. S36), has shown that it can be determined whether 
yellow fever has been present in a district during the lifetime of the 
present inhabitants and, from the ages of those with positive protection, 
when the last epidemic occuned. At present yellow fever is mainly 
confined to South and Central America, and in Africa south of the 
Sahara from the Atlantic Coast to the Red Sea and Indian Ocean (Map R^. 
In comparatively recent times it is known to have been widespread in the 
West Indies, Mexico and in the United States, as far north as Philadelphia 
(1793) and Memphis (Mich.) (1878), and as far south as New Orleans and 
Galveston (1905). During the last century it was imported from time to 
time by ships to the Canary Isles, Spain, Portugal and to the small islands 
of Ascension and St. Helena in the South Atlantic, in all of which limited 
outbreaks took place. In 1865 a few cases occurred in Swansea, South 
Wales. The disease has never invaded Asia or Australia. It is still by no 
means certain whether yellow fever originated in West Africa and was 
conveyed by ships to the West Indies and South America, or whether the 
disease was enzootic in America before the coming of man. 

In South America yellow fever was endemic in Brazil, Bolivia, Colombia, 
Peru, Venezuela and Guatemala, and there is some evidence that it still 
exists in British and Dutch Guiana. In their campa^ against yellow 
fever the Rockefeller Foundation concentrated on eradicating the seed- 
beds of infection” on the South American continent in the belief that 
they were few. The clearing of Rio, Santos and Nichtheroy was followed 
by apparent disappearance of yellow fever from the whole of Southern 
Brazil. After a campaign in Guayaquil and another in Peru in 1920, no 
further cases were recorded on the Pacific Coast. Similar results were 
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oLtained in Colombia, Mexico and Central America. Yellow fever 
reappeared in Panama in 1948-1949 after an absence of forty years -when 
four cases of the jungle variety were diagnosed (Herrera). 

In 1928-1929 yellow fever reappeared in Eio de Janeiro. Soon locally 
infected cases occurred in the Brazilian States of Sao Paulo, Minas Geraes, 
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Eio, Bahia, Sergipe, Pernambuco and Para. In 1932, by the introduction 
of the visoerotome, an instrument for obtaining liver tissue for examination, 
It was possiUe to prove the existence of “jungle yellow fever ” (in the 
absence of Aedes cegi/pti^ in Espirito Santo. This is now regarded as 
the onginal and more permanent form of yellow fever. In West Africa 
yellow fever has long been known from Senegal to the Congo, while the 
long story of British endeavour in the development of this country, 
espeoiaUy Sierra Leone and the Gold Coast, is one of struggle against 
yellow fever. (La 1826, out of the garrison of 685 soldiers, 115 were dead 
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within two months, while of the first detachment of troops which occupied 
Cape Coast Castle in 1823 only one man was alive a year later. In 1878 
an epidemic involved the whole of Senegal, affecting 1,474 Europeans,) 

In the epidemic in Accra in 1937 the native population and Syrians 
were alone affected. Small outbreaks took place on the Congo at Matadi 
and Boma in 1927 and 1928, at Bathurst on the Gambia in 1935, and 
there were numerous other cases on the Gold Coast and in Nigeria in 1987 
and 1938. The most extensive epidemic of yellow fever recorded in 
Africa broke out in the Nuba Mountains, Southern Sudan, in May, 1940, 
and there were 17,000 cases with a mortahty-rate of 10 per cent. Previous 
to this, one single case of yellow fever had been recognized at Malakal in 
1934. The epidemic subsided in November and was followed by a rise in 
the proportion of immunes in the population. 

An epidemic confined to non-Europeans occurred in Nigeria in 1946 and 
in 1951 in the northern Province. 

Recent Information. — The fact that severe and fatal eases hare not 
been seen, or recognized, does not warrant the assumption that an area 
is free from this infection. 

Congo area, in 1940 yellow fever was reported at Yatolema near Stanley- 
ville, in Northern Rhodesia in 1948 at Balovale, in Southern Rhodesia on 
the Zambesi Eiver and in North West comer near the Angola border. 

Anglo-Egyptian Sudan , — Additional evidence from the Eung area has 
shown that yellow fever has recently occurred as far East as the Abyssinian 
border. In the equatorial province. East of the \'Miite Nile, yellow fever is 
widely distributed. A fatal case in a European was reported in Torit in 
1942 and also one in Kapoeta. Immune sera have been found in the 
Imatong tribe in the Imatong Mountains. 

In Southern Abyssinia one protective serum has been obtained. 

Eritrea . — The evidence is that yellow fever has recently occurred in 
coastal areas and in the western plains, near the Red Sea coast, and also 
in Somalia. 

Kenya . — A fatal case occurred in Kitale in 1942 and a second in 1948. 
Immune sera have been found in the adjoining Langata forest. 

Zanzibar and Tanganyika have been found free from recent infection. 

It has now been shown, as the result of immunity surveys, that yellow 
fever extends in a region from St. Louis on the coast of Senegal, just 
north of Cape Verde, eastward at latitude 15° N. along the southern 
borders of the Sahara through El Fasher to Billing in the Southern Sudan. 
Thence the line bends southwards at Eashad in the Nuba Mountains, 
crossing the White Nile south of Jebelein, passes through Dar Fung, the 
area between the White and Blue Niles, up to and possibly beyond the 
Sudan- Abyssinian border. An extension eastward has been established 
to the N.W. boundary of Eritrea and the Red Sea coast, thence S. to the 
border of Somalia, at 36° meridian of longitude, south of Lake Rudolf. 
The eastern border runs through Western Uganda to the west of Lakes 
Victoria and Tanganyika, and thence diagonally at 10° S. parallel, across 
the Belgian Congo to the mouth of that river. In the west the line follows 
the Atlantic coast from Senegal to Santo Amtonio in the extreme north 
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of Angola : a total area comprising approximately four million square 
miles. The islands in the Gulf of Guinea are included as well as the 
Balovale district of Northern Rhodesia and part of Rechuanaland, (Map IV.) 

In the Western hemisphere the endemic area is hounded by a line 
running from Turbo in North Colombia directly south to the northern 
boundary of Ecuador and thence along the eastern slopes of the Andes, 
below an elevation of 6,000 feet, to the northern boundary of Argentina; 
thence east along the twenty-second parallel of latitude to the west border 
of Brazil, thence in a north-east direction to the junction of the states of 
Maranhoa and Para on the Atlantic Coast of Brazil, and thence along the 
Atlantic and Caribbean coasts of South America to Turbo. In addition 
the Isthmus of Panama, from the canal zone to the border of Panama and 
Colombia, and the Ilheos and Itabuna districts in the state of Bahia in 
Brazil are regarded as endemic areas. (Map V.) 

Finally, it is obvious that the geographical distribution of yellow fever 
does not correspond with that of A. cegyv^h a.s the Orient, with its suscep- 
tible population and abundance of suitable mosquitoes, has so far remained 
free. 

Epidemiology. — In former times it was generally considered that yellow 
fever was mainly confined to seaports and that it seldom spread far inland, 
but this is now known not to be the case. A study of epidemics shows 
that the virus of yellow fever can be readily transported from one place 
to another and that for its development in the mosquito it requires, 
usually, a mean atmospheric temperature of 75° F. (24-25° C.), and that 
endemic centres have never extended beyond 40° N. Lat. and 35° S. where 
the isotherm is not below 68° F. (20° G.). A high wet-hulb temperature 
favours yellow fever, so that it is most likely to arise and spread during the 
rainy season. It may, however, be found in mountainous regions up to 
4,000 ft. In spreading inland it appears to follow lines of communication. 

Conceptions on the epidemiology of yellow fever have had to be con- 
siderably revised since the discovery of the jungle form. Some authorities 
recognize three divisions — urban, rural and jungle — the last of which is 
thought to he the most primitive. Soper, on the other hand, favours 
the following classification : 

(1) The urban and rural types are a domestic and purely human disease 
with a simple cycle of infection depending upon man and the insect vector, 
Aedes CBgyjpii, but these forms cannot spread in the absence of A. 
cegypti mosquitoes in sufficient numbers. 

(2) Jungle yellow fever, involving man and animals, in the absence of 
Aides cegypti, indicates that neither this insect nor man himself is an 
essential element in the insect-vertebrate cycle of infection which main- 
tains the reservoir of the virus in the jungle. 

Jungle Yelhw Fever . — It is now known that this form of yellow fever is 
conveyed by the bites of certain jungle mosquitoes (in Bolivia, Colombia 
and Brazil by Aides leucocelcemis, Hcemagogus spegazzmiifoUco and possibly 
also Sdbethoidee mosquitoes) . There is now little doubt that jungle yellow 
fever exists also in Africa, where isolated cases have been found in the bush. 
The most important focus about which we have definite information was 
discovered by Mahaffy and his colleagues in 1941 in North Uganda, on the 
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Seinliki ^est of Ew™ 

(B-wamLa country). Ihe nortaem ^ ^ 

simp^oni-wMeli appears to Be the Tector m this area. 
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Distribution ot Yellow Fever in South America 
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Bwamba lies in the extreme west of Uganda bordering on the Belgian Congo 
and is a lowland forest area bounded by the rivers Semliki and Lamia as well as 
by the Ruwenzori mountains. The popnlation is sparse on the mountain slopes 
and grassy plains, but more dense in the cultivated strips in the foothills. The 
fertile area is crossed by mountain streams. Larvje of some tree-hole breeding 
mosquitoes occur in rot holes in soft-wooded figs and in pools enclosed in their 
buttress roots, but not in water held in fallen leaf tracts of the umbrella tree 
{Musanga smithii). Outside, the forest fig and Cassia plantations are the haunts 
of tree-hole breeders. The climate is warm and fairly equable. The highest 
temperature recorded is 98° F., but it rarely falls below 15° C. (59° F.). Humidity 
is high and approaches saturation during the cooler parts of the day. 

The armual rainfall is 50-60 inches, occurring in two rainy seasons, vernal and 
autumnal equinoxes. 

The evolution of epide7)iics of yelloio fever. — In experimental infection 
of humans the shortest incubation period recorded is about two days, but 
under natural conditions, it is from one to six and a half days. A period 
of at least fourteen days may elapse between the arrival of a yellow-fever- 
stiicken patient in a hitherto uninfected district and the first case of the 
epidemic to which he may give rise. This would indicate that the period 
between the introduction of the virus into the body and the development 
of fever is usually some three to five days, yet a period of at least twelve 
days must elapse before that virus, removed from the human body, can 
be transmitted by mosquitoes to another man. This is known as the 
extrinsic period and represents the time taken for the virus to multiply inside 
the mosquito, though experiments with these insects, when fed. on monkeys, 
show that this may be reduced to eight or nine days at high temperatures ; 
at low temperature the mosquitoes may 'never become injective. 

ConditioTis favouring endemicity. — For yellow fever to continue in an 
urban community three factors are necessary : (1) the virus, (2) the vector, 
and (3) susceptible human beings living under conditions in which both 
virus and man are easily accessible to the mosquito. A break in this 
chain suffices to eliminate the disease. In the urban, and more especially 
in the rural type, yellow fever cannot continue to exist in a community, 
unless Aedes cegypti mosquitoes are present in sufficient numbers. But in a 
population, which has become to a great extent immune to yellow fever, 
it is obvious that a greater number of infected mosquitoes are necessary 
to maintain the virus. Thus, from time to time the disease has disappeared 
from towns in South America in which no sanitary worlc had been done 
to eliminate the mosquito ; the explanation being that there was a lack 
of susceptible persons to continue the existence of the virus in man. 

PossihilUij of animal reservoirs of the virus. — The maintenance of the 
virus in endemic jungle yellow fever has been difficult to explain. It is 
possible that it might be carried on solely by the mosquito-man cycle 
through the combined presence of infected mosquitoes and frequent 
human cases. Thus, if cases were occurring continuously in man in any 
particular area, it should be possible to obtain the virus from the blood 
of these patients for, even if the vast majority had mild, or even sub- 
clinical symptoms, a few typical cases should be encountered from time 
to time. The second possibility is the existence of animal reservoirs. In 
1914 Balfour drew attention to the great mortality amongst red howler 
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monkeys {Alouatta seiiiculus) which preceded outbreaks of yellow fever 
in Trinidad and Venezuela. Amongst the natives the belief was strongly 
held that this presaged a human epidemic. In 1935 monke.ys with immune 
bodies to yellow fever were discovered both in South America and in 
Africa.^ Then Soper (1938), in an outbreak in the States of Minas Geraes 
and Rio de Janeiro, found increased mortahty amongst these monkeys 
and, by protection tests, that they constituted an important factor in the 
spread of jungle yellow fever in Brazil. As the result of more recent work 
in South America it has been shown that inoculation of the virus into 
certain wild animals produces no appreciable iUness, though it is still 
present in their blood for some days. Such animals are monkeys, 
marmosets, opossums of all species, especially Didelphis marsupialiSi ant- 
eaters, sloths, armadillos, the agouti, paca, capybara and some mice. 
Their movements are not restricted, and so the virus can spread over a 
mde area; transmission is then probably effected by jungle mosquitoes. 

]\rahaffy regards jungle fever as primarily a disease of primates in the 
forest and to spread by Aedes africaniishvLt, the arboreal monkeys raid the 
plantations of the neighbouring Africans for food and, in doing so, they 
come into contact with Aedes simpsoni which may become infected from 
them and in this manner spread the disease to man. This mosquito too 
may also enter the forest for a blood meal. In this instance Aides cBgypti 
though present, apparently plays no part in the cycle. 

In Central Africa there is some suggestive evidence. Pruner’s hedgehog 
(Atelerix albiventris) has been found very susceptible to yellow fever, 
and the presence of immune bodies in the blood of a monkey, Colohiis badius 
waldroni, was verified by Pindlay on the Gold Coast in 1935. He, more- 
over, showed that the sera of about 25 per cent, of the monkeys in Central 
Africa are protective. 

It seems, therefore, that in rural and in jxmgle areas yellow fever may 
persist in the absence of susceptible humans. It is also a curious fact 
that normal cows’ serum protects in certain instances. These findings 
seem to show that there are other methods of spread than by the mosquito- 
man cycle. Animals which may be concerned with the transmission of 
yellow fever may be classified as follows: — 

(1) Animals which on inoculation develop S 3 unptonis and die with 
lesions. 

(2) Vertebrates which allow multiplication of the vims in the blood 
and develop immune bodies, 

(3) Vertebrates which have been shown to harbour virucidal bodies 
in the blood imder natural conditions. 

The virus has been isolated firom the blood of wild marmosets — Callithrix 
pmicillaia and Lentocehus chrysomelas at Ilheus, Bahia, Brazil ; and cyclic passage 
obtained in C. aurita and Cebus monkeys — 0. versutus in combination with 
Aides CBgypti and Ecemagogus equinus ; a Colombian strain has been maintained 
with Saimiri monkeys and H. spegazzinii falco as vector. 

More recently typical yellow fever lesions have been found in the Douroucouli — 
Aotiis trivirgatus — and the vims transmitted to Saimiri (squirrel) monkeys. This 
is an important epidemiological fact as the former is the only monkey found in 
certain areas of Colombia. 
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In that country too Oedipomidas oedipus is the common marmoset, and the vims 
is transmitted from it to Aotus and Saimiri by the bites of Hsemogogus. 

In Bwamba, Uganda, the general incidence of immunity of monkeys is 61 per 
cent. The loudand Colohus monkey {Cohbus pohykomos uellensis) is the main 
species involved in monkey to monkey yellow fever cycle, but the red-tail 
{Cercopitheus nictitans mpangce) plays an important part in bringing the vims 
into contact with man. 

According to the list given by Corson (1945) the following vertebrates are to 
some degree susceptible to the yellow fever virus.: — 

Africa and Asia,. — Pan satyrus — Chimpanzee. Macaca sylvana, Barbary ape. 
CercopitheciMS cethiops centralis, African grivet monkey. C. tantalus, Tantalus 
monkey. G. diana diana, Diana monkey. C, patas, Patas monkey. 0. ascanius 
schmidti, Schmidt’s white-nosed monkey. Colohus polykomos. King Colohus 
monkey. G. hadius. Bay Colobus monkey. G. b. waldroni, Waldron’s Colohus. 
Papio cynocephalus, Yellow baboon. Macaca mulatta. Rhesus monkey. M. irus, 
Crab-eating macaque. Galago senegalensis, “ Bush baby.” Erinaceus enropms. 
Hedgehog. Atelerix albiventris, Pruner’s hedgehog. 

South America. — Gehusfatudlus, Brown capuchin. G. apella, Weeper capuchin. 
G. xardhostemus. Small-headed capuchin. Gallicehiis omatus, ‘‘ Titi ” monkey. 
Ateles paniscus, Red-faced spider monkey. Alouatta seniculus. Red howling 
monkey. Saimiri sciurea. Squirrel monlrey. Aotus trivirgatus, “ Douroucouli.” 
S. orstedii (Panama). DidelpMs marsupialis. Common opossum. D. nudiii- 
caudatus, Rat-tailed opossum. Metachirops columbiams, Brown-masked opos- 
sum. Gahromys laniger, Woolly opossum. 

Bog, fox, ox, sheep, goat, pig, camel and horse in Africa and South America; 
also : — 

Thryonomys swinderianus, Great cane rat in Africa. The following birds : 
Bulbulculus ibis ibis, African cattle egret. Tyto alba affinis, Barn owl. Halcyon 
senegalensis, Senegal kingfisher. Neopelicanus mfescens, Pelican. Anastomus 
lamilligerus, African openbill. Strutho camelus, Ostrich, and various CathartUce, 
vultures in South America. 

The full significance of virucidal bodies in sheep, cattle and birds requires 
further study. 

All susceptible animals are characterized by a similarity of behaviour 
following virus inoculation. There is a preliminary clearance of virus from the 
blood-stream and after a few days it again reappears. Coincident with this 
later phase antibodies appear and gradually increase to a maximum extending 
to several months. There appears then to be no virus reservoir amongst non- 
human vertebrates. The demonstration of the susceptibility of an animal 
in the laboratory tells little or nothing about its actual part in the 
natural cycle of the virus. All primates are susceptible to yellow fever, although 
there is a wide variation in the severity of the yellow fever so produced. Although 
eei^in rodents are susceptible, they play no part in the forest cycle of yellow 
fever. 

Immunity rate . — In areas outside the present known endemic zones of 
yellow fever, with few exceptions, no immunity against yellow fever 
exists. Thus, Sawyer and his colleagues showed that of 876 human sera 
from Asia and Australia only 2 gave any protection, whilst amongst 
481 sera from Italy, Portugal, Canada and Northern United States of 
America, even from some of the localities where yellow fever was formerly 
present, one only was protective. Sera were also tested from the West 
Indies, Barbados, Jamaica, St. Lueia, Trinidad, Cuba and Porto Rico. 
The sera of 821 people under twenty years of age were all negative, but 
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above that age 8*42 per cent, gave positive protection tests. These 
results agree with the fact that yellow fever existed in all these regions 
until comparatively recent times. In Mexico, however, a higher percentage 
was obtained. From five to nine years, 0*9 per cent, were positive, from 
ten to fourteen years, 8-55 per cent., from fifteen to nineteen years, 28-81 
per cent., but from twenty years and over, 42*72 per cent. 

The results from the Sudan are of special interest as showing that 
outbreaks of yellow fever can to some extent he predicted. Tillages in the 
Nuba Mountains, which had previously been shown to have a high 
percentage of immune bodies, were not attacked in the 1940 yellow fever 
epidemic, and in many 70 to 80 per cent, of positives were obtained, as 
also in the Fung area to the east of the WTiite Nile. 

Investigation of an area, immediately after the subsidence of an epidemic, 
by means of the mouse protection test, reveals that the number of persons 
who give positive protection is much greater than the actual number 
of cases clinically diagnosed as yellow fever. 

In Central African forest the general immunity rate amongst the 
monkeys is very high. Over 40 per cent, are protected. Immune 
monkeys are found in all parts of Uganda with the exception of Ruwenzori 
Mountain forest. The highest rate is found in Bwamba county, Toro 
district and part of Masaka and Mengo districts. 

The exclusively arboreal and mainly arboreal species show no significant 
difference in the incidence of immunity but on the whole terrestrial 
monkeys show a definitely lower immunity rate. 

The role of monkeys in yellow fever epidemiology suggests that there 
may be a diurnal arboreal vector of the disease in addition to the well- 
known nocturnal Aedes aJricaniLS, as in certain areas it does not seem 
possible for continuous monkey-to-monkey transnoission to be main- 
tained (Haddow, Dick, Lumsden and Smithburn, 1951). 

.Etiology. — A great many attempts have been made in the past to 
discover the causal agent or vims of yellow fever and many organisms have 
been described. The most ill-omened was undoubtedly the Leptospira 
icteroides of Noguchi, which eventually proved to be identical with L. 
icterohcemorrhagicB of "Weil’s disease. The true nature of the virus was 
adumbrated by Reed, Carroll, and Agramonte who, in 1901, showed that 
it was filterable and ultramicroscopie. This was the first occasion in 
which it was proved that a filterable organism might he the cause of human 
disease. In 1929, Stokes, Bauer and Hudson clearly proved that the agent 
is ultramicroscopie and passes through Berkefeld filters Y. and 'W. In 
1933 Findlay and Broom, by employing Ilford’s system of ultra-filtration, 
were able to measure the particles of the virus. Findlay and Broom 
estimate the size of the particles as 18-27 m/i. Sellards and Hindle 
showed that the yellow fever vims can maintain its vitality when frozen. 
When transported from Dakar to London the disease was 'reproduced in 
macaque monkeys by subcutaneous and intraperitoneal inoculation. 
When dried in the frozen state the virus retains its vitality as long as 
seven and a half years. 
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An important advance was made by Theiler (1930) who showed that 
white mice can be infected with yellow-fever virus by intracerebral 
inoculation ; the mice develop a fatal meniiigo-encephalitis. After a 
certain number of passages in mouse brains, it becomes established as a 
neurotropic virus, which no longer reproduces yellow fever of the usual- 
type when monkeys are injected subcutaneously with the brain tissues of 
infected mice. Infection of rhesus monkeys can be produced by subcutan- 
eous or intraperitoneal injection of infected blood or tissues or by smearing 
yellow fever blood on the unbroken skin ; the virus may also be absorbed by 
the mucous membrane of the alimentary tract. In these animals the clinical 
and patholo^cal picture of human yellow fever is reproduced and the 
vinis is known as the viscerotropic strain. Rhesus monkeys artificially 
infected with this virus usually die from four to seven days after inocula- 
tion, before they have had time to develop immune bodies. The infective 
blood of monkeys may contain virus in dilutions as high as one in fifty 
million ; the vii'us may penetrate cell-free and protein-free fluids, such as 
the aqueous humour of the eye. 

The virus is so virulent that infection of monkeys may occur from the bite 
of a single infected AMes oegypti. The species of monkey susceptible to the 
pantropic or viscerotropic strains are the rhesus monkey {Macaca mulatta), 
the crab-eating macaque (M, irus), the brown macaque (M.fuscata) and also, to 
a lesser degree, if. sinicus. The Earbary ape from North Africa {M. sylvana) is also 
susceptible. Amongst New World monkeys, marmosets usually die, while some 
species of capuchin monkey recover after a febrile attack. Guinea-pigs are com- 
pletely refractory, so that inoculation of these animals with blood from a suspected 
case serves, negatively, as a means of differentiation from Leptospira ictero^ 
hceinorrhagice. Guinea-pigs, however, develop immune bodies after inoculation’. 
European hedgehogs, more especially the Central African species, are very 
susceptible. 

There is great variation amongst laboratory animals to intracerehralinoculation, 
and none react so constantly as do white mice. Under laboratory conditions 
African monkeys (Cercopithecus) are not necessarily immune to the viscerotropic 
virus, but they do not react by fever and the virus multiplies and circulates in 
their blood for a short time. Lambert investigated the state of immunity of 
forest monkeys in parts of Brazil where there had been a human epidemic in 
1935. Immune bodies were found in 10-75 per cent, of 1 ,666 sera collected from 1, 153 
monkeys and all except two of the 120 immune animals were adults. In another 
area, where the human disease occurred in 1945, immune bodies were found in 
monkeys of all ages. These cebus monkeys have a very limited range and yellow 
fever is seldom fatal in them. The evidence suggests that the infection is spread 
by infected mosquitoes in the isolated forest patches in the area. It seems 
therefore that in 1945 yellow fever did not spread in monkeys beyond the areas 
in which this fever was to be found in man. 

The virus can enter the skin of man and through the conjunctiva or nasal 
mucosa under certain circumstances and cause fatal infections, and has occurred 
during autopsies on yellow fever cases performed without rubber gloves. Labora- 
tory workers have also become infected by examining monkeys after death. A 
number of isolated cases have occurred amongst laboratory attendants whilst 
undertaking blood examination of suspected cases, or whilst working with the 
virus. These infections, which numbered 35, were due to the pantropio and 
neforotropie strains (Berry and Kitchen) hut, since the introduction of an efficient 
method of immunization, laboratory infections have entirely ceased. 
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Cultivation of the virus, — The virus of yellow fever can he grown solely in the 
presence of living cells. Haagen and Theiler first succeeded in culturing the 
neurotropic strain in a medium of minced chicken embryo suspended in a mixture 
of normal monkey serum and T 3 rrode solution. Even after a hundred passages 
there was no appreciable loss of neurotropic activity. Subsequently Lloyd 
cultivated the pantropie virus (known as pantropic because it produces lesions in 
all embryonic layers of susceptible vertebrates) which, after more than one hundred 
subcultures, had become attenuated and could, on this account, be used for 
protective vaccine. Later still, Ehnendorf and Smith grew the pantropic virus 
on the chorio-allantoic membrane or in the yolk sac of the developing chick 
embryo, which is the method now universally employed. Strain D-17 of the 
Rockefeller Institute is such an attenuated virus. 

Terms employed for strains of yellow fever virus . — ^The terms jpantropic, viscero- 
tropiCy and neurotropic, used in connection with the yellow fever virus, are some- 
times rather loosely applied. The naturally-occurring yellow fever virus is 
pantropic and attacks tissues from all three embryonic layers of the vertebrate host 
but, when passaged through many series of mouse brains, it acquires affinity for 
nervous tissue and becomes the neurotropic strain. The viscerotropic, on the 
other hand, is one which has developed special affinity for organs other than the 
nervous system, particularly the liver, and it is produced by passage through 
the liver of rhesus monkeys. Sometimes, however, these strains are reversible and 
the viscerotropic will stiU cause a fatal encephalitis when introduced into the 
monkey brain, the hver being at the same time protected by a parenteral dose 
of immune serum. Some pantropic viruses from jungle yellow fever in South 
America have been found to be weak in both neurotropic and viscerotropic 
affinities, so that it is considered possible that both these could be enhanced by 
passage through mouse brain or monkey liver respectively. 

The neurotropic strain of yellow fever unis . — Once the virus has become 
fixed for mouse brain it can be passaged indefinitely by intracerebral 
inoculation in these animals and subsequently, when injected intraperi- 
toneally, it fails to kill. It causes memngo-encephalitis, not only in mice, 
but also to a lesser degree in guinea-pigs, agoutis, squirrels, peccaries, 
capyharas, coatis and field voles, as well as all species of monkey, and as a 
rule, viscerotropic lesions are not produced. Eats, rabbits, hamsters, 
pigeons, hens and canaries do not develop encephalitis- In hedgehogs, 
however, intra-cerebral inoculation may be followed by liver necrosis and 
by nervous lesions. 

Physical properties of the vims . — The virus, both neurotropic and 
viscerotropic, passes readily through ordinary filters, Berkefeld, Cham- 
berland and Seitz. Findlay and Broom, by filtration through graded 
collodion membranes, have shown that its approximate size is between 18 
and 27 mp. Both the viscerotropic and neurotropic strains of virus are 
inactivated at a temperature of 60® to 65® C. When dried and frozen, the 
virus can retain its vitality for many years. It is inactivated by the 
photo-dynamic action of such dyes as methylene blue (I in 100,000) and 
proflavine (1 in 50,000). The pantropie can v^ithstand strong disinfectants, 
such as mercuric chloride, 1 in 7500, and phenol, 1 in 150, at 80° C. All 
strains carry a negative electrical charge at the pH of the tissues. 

Protection tests as an index of endemidty.—ThQ fact that, after an attack 
of yellow fever, immune bodies are present in the serum for the remainder 
of the patient’s life, and that, when a mixture of immune serum and 
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yellow fever virus is injected into susceptible animals, infection does not 
lake place, suggested the practical application of “ protection tests ” for 
the diagnosis of recovered cases of yellow fever. When a mixture of the 
pan tropic virus and the serum under examination is injected into a rhesus 
monkey, if the serum contains immune bodies, the animal does not die. 
This is known as the “ monkey-protection test” 

When, however, the neuro tropic virus is employed, a mixture of the 
serum and infected mouse brain is injected intraperitoneally into mice 
which are simultaneously inoculated intracerebrally with starch. If the 
serum contains immune bodies encephalitis does not ensue. This is 
known as the “ mouse-protection test” Both tests possess a high degree 
of specificity, and results obtained by the two in the same areas of Africa 
and South America are in close agreement. The mouse protection test 
is now universally employed and has recently been simplified by modifica- 
tions introduced by Whitman (1943). Tliis is based on the greater 
susceptibility of immature white mice to extraneural injection of yellow 
fever virus. In mice between 18 to 21 days the degree of susceptibility 
is such that uniform death may be produced by injecting one tenth of 
the virus dosage required for adult mice without the need for intracerebral 
injection of starch. In these immature mice, when two parts of immune 
serum are added to one part of virus, the results of injecting 0-06 ml. of 
the mixture are equivalent to injecting adult mice, which have received 
intracerebral starch, with 0-6 ml. This obviously permits satisfactory 
tests to he made on much smaller serum samples than those required for 
standard tests. 

The technique is as follows. Mice are injected with filtrates of 10 per cent, 
mouse brain virus. Three days later the brains are removed and emulsified 
in 15-20 per cent, suspension in saline and subsequently centrifuged at high 
speed for 40 minutes. The sera to be tested are measured into tubes in quantities 
of 04 ml. each ; 0*2 ml, of virus is inserted into each tube of test sera and 
immune controls. 

By this test it has been found that, both in Africa and South America, 
the areas which have been infected with yellow fever during the lifetime 
of the present generation are much more extensive than had been previously 
imagined. Despite the non-recognition of outbreaks of clinical yellow 
fever in native populations, it has been found in Northern Nigeria, for 
instance, that 30-4 per cent, of sera are positive. Somewhat similar 
results have been obtained from French Vest Africa and the Southern 
Sudan. There is some evidence that the immune bodies may pass from 
mother to child by the placenta and also by the milk. In Africa mothers 
commonly suckle their young for two or three years ; this may explain 
why yellow fever in children is asymptomatic, the children being bitten 
by an infected mosquito, while their blood contains immune bodies. 
Monkeys horn of immune mothers possess immune bodies in their serum 
at birth. 

Transmission of the mus through the mosquito. — The virus multiplies 
in the insect vector during a variable extrinsic period. During this 
period the mosquito is not capable of transmitting the virus by its bite. 
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la Aides cegy'pti it ranges from 4 days at 98-6° P. (37° C.) and 12 days 
at 78-8° F. (26° C.) to 18 days at 69*8° P. (21° C.). Under natural conditions 
the percentage of mosquitoes becoming infected is small. Possibly this 
may he explained by the small quantity of blood (0-01 ml.) imbibed by 
Aides cegy'ptL There is no proof that the virus is hereditarily transmitted 
through the mosquito. Factors concerned in the capacity of a mosquito to 
transmit yellow fever are: (1) the fate of the virus, and (2) the degree of 
contact between it and susceptible vertebrates. Thus it comes about that 
many species may harbour the virus for long periods but are incapable of 
transmitting. 

kt 10-18° C. the virus can persist in the insect’s body for a long time 
without being capable of transmission, but at 28° C. for one week this 
becomes possible. At 37° C. this can occur in four days (Davis). In 
the S. American species^ Hoemagogus spegaszmii fdco the extrinsic incuba- 
tion period is markedly affected by temperature. This indicates that as 
the mosquito is placed in a progressively less favourable environment it 
becomes less suitable for the virus. Serial passage of virus strains through 
mouse brains or chick embryo results in a type poorly adapted for develop- 
ment in mosquitoes. l\Tien the virus content of the bloodstream of an 
infected animal is lOO M.D. for mice per 0-03 ml. it is unusual for a single 
mosquito to become infected, but as the virus content of the blood rises 
beyond 10,000 M.D., the percentage of infected mosquitoes rises rapidly. 
It is amongst those insects which breed in tree holes that the bulk of 
yellow fever vectors are found. There is evidence that immune serum 
can neutralize virus in the stomach of the mosquito. 

The question of vertical distribution has an important bearing on the 
contact of a species of mosquito with arboreal as opposed to terrestrial 
vertebrates. In contrast to the midday activities of the Hcemagogus genus 
is the sharply restricted activity of Aides africanus. This mosquito 
confines its major feeding period to about one hour of the day, after sunset, 
but before complete darkness has set in. 

It has been shown that A. cegypti in Brazil has a flying range of 120 
metres. By using radioactive phosphorus and strontium for marking 
mosquitoes Burgher and Taylor were able to show that they are distributed 
largely by wind drift rather than by their own flight. A, cegypti, which is a 
domestic species in S. America and W. Africa, in the Bwamba country area 
in Uganda is quite diflerent in life habits, so that it is virtually incapable 
of aiding in the spread of yellow fever. A. africanus can transmit yellow 
fever in nature. A. simpsoni, which has a wide distribution throughout 
Africa, behaves differently in Bwamba country where it breeds in plant 
axils, especially bananas and colocasia. In forest areas it replaces 
A. cegypti as vector of yellow fever virus. Tmiorhynchus africanus is the 
commonest arboreal mosquito in forest canopy, but there is no actual 
evidence that it transmits yellow fever in nature. 

In S. America mosquitoes of genus HoemagogiLS and Aides leueoceloenus 
have a pattern of daytime feeding which brings them into contact with 
man as well as with monkeys. 

1 The commonest species H. spegazzinii can only be distingaished from the other proven vector of 
sylvan yeUow fever — H. capricornu—by the male genitalia. 

12 
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0l3servatioiis on the habits of J. CBgijfti indicate that the female does 
not lay eggs until she has fed on blood, and that these are deposited three 
days afte^ feeding. At this stage she is especially susceptible to infection 
with the yellow fever virus {see also p. 335). The course of development 
of the virus in the mosquito has not been traced. The type of develop- 
ment appears to be simple for, if infective mosquitoes are ground up and 
fed in syrup to normal A. cegypti, they too become infective after the 
usual extrinsic period. It has been shown that the virus undergoes 
multiplication in the mosquito and that it is present in its alimentary 
canal for at least ten days after an infective meal. Subsequently, it 
becomes centred in the salivary glands. 

Species oj7nosquito, other than A, cegypti capable of transmitting the virus, 

In South America jungle yellow fever occurs in the absence of CBgypti 

Other species have been found infected : Aides leucocelcenuS) Hceniagogus 
spegaszinii jaleo and some sabethinae. In Bwamba, Uganda Aedes 
simpsoni has been proved to be the vector of jungle yellow fever. Another 
species, A. africamts bites at night and feeds oh monkeys at 80 ft. above the 
ground. The jungle species of mosquito vectors are usually inhabitants 
of the tree tops and rarely descend to ground level, and it has been shown 
that some infected Hceviagogus have never been in contact with man at all. 
In the Southern Sudan TceniorhyncJvus ajricanns has been suggested as the 
vector and in the Nuba Mountains epidemic Aides mttatus and A. 
metallicus were probably the vectors. 

The following have been found capable of transmitting yellow fever 
virus by bite under laboratory conditions, but probably not all do so 
naturally: — 

South American mosquitoes: Aides oegypti, A.fuviatilis, A. leucocelcenus, 
A. scapAaris, Hcemagogus capricormi, H. spegazzinii {H. s, falco), 
E. equinus, H. splendens, transmit virus. 

The following are susceptible: Aedes nuhilus, A. serratus, A. terrens, 
A. fuhiilioraXj A. tcemorhynclm, Hoemagogiis uriartei, H, tropicalis, 
Psorophora jerox, P. cingulata, Toeniorliynchus albicosta, T. clirysomtuyn, 
T, fasdolata, T. justamansonia, T. iitillanSy Wyeomyia hromeliaruyn, 
Culex fatigans, C. nigripalpus. 

A. leucocelcenus is widespread and plays an important part in the spread 
of yellow fever. Hcemagogus are tree-hole breeders and feed on marmosets. 
Yellow fever virus is isolated from the genus Sabethoides, which are 
diffiicult to keep in laboratory. Trichoprosopon frontosus is a species 
belonging to thegenus Goeldia a sabethine which can transmit in laboratory 
and is widespread. 

African mosquitoes: Aides cegypti, A. africanus, A. luteocephaluSf 
A. metallicus, A. simpsoni , A. viUattiS, A. stokesi {apiocanniLlatus), A. 
taylori, Eretmapodiies chrysogaster, Culex thalassius: 

The following are susceptible: Toeniorhynchus uniformis, Aedes 
cummmsit A. irritans, A. nigrwephaluSj A. lineatopennis, A. punctocostalis. 

Mattingly found in S. Nigeria, as in Uganda, that Aides ajmanus bites 
mainly at tree-top level and in the evening twilight. This mosquito was 
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first implicated by Haddow and colleagues in the forest cycle of yellow 
fever in Uganda. The virus was obtained from a batch caught in nature. 
Monkeys were exposed on platforms at canopy level in the forest ; only 
one out of 89 became infected. 

General observations. — The observations which have been made upon 
the aetiology of yellow fever appear to explain some generally accepted facts. 

(1) The impunity with which a yellow fever patient can be visited by 
a non-immune person, if outside the endemic area. 

(2) The danger of visiting the endemic area when mosquitoes are both 
active and infective. A. CEgypi usually feeds in the late afternoon, though 
this does not hold good in the case of jungle yellow fever, where the forest- 
living mosquitoes in South x\merica and Central Africa bite during the 
day time. 

(3) The discrepancy between the incubation period of the disease, three 
to five days, and the period, fourteen days and over, between batches 
of cases. The evolution of the virus in the mosquitoes infected by the 
original patient demands the space of time indicated by the difference 
between these periods. 

(4) The clinging of yellow fever infection to ships, buildings and localities. 
This is due to the persistence of the virus in i^ected mosquitoes (Aides 
cecjypti) which are now known to be capable of surviving for five months, 
possibly longer, after feeding on human blood. 

(5) The Mgher atmospheric temperature required for the epidemic 
extension of yellow fever. Such temperature favours the activities of the 
mosquito and is necessary for the multiplication of the virus in the iusect. 

Biochemical changes produced by the virus . — All the biochemical changes 
which occur in yellow fever can be interpreted as an interference with the 
liver and kidneys. Thus, there is loss of glycogen from the liver and a con- 
siderable reduction in the blood-sugar. Findlay and Hindle showed also 
that, as in other toxic affections of the liver, there is, in rhesus monkeys 
and in humans, an increase in the blood of guanidine-like substances. The 
repeated administration of calcium lactate in large doses reduces this excess 
of guanidine and may play a part in preventing gastric hsemorrhage. 
The haemorrhages, however, are largely due to the loss of vitamin K 
following liver necrosis. 

Pathology. — The pathological appearances vary very greatly with the 
clinical course of the disease. In typical cases the olive-yellow eoloim of 
the skin is most marked in the dependent parts of the cadaver, especially 
in parts subjected to pressure. Eigor mortis is pronounced. Petechiae are 
common in the skin and serous membranes ; more considerable extrava- 
sations of blood may be found in the muscles. The brain and meninges are 
hypersemic and may be studded with minute effusions ; like the other 
tissues of the body, they may be stained a lighter or deeper yellow. The 
cartilages are intensely yellow. Intensive haemorrhagic lesions have been 
observed in the lungs in 90 per cent, of cases (Klotz and Belt) . 

The blood in the vessels of the general circulation is not firmly coagulated. 
An important fact, explaining the hability to passive haemorrhages, is 
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the existence of a generalized fatty degeneration of the capillaries and 
smaller blood-vessels. The stomach usually contains black or fluid blood. 
The folds of the gastric mucous membrane are swollen and there are 
arborescent patches of ecchymosis. The small intestine contains a dark 
material similar to that in the stomach. Only after microscopic examina- 
tion of the organs, especially the liver, can a pathological diagnosis of 
yellow fever be made. 

The virus of yellow fever, like certain other viruses, has a particularly 
destructive action on the liver cells, and by inicroscopic exaniination of 
liver sections alone it is usually possible to arrive at a diagnosis. In the 
early stages the liver is red from extravasation of blood, but if death 
has occurred later, the organ is usually somewhat friable and may present 
a yellowish colour which has been compared with that of box-wood. 
The microscopic pathology of the liver is well defined. Necrobiosis and 
acidophilic necrosis are fonnd in the mid-zonal region of the liver lobules, 
to a lesser extent at the periphery. Fatty changes are more extensive 
than the necrosis. The liver cells are often separated one from another 
and tend to assume a rounded shape; fatty degeneration may be very 
intense (Fig. 52). The typical lesion is a coagulative necrosis with a 
marked edge, surrounded by a narrow clear halo. Frequently the cyto- 
plasm, in whole or in part, undergoes a hyaline degeneration— hyaline 
coagulation necrosis — together with hyaline bodies, first described by 
Councilman, while the cytoplasm of all the liver cells stains more intensely 
with acid stains such as eosin. The necrosis of the liver is not exactly a 
midizonal necrosis, as is often stated, but a scattered necrosis occurring 
throughout the lobule, giving a salt and pepper appearance in sections 
stained with hsematoxylin and eosin. The nuclei of the liver cells exhibit 
margination of the chromatin round the nuclear membrane, while in 
some cells the nucleoplasm is occupied by acidophilic intranuclear masses 
(Pig. 53). Hyperplasia of the Kupfer cells is usually noted. Usually only 
a small number is a:ffeoted, but with certain strains 70--80 per cent, 
exhibit inclusions. In the rhesus monkey a high percentage of cells 
always shows intranuclear inclusions. These were &st described by Torres 
and specially studied by Cowdry and Kitchen ; they are similar in type to, 
though not identical with, those found in many other virus diseases. Within 
the liver lobules there is hyperplasia of the endothehal cells of the sinuses 
and an infiltration with large mononuclear cells and a few polymorphonuclear 
leucocytes. In the rhesus monkey the infiltrating cells are predominantly 
polymorphonuclear, while 80-90 per cent, of the parenchymatous cells 
contain acidophilic intranuclear inclusions. Councilman lesions, on the 
other hand, are comparatively rare, while fatty degeneration is also less 
marked than in man. In some epidemics, as in Accra in 1937, the percen- 
tage of liver cells containing intranuclear inclusions is high. 

In the spleen there are no characteristic changes, but the endothelial 
cells of the splenic sinuses may show hyperplasia, while the Malpighian 
corpuscles are somewhat atrophied. Definite changes, however, are found 
in the kidneys. The reaction is a nephrosis, not a nephritis. Haemorrhagic 
foci under the capsule and in the cortex are common. Fatty changes 
with necrobiosis and necrosis of the tubular epithelium are present. The 
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tubules, here and there, are filled ^ith casts, either of an albuminoid 
naaterial or of debris of desquamated epithelium, corresponding with the 
casts in the albuminous urine. Granular and hyaline casts are found 
throughout the tubules of both cortex and medulla. Hoffman regarded 
lime-casts in the convoluted tubules as distinctive of yellow fever. De- 
generative changes occur in the heart muscle, including the bundle of His. 



Fig. 52. — Yellow fever : section of liver (low power) showing fatly and hyaline 
degeneration and Councilman lesions. {Dr, Q, if. Findlay.) 

Although the virus is highly neurotropic, no extensive lesions of the 
central nervous system are found. Although individual haemorrhages are 
small the total blood loss is extensive. 

Symptoms- — There is the same variety in the initial symptoms of yellow 
fever as in other specific fevers. In bo& urban and jungle yellow fever 
many mild and clinically unrecognizable eases occur. In the first stage 
the symptoms may range from an almost imperceptible febrile reaction to 
severe prostration. Yellow fever in man may be dhided into (1) the very 
mild, (2) mild, (3) moderately severe, and (4) malignant types. In very 
mild yellow fever the only symptoms are fever and headache which last 
from a few days to a day or two. This febricula is undiagnosable, even in 
an epidemic, for unapparent infections occur, especially in endemic areas, 
as a result of long contact with the virus. Some infections are found in 
babies who are losing the passive immunity bestowed upon them by their 
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immune moiliers. The incubation period is from 3-6 days though con- 
siderably longer periods are recorded in accidental infections in which it is 

from 10-13 days. , , 

Roughly speaking, and provided there are no complications, an attack 
of yellow fever is divisible into three stages— (1) the initial fever ; (2) the 
‘‘ period of calm ” ; and (3), in severe cases, the period of reaction. 

The initial fever is usually sudden in onset, and lasts from three to four 
days. The maximum temperature is generally attained within the first 
twenty-four hours, or by the second day, and, in a case of medium severity 



Fig. 53.— Yellow fever : section of liver x 2,000 showing acidophilic intranuclear 
inclusions (Torres bodies). (Dr. 0. M. FinAlay.) 


may rise to about 108° or 104° P. During the three or four succeeding 
days the mercury slowly sinks to 98° or 99° P., the daily fluctuations being 
seldom more than a half to one degree. It occasionally happens that high 
temperature is maintained for more than three days, and also that the 
maximum is not attained until the eighth, but, as a rule, it is reached within 
two days of the onset (Chart 19). 

"With, or soon after the initial chill or rigor, severe headache sets in and 
is generally a prominent feature. For the most part the pain is concen- 
trated about the forehead, in the cireumorbital region and in the eyeballs. 
In many cases it is associated with intolerance of light . 

loin pain is another very distressing symptom ; it may amount to 
positive agony ; the backache may be as bad as in a severe case of small- 
pox. The legs, too, ache excessively — particularly the calves, knees, and 
ankles ; they feel as if broken. Epigastric pain is generally prominent. 

The face is flushed and swollen ; the eyes are sliining, injected, and 
ferrety ; the skin is dry. 
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"W^hat with pains and febrile distress, the patient passes into a very 
miserable condition. He is restless and continually tossing about. 

At first the pulse ranges from 100 to 120, and is full and strong ; but as 
the disease progresses, the pulse loses its sthenic character, gradually 
falling in force and frequency until, at the “ period of calm,” it becomes 
remarkably slow and compressible, beating perhaps only 30 or 40 times 
per minute. This fact may be of particular value in diagnosis, and is 
known as Fagefs sign — that is, a falling pulse-rate with a constant tem- 
perature, or a constant pulse-rate with a rising temperature. It is in fact 



Chart 19- — Laboratory infection of yellow fever. Recovery. 

a sign which emphasizes the lack of correlation of temperature and pulse, 
so that by the second day, notwithstanding the high temperature, the 
pulse-rate becomes slower, and by the third or fourth day it has probably 
decreased 20-40 beats from its initial rate. As a prognostic sign — a 
quickening pulse rate with a falling temperature indicate that death is near. 

At the outset the tongue is not very dirty, but it soon acquires a white 
coating on the dorsum, the edges remaining clean. It is not so swollen 
and flabby as in malarial fever ; on the contrary, it is rather small and 
pointed throughout the disease. This is regarded as an important diag- 
nostic mark ; taken along with the progressive diminution in the strength 
and frequency of the pulse and the peculiar behaviour of the temperature, 
it is nearly conclusive of yellow fever. Later, the tongue dries and, at the 
same time, thirst becomes intolerable. The palate is congested and 
swollen ; the gums may also swell and bleed. 

The congested appearance of the face at the onset of the disease tends 
to subside ; so that by the time the asthenic stage is reached the features 
may have become small, the eyes sunken, and the eyelids discoloured by 
ecehymoses. 
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In some cases the skin is hot and dry throughout ; in others it may be 
bedewed with perspiration from time to time ; or the sweating may be 
constant, especially if collapse sets in. 

By the third day the sclerse assume a yellowish tinge, and very often 
the skin acquires that yellow colour from which the ‘disease derives its 
name. In severe cases bluish spots may be observed and are due to sub- 
cutaneous haemorrhagic effusions. It must not be understood, however, 
that every case presents this colour of skin ; in some it is entirely absent, 
but if carefully looked for there is always some yello^vness of the sclerae. 
The yellow tinging of the skin generally shows about the end of the first 
stage, deepening in intensity as the case advances, and remaining apparent 
for a considerable time after convalescence has become established. It 
ranges in depth from a light saffron to a deep mahogany brown . In fatal 
cases it is always present — ^not necessarily during life, but invariably after 
death. The skin in had cases is said to emit a peculiar odour like gun- 
washings, or, as Jackson puts it, like the smell of a fish-market. 

Petechial, erythematous, papular, and other eruptions may show them- 
selves in different cases ; but in yellow fever there is no characteristic 
eruption, unless it be an erythematous congestion of scrotum or vulva, 
which occurs in a proportion of oases and is described as diagnostic. 

An important feature, from the diagnostic as well as from the prognostic 
point of view, is the appearance, in some cases almost from the outset, 
of albumin in the urine, together with a tendency to suppres- 
sion. At first urine is abundant, but chlorides diminish rapidly, and 
suppression, according to Piohat, appears towards the end of the second 
day. In mild cases these changes may be little marked ; but in severe cases, 
particularly during the stage of depression, the urme may fall to a few 
ounces, and be loaded with albumin to the extent of one-half or even two- 
thirds (usually about 2 grm. of albumin per litre). The more pronounced 
these symptoms, the graver the prognosis. The amount of albumin 
increases as the temperature falls. Urea (even during the incubation 
period) and uric acid are very much diminished, the former in severe cases 
falling to 1 *5 grm. to the litre. The urine is almost invariably acid, deposit- 
ing granular casts, and sometimes giving spectroscopic evidence of haemo- 
globin. Bile-pigments and bile-stained tube-casts show themselves towards 
the end of the disease, usually about the fifth day, and their appearance is* 
regarded as a favourable omen. Peptonuria indicates a serious prognosis. 
The blood urea is usually high during the terminal stages. 

Insomnia is usual, but if it occurs before the third day prognosis is 
said to be grave. Delirium may occur, but is not invariable. Usually, after 
the initial stage of restlessness and acute suffering, the patient becomes 
torpid, and perhaps taciturn. In bad cases coma and subsultus may 
gradually supervene, the temperature rising as death approaches, and even 
after. A well-marked tache is present on the forehead, as well as on other 
parts of the body. 

At the outset the bowels are confined. In the second stage, diarrhoea, 
perhaps of black material resembling the vomit, may supervene ; or there 
may be actual hemorrhage of bright-red blood from the bowel. 

Nausea and vomiting are more common than in other fevers. The well- 
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kno\^Ti Hack vomit — always a grave symptom, but fortunately not by any 
means an invariable one — forms one of the most striking features of this 
disease. In the earlier stages of the fever, vomiting of bilions matter is 
common. This may subside or, after a time, give place to ‘ ‘ coffee-grounds 
which seem to gush up without straining or effort on the patient’s part, 
and which gradually deepen in colour until they become uniformly black. 
On microscopical examination the vomited material is found to consist 
of broken-down blood-corpuscles and altered haemoglobin suspended 
in a yellowish mucoid fluid. This material is, doubtless, in the main 
derived from blood transuded through the walls of the capillaries of the 
mucous membrane of the stomach. It is intensely acid. Though the black 
vomit may not always be seen in fatal cases during life, the material is 
inva.rialdy found in the stomach post mortem. 

Sometimes pure blood is thrown up from the stomach ; similar passive 
hsemorrhages may take place from almost any part of the body — from eyes, 
ears, nose, mouth, bladder, uterus and so on. “ Everything is congested 
at the outset, everything bleeds at the end,” is a well-known adage. 

Death may occur during the early acute stage, being preceded by a rapid 
rise of temperature. The majority of deaths oceiir on the fifth and sixth 
days ; the end seldom comes before the third or after the eleventh day, 
and, at this stage, is generally preceded by a rapid fall of temperature. 

In mild cases the “ period of calm,” which sets in after the subsidence of 
the initial fever, may last for several days before convalescence. The 
most constant symptoms are headache, pain in the hack and extremities, 
photophobia, anorexia, prostration, congestion of the eyes, with a typical 
tongue, pointed and coated, but with red edges and tip. In such cases, 
recovery, once begun, is usually rapid ; in a week from the beginning of 
the disease the patient may be about again. In severe cases, however, the 
period of calm is followed by a third stage, the stage of reaction, in which the 
temperature again rises, though not to so high a point as in the initial fever, 
and a sort of remitting fever of an adynamic type keeps on for several days 
or weeks. This secondary fever is more prolonged if there is any complication, 
such as abscess, boils, parotitis, buboes, or secondary hepatitis. The icterus 
is now very pronounced ; black vomit may recur, or appear for the first 
time ; perhaps a profuse diarrhoea ends in collapse ; or the urine may be 
suppressed, stupor, coma, and other nervous symptoms ensuing, and very 
often ending in death. In other instances the secondary fever terminates 
in a crisis of sweating and prolonged convalescence. 

Even in Europeans, as illustrated by certain of the infections contracted 
in the laboratory, yellow fever may be comparatively mild and may 
resemble an attack of influenza. 

Relapses are unknown. The immunity produced by one attack of 
yellow fever is usually permanent, as permanent as that produced by 
smallpox or measles. 

As a rule there is no anaemia, but there is a slight leucocytosis early in 
the disease, soon followed by a leueopenia, which reaches its lowest point 
about the fifth or sixth day (Berry and Kitchen) ; the polymorphonuclear 
leucocytes are not increased, but there is an increase of mononuclear cells 
during convalescence. In human infections the vims has been shown to 
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exist in the blood 107 hours after the onset of fever, while antibody has been 
detected after 83 hours, thus confirming what had already been suspected 
on epidemiological grounds of the simultaneous presence of virus and anti- 
body in human blood in yellow fever. In icteric cases the Van den Bergh 
reaction is biphasic. 

The overall fatality rate in yellow fever lies between 5-10 per cent, of all 
cases, but this rate may rise above these limits in a given epidemic. 

Complications and sequelae. — Suppurative parotitis (usually uni- 
lateral) is the most striking complication, but lobar pneumonia is more 
serious and myocardial failure after apparent complete recovery con- 
stitutes a definite hazard. 

Experimental yellow fever infection in monkeys leads to a febrile reaction 
which is not high during the early days of the illness, but subsequently there is a 
sudden rise of temperature followed by a rapid fall and the animal dies in coma. 
In some there is an alternating rise and fall and in others a rapid crisis and death. 
Death may take place as early as the fourth or as late as the fifteenth day. 

Diagnosis and differential diagnosis.— Routine urine examination 
must be carried out in all febrile ^ases and all with a greater degree of 
albuminuria than is justified by the degree of fever should he considered 
suspect. Other points to be considered are the severity of initial symptoms, 
the relation of pulse and temperature at different stages of the disease^ 
the degree and colour of the jaundice, the time of the appearance 
and the occurrence of hsemorrhages. Severe yellow fever may be con- 
fused with reviittent suUertian Malaria, Weil’s disease, infective he'patitu, 
relapsing fever, and blachoater fever. The difibeulties of clinical diagnosis 
are often great, especially early in an epidemic. When several deaths, 
preceded by fever and black vomit, have occurred within a limited area 
and in quick succession, a suspicion of yellow fever should be entertained, 
though sometimes this has been observed in Weil’s disease and in relapsing 
fever as well as in outbreaks of infective hepatitis. There is no clinical 
feature, so far as is known, which would distinguish a mild attack of 
yellow fever from an ordinary febricula, nor any pathognomonic clinical 
sign that would absolutely distinguish a malarial remittent from yellow 
fever and from Weil’s disease, though in the latter there is usually a 
polymorphonuclear leucocytosis. Dengue is probably one of the most 
difficult diseases to differentiate from mild yellow fever. The facies, 
orbital pains, and backache are similar to those of dengue, but the appear- 
ance of the characteristic eruption of the latter disease on the fourth day 
should settle the diagnosis in any doubtful isolated case. Probabilities 
must be weighed in diagnosis when it is based on clinical grounds alone. 
The only reUable guides, as between malarial and yellow fever, are the 
discovery of the malaria parasite, the characteristic pigment and leucocytic 
variation in the one, and the determination of their absence in the other, 
but in an area where malaria is endemic, the finding of parasites does not 
rule out concormtant yellow fever. Post mortem, the presence of pigment 
in the viscera in malaria, and of extensive necrosis of the liver-cells in 
yellow fever, is diagnostic. Biopsy of hver tissue by the special trocar will 
probably be of value in doubtful eases. Occasionally the two diseases 
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may co-exist. The presence of albuminuria is of value in early and 
abortive cases, especially in Europeans, but albuminuria is more easily 
provoked in West Africans from any cause. 

In addition to the diseases mentioned, there is great difficulty clinically 
in diagnosing yello'vv fever from Rift Talley fever, or, in its milder manifes- 
tations, from some forms of influenza, especially of a virulent strain. 
Occasionally relapsing fever may assume a malignant form with intense 
icterus and resemble yellow fever in its clinical manifestations, but it 
may be distinguished by leucocytosis, splenomegaly and spirochaetes in 
the blood. Smallpox, in the 6rst three days, before the rash, may be very 
similar to yellow fever. 

It must also be remembered that in adults infective hepatitis may occur 
in severe form, while unexplained outbreaks of fever and jaundice, not due 
to the yellow-fever virus, have been described [see p. 355). In epidemics 
of infective hepatitis the jaundice is usually deeper than in yellow fever and 
the patient may be afebrile. These diseases have been differentiated by 
failure to infect rhesus monkeys during the acute stage, and by the absence 
of immune bodies to yellow fever in the blood. In West African natives, 
particularly, jaundice and albuminuria are common accompaniments of 
lobar pneumonia and relapsing fever. An acute sickling crisis in an 
African may produce severe jaundice, which is also seen in staphylococcal 
and meningococcal infectons. 


Laboratory diagnosis . — With modern advances in our knowledge of the aetiology 
of yellow fever an increasing confidence is being felt in its diagnosis. The virus 
may be isolated from the blood in the early stages, preferably during the first 
three days. A venule type of vacuum s^Tinge should be used. The specimen 
should be kept cool, but never frozen; and the serum which should contain no 
haemoglobin, must be inoculated subcutaneously into a non-imninne monkey or 
intracerebrally into white mice of a susceptible strain. The development of 
specific antibody to yellow fever in the serum can be demonstrated by the mouse 
protection test. 

In fatal cases yellow fever may be diagnosed post mortem from a histological 
examination of the liver, the essential features being the fatty degeneration, 
mid-zonal necrosis, infiltration with mononuclear cells, and the presence of 
Councilman lesions (hyaline bodies) and acidophilic intranuclear inclusions. 
The employment by the International Health Division of the Rockefeller 
Foundation of the “ viscerotome ” enables portions of liver to be removed from 
a cadaver without a general post-mortem examination. An examination of 
the livers of all those who have died from acute disease has, in South America, 
enabled many unsuspected cases of yellow fever to be accurately diagnosed, 
and there is now a well- organized viscerotome service. 

In any outbreak of febrile illness with jaundice in an area where the mosquito 
fauna would permit yellow fever to spread it is important that serum from 
patients in the early stages of the di^se and from the same patients when 
convalescent should be examined for yellow fever protective bodies^* and liver 
tissue of cadavers for the appearances typical of yellow fever. By these means, 
in countries hitherto not invaded by yellow fever, early iniormat^*^^^ ^^7 


gained and steps can be taken to control the disease. ^ 'n ie 

Complement fixation . — Attempts have been made to discover 
test for yellow fever which would obviate the more elaborate ^ 

in ex^rimental animals. Davis, Frobisher and Hudson have 
experiments using, as an antigen, either plasma, serum or liver oh 
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monkeys on the first or second day of fever, while more recently infected yolk 
sac has keen employed. The concentration of complement-fixing bodies has been 
found to reach its maximum in monkeys after thirty to forty days, and they 
remain in the circulation for a few months to more than one year. 

Prognosis and mortality .—Prolonged initial rigors, algidity, convul- 
sions, suppression of urine, coma and hsemorrhages are all ^ unfavourable 
symptoms. The prognosis is good if the temperature during the initial 
fever does not exceed 103° to 105° P. It is hotter for women (although, if 
pregnant, abortion is almost invariable) and children than for men ; better 
for old residents than for newcomers ,* worst of all for the intemperate. 
According to a table given by Sternberg of 269 carefully observed cases, 
there were no deaths in 44 in which the temperature did not rise over 
103° F. : in 22 cases in which the thermometer rose to over 103° P, there 
were no recoveries. The mean mortality in the whole 269 cases was 
27*7 per cent. In some epidemics it has risen as high as 50 or even 80 
per cent, of those attacked, but between 25 and 30 per cent, may be taken 
as a fairly representative mortality among the unimmunized. Among the 
permanent irihahitants of the endemic districts the case-mortality is very 
much lower— 7 to 10 per cent. In the outbreak in the Sudan it was 
about that figure. During epidemics, abortive and ambulatory cases 
occur; in these, icterus and other characteristic symptoms are often 
absent. Such cases may be hard to diagnose from febricula or mild 
malarial attacks, and the mortality is nil Some epidemics are particularly 
noild : in others, the majority of the patients die. In the same epidemic 
the cases may vary in severity from time to time. In children the mortality 
is low. 


Teeatment 

Formerly a much more active treatment than that in vogue at the 
present day was the fashion for yellow fever. It is now recognized that, 
as with most virus diseases, the treatment is more a matter of nursing 
than of drugs. Once in bed, the patient should not be allowed to get up. 
As in other vims diseases the injection of immune serum is valueless once 
the infection has begun ; given during the incubation period, however, 
it may prevent, or at any rate decrease, the severity of the disease. Since 
the virus is efiGieiently neutralized by the formation of immune serum by 
the third or fourth day after the onset of fever, it follows that death is 
caused by the destructive effect of metabolic toxins on the liver, heart and 
kidneys. 

Experience has shown that a smart purgative at the very onset of the 
disease m’ay be beneficial. With many, castor oil is the favourite drug, but 
to be of service it has to be given in very large doses — 2 oz. or more. Others 
use calomel, or calomel combined with quinine. Others, again, prefer 
a saline purge. 

Hot mustard plasters, frequently repeated during the first twenty-four 
hours, are much in favour. They are said to relieve the cerebral congestion 
and the intense headache. Hot baths, with subsequent blanketing and 
papisms to the epigastrium, are said to have a similarly favourable 
influence on the congestion of the stomach, which is, undoubtedly, another 
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constant feature. For high fever, antipyretic drugs, cold baths, iced 
injections, cold sponging and the like may be carefally employed. In view 
of the asthenic nature of the disease the less depressing measures should 
be preferred- In severe cases intravenous injections of casein hydrolysates 
might be of value as they have produced miraculous cures in cases of liver 
necrosis due to carbon tetrachloride and in infective hepatitis. Doses of 
vitamin K are of value in preventing hsemorrhage. 

Yomiting may be treated with ice pills, or with small doses of cocaine. 
Luminal is indicated to induce sleep in restless cases, and codeine sulphate 
to relieve headache and backache. For black vomit, frequent doses of 
perchloride of iron, ergotine injections and acetate of lead have been 
recommended. Calcium lactate, in large and repeated doses by mouth, is 
probably of value in counteracting the excess of guanidine in the blood. 
The administration of glucose in the treatment of the hepatic conditions 
represents a distinct advance, and good results from this line of therapy 
have been reported. Glucose should be given in drachm doses, whenever 
feasible or, w^hen nausea is present, in 5 per cent, solution intravenously 
(10 oz.), while injections of 5 units of insulin improve its assimilation. For 
restlessness, phenacetin or antipyrin is used. When the skin is dry, the 
urine scanty, and the loins ache excessively, Sternberg recommended 
pilocarpine. 

After the fourth or fifth day the flagging circulation demands stimulants 
of some sort. Iced champagne, hock, or teaspoonful doses of brandy, given 
every half-hour, may tide the patient over the period of collapse. Great 
care, however, should be exercised in the use of these things ; if they seem 
to increase the vomiting and the irritability of the stomach they must be 
stopped at once. 

Free ingestion of water and alkalis tend to obviate failure of renal 
function, which is the usual form of death. 

The feeding is important. So long as there is fever the patient has no 
appetite ; during this time — that is, for the first two or three days — ^he is 
better without food. When the fever subsides appetite may return, and 
a craving for nourishment becomes more or less urgent ; the greatest care, 
however, must be exercised about gratifying this untimely appetite. 
Protein in the diet is of value in protecting the liver from damage. 
Gradually the quantities may be increased; but, even when convalescence 
is established, solid food must be taken very sparingly, and must be of the 
simplest and most digestible kind. Indiscretion in eating is a fruitful 
cause of relapse in yellow fever, which may be exceedingly dangerous. 
Nutrition may be aided by nutrient enemata. Any slight exertion 
which may cause a rise in blood-pressure may be fatal. It is possible, 
too, that stimulation of the circulation incident to the taking of food 
explains the dangers of altering food during the early stages. 

Any suspected case of yellow fever should be nursed under a mosquito- 
net day and night, and preferably in a mosquito-proof room. 

Prophylaxis. — A period of six days’ quarantine is now accepted by 
the international sanitary convention as necessary after exposure to 
infection. It is the duty of sanitary authorities in tropical countries to 
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free the areas over which have charge from Aedes ceqypH mosquitoes 
as far as possible. Although complete destruction is not to be expected, 
relative extermination of mosquitoes is worth attempting, and certainly 
can be attained hy the vigorous use of the now well-known measures. In 
Havana, by such means, in a very few months the num])er of mosquitoes 
was reduced by 90 per cent., with a corresponding gain to the community in 
the diminution of mosquito-conveyed disease. The same has happened in 
Panama, Eio de Janeiro and elsewhere in S. America by residual DDT 
spra;^dng. 

All water-tanks, gutters, and cisterns must be effectually screened 
against Aedes ceqypH by fine-meshed metallic gauze ; discarded tins should 
be collected and rolled out by steam rollers ; all puddles and stagnant 
water must he abolished and all holes in trees should be closed or the trees 
felled. Eoof gutters are best abolished altogether. In Africa special 
attention must he paid to the control of mosquito-breeding on native 
dhows. For other insecticidal sprays and the use of DDT in combating 
yellow fever (see p. 861). 

Any delay in recognizing the earliest cases of a threatened epidemic is, 
as shown by experience in New Orleans, most dangerous, leading, as it 
may, to the rapid multiplication of infected centres. 

Sliips should not be allowed to clear from infected ports, nor to enter 
non-inf ected ports, during the hot season, without adequate inspection. 

Aircmjt . — It is necessary, in view of the increasing facilities of air 
travel, to immunize all those proceeding from an endemic to a non-endemic 
area. It has been recommended by International authorities that measures 
for preventing spread by aerial traffic should be taken primarily before 
departure from areas where the disease exists, and only secondarily at 
ports of arrival. Measures to be taken before departure include freedom 
of crews and passengers from any risk of infection during six days before 
embarkation and freedom of aircraft and cargo from the possibility of 
conveying mosquitoes. It is recommended that the International Civil 
Aviation organization should take sanitary control of all airfields which 
might be involved in the spread of disease, control disinsectization of 
aircraft, control the storage, testing and injection of yellow fever vaccine 
and control the issue of yellow fever inoculation certificates. Several 
considerations should modify the tendency to alarmist views of the danger 
of importing the yellow-fever virus to Eastern countries, such as India or 
China, where the disease is so far unknown, but where climatic and hygienic 
conditions are favourable to its spread. One of these is the ease with 
which aerodromes can be kept free from yellow-fever mosquitoes, as well 
as the ease and rapidity with which aircraft can he freed. 

In the United States it has been proved conclusively that Aides cegypti 
can be carried by aircraft for long distances, and the necessity of destroying 
these insects is insisted upon in all aeroplanes flying in tropical countries. 
Aircraft should be sprayed on the ground prior to departure. Disinsectiza- 
tion is best carried out by dispersing the insecticide in a low-boiling solvent. 
“Freon” (Freon = dichlorodifluoromethane and a refrigerating agent) is 
a low-boiling solvent. Little equipment is needed for the production of 
aerosols by this method, but the container mast have a liquid delivery 
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tube extending to the bottom, since the solution, not the gas, is to be 
sprayed. Only a small orifice is used so that no expansion takes place 
until the solution is sprayed into the atmosphere. Aerosols produced by 
this method are much more finely divided than the mists produced by 
most spraying methods and settle more slowly. Disinsectization can be 
effectively carried out in 5-10 minutes. 

An aircraft should be regarded as infected with yellow fever, if there is on 
board any person who within ten days of arrival has been in a yellow fever 
infected area, and who has not been inoculated against yellow fever for more 
than ten days prior to arrival. 

If a person has alighted from a yellow fever area at a non-infected aerodrome 
and is in possession of a certificate from the Health Office of that aerodrome 
stating that, during his stay, he either remained within the non-infected 
aerodrome, or, if he went outside it, he did so under such protected conditions 
as would make it impossible for him to be bitten by mosquitoes, he may be 
permitted to proceed ; more especially if he has b^n protected ag ains t the 
disease by a previous attack or by satisfactory inoculation. 

The rules of the International Sanitary Convention must be consulted. 

There is danger that, with increased motor traffic and better road com- 
munications, infected persons will be able to travel from endemic to non- 
endemic areas in a time well within the incubation period of the disease. 
All motor traffic from endemic to non-endemic areas has, therefore, to be 
carefully regulated. 

Prophylactic inoculation has been practised since 1931 in Vest 
Africa, Brazil, Colombia and South America generally. 

During the first six months of 1942, 28,585 cases of jaundice appeared in 
American troops who had been injected with this yellow fever vaccine 
prepared by the Rockefeller Institute, and 62 died of acute necrosis of the 
liver. Similar accidents have supervened after injection of measles and 
mumps convalescent serum and also after whole-blood transfusion with an 
incubation period of about 16 weeks. The agent responsible for the 
jaundice is present in the nasal washings and serum from patients in the 
pre-icteric and possibly also in the icteric stage (Pindlay and Martin, 
1943). The addition of human serum has therefore now been omitted and 
no further cases of jaundice have occurred. 

Reaction immediately following inoculation with the attenuated pan- 
tropic virus is either lacking or consists of slight headache for forty-eight 
hours. After immunization, immune bodies appear in the serum from the 
twelfth to fourteenth day, and reach their maximum about the twenty- 
first. In many immune bodies are detectable for seven years or longer 
by the mouse-protection test. It is advisable that the blood of immunized 
persons should be tested every two or three years and, if necessary, they 
should he re-inoculated. With certain batches of vaccine made from 
virus 17 D, Pox and others have reported a few cases of encephalitis. 
This complication appeared suddenly in 1941. 17 D virus (Asibi strain j 
is distinguished by marked attenuation. When inoculated intracerehrall} 
into rhesus monkeys it causes encephalitis — which is not usually fatal. 

The more viseerotropic the strain the higher is the concentration of fc lo 
virus in the liver. 
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A valid inoculation ceriificaie is one certifying that the hearer has been 
inoculated for the first time more than ten days and less than five years 
previously to entering the endemic zone, or that he has recovered from an 
attack of yellow fever and his blood contains immune bodies. 

On the whole, results have been very satisfactory. Very few deaths 
from yellow fever have been recorded in inoculated individuals, though not 
all are equally protected. Aedes mosquitoes are unable to take up the 
virus from the blood after immunization, so that there is no reason why 
protective inoculation should not be carried out in areas where these 
insects are present. Mass inoculation is the only practical answer to the 
jungle yellow fever problem, as was amply demonstrated by the vaccination 
of over a million persons in Brazil in 1938. During the recent war nearly 
quarter of a million troops in West Africa were immunized by the 
17 D virus. 

Similar steps have not yet been taken by the authorities in British East 
and West Afncan territories and the Anglo-Egyptian Sudan to ensure that 
mass inoculation is done in Europeans and in indigenous inhabitants. 

Preparation of yellow-fever vaccine.— Because the concentration of 
the virus in tissue culture is never very high, developing chick embryos, about 
seven days old, are inoculated with tissue culture virus, 17 D, 0-05 ml. Aqueous- 
base vaccine is now employed (Hargett). A small hole is drilled through the 
shell, and after inoculation this is sealed, and eggs returned to the incubator for 
a further 90 hours. The embryos are then triturated and for each 3 grm. is 
added 1 ml. of distilled water. The finely-divided tissue extract is centrifuged 
for 30 minutes at 3,500 r.p.m. and the supernatant fluid drawn off. The filtrate, 
which is used for inoculation, usually contains between 1,000 and 10,000 mouse 
minimal lethal doses of virus per nil. Yellow-fever virus is very labile, and 
rapidly becomes inactivated in liquid state, even when kept in the icebox, but 
when desiccated in frozen state in vacuo it is much more stable. All vaccine 
preparations are therefore dried in the frozen state and sealed in glass after 
desiccation. When the residual moisture is low, and the material is kept in 
the icehox, the virus remains active and virulent for years. If, however, the 
residual moisture is over 5 per cent, the keeping qualities are reduced. This 
constitutes one of the chief difficulties in the application of the present type 
of vaccine for large-scale vaccination under field conditions in the tropics. If 
the residual moisture content should be above the critical level there is always 
a danger that, during transportation in a tropical climate, the material will 
become inactivated, and inactive virus will not immiuiize. 

The standard yellow-fever vaccine should be an aqueous base (serum- 
free) type. The dried product must contain not more than 1 per cent, 
moisture and is stored in glass ampoules sealed with nitrogen. 17 D strain 
of virus of 200~300th subcultures must conform to certain requirements in 
testing in monkeys. A safety test is performed with secondary seed virus. 
The serum of inoculated monkeys must show a certain standard of virulence 
to mice and at least five out of six inoculated monkeys must become 
immune. Not more than two out of six monkeys may develop encephalitis. 
Chick embryos from virus-inoculated eggs should not be more than 11 days 
old. The fiiished vaccine, when dehydrated to its original volume, should 
contain not less than 150,000 MLD as determined by the phosphoryl 
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pentoxide-vacuum method, aad at least 500 MLD should be used to 
vaccinate man. Random samples must be tested on guinea-pigs, 4-5 ml. 
being injected intrapehtoneally, and no significant clinical reaction should 
occur. Random samples are also tested for sterihty. The labels should 
show date of manufacturing, date of issue, and expenditure date which 
should not be more than one year after date of issue. The seed virus 
must be preserved in the dry state under nitrogen at — 70° C. If properly 
prepared and stored it will remain viable for an indefinite number of years. 
The French in Dakar use a scratch method of inoculating the yellow 
fever vaccine combined with vaccinia. 

Other ultramicroscopic viruses resembling yellow fever, — 

Several of these viruses have been isolated in recent years in North and 
Central Africa and in South America. Their exact significance is as yet 
uncertain. 

Durand's virus (virus J>) was isolated in Tunis in 1940 and described by 
Findlay (1942). It is pathogenic for man as well as the guinea-pig. It is 
widely distributed in other laboratory animals, and in mice it circulates in 
the blood without any ill effects. It can be cultured on the chorio-allant oic 
membrane of the chick. The particles of this virus are from 38 to 
57 wifjL in size. VTiether this virus is widely distributed as a cause of 
sickness in man, or whether it is mainly confined to guinea-pigs remains to 
be determined. 

Bunniba fever (Western Province of Uganda) has been described by Smithbum, 
Mahaffy and Paul (1941). This disease is characterized by sudden onset, head- 
ache and backache. Symptoms subside in about five to .seven days. Nine 
strains of filterable Bwamba Forest virus were isolated from the blood of as 
many patients suffering from this illness. It is pathogenic for mice by intra- 
cerebral or intranasal inoculation. Gruinea-pigs and rabbits are insusceptible. 
The virus particles are about 113 to 150 mu. in size. Another, now generally 
known as West Nile virus, was found by Smithbum and Jacobs (1942) to be 
more widely distributed in the West Nile area, in the Eunyoro district. It is also 
active in the Sudan, Uganda, Kenya and in the Congo. Immune bodies to 
this virus have been found in the blood of forest monkeys of genera Cercocebus 
and Colobus. Kukuruka disease described in Nigeria is almost certainly infective 
hepatitis. 

Mengo-encephalomyelitis virus was described by Dick and others in Uganda 
in 1948 ; it causes paralysis in man and monkeys and is related antigenically 
to an encephalomyocarditis virus isolated in the Pacific area. Semliki Forest 
virus .was found in mosquitoes : it causes encephalitis in mice. 

Unknown viruses capable of infecting mice when inoculated intracerehraliy 
have been isolated from wild-caught mosquitoes. In Brazil Laemmert and 
Hughes isolated a virus from AMes and Psorophota, which could be transmitted 
by Aedes cegypti in the laboratory. A somewhat similar virus was isolated 
from Aedes ahnorm/ilis by Smithbum and Haddow and is known as Uganda S. 
Another is known as the Bunjamwera virus, and others as Ntaya, and Zika. 
Altogether eight viruses have been isolated in Uganda- 

All these viruses, with the exception of the West Nile virus, have been isolated 
from mosquitoes. Mengo virus has been isolated from Tcsniorhynchus africanus 
and T. miformis ; Zika virus from the former ; Ntaya from a mixed collection ; 
Bunyamwera from species of Aedes ; Semliki from Aedes abnorrmlis and 
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Uganda S from A. longipalpis. There is good evidence that man becomes 
infected with Bwaniba fever. West Nile virus and Meiigo encephalomyelitis • 
possibly also with JSTtaya, Uganda S and Zika. Meiigo virus has been isolated 
from the blood of a mongoose, whilst the isolation of Zika, as well as the former 
from captive rhesus monkeys, leaves no doubt that they were naturally infected 
Only in the case of Bunyamwera virus is there any direct evidence of human 
infection, when Southam (1951) inoculated four patients with it and produced 
symptoms (Dick, 1953). 
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RIFT VALLEY FEVER 
Synonym. Enzootic hepatitis. 

Definition. — An epidemic disease of sheep and cattle in Kenya, caused 
by a filterable virus which is transmissible under certain circumstances to 
man. The best account of this disease is by G. M Findlay ri932 ). An 
outbreak in S. Africa of considerable size has been described by Mundel, 
Gear and others in 1951. 

.etiology —The virus occurs in the blood and appears to be present in the 
plasma and attached to the blood-ceUs ; it is found in the blood, liver, spleen, 
and other internal organs, but not in the urine. It may pass through the placenta 
of pregnant animals and infect the foetal tissues. The size of the virus particles 
has been estimated by Broom and Findlay to be bet^v^een 23 and 35 When 
present in plasma, or suspended in physiological saline at pB. 7*2, the virus can 
pass through Berkcfeld K.V. and W. candles, as ^vell as through Chamberland 
L 2 and L 3 candles, without any loss in virulence. Blood preserved in oxalate- 
carbol-glycerin has retained its virulence for mice when preserved in the ice- 
chest at 4° C. for eight months. Like that of yellow fever, the virus of Rift 
Valley fever is sensitive to the hydrogen-ion concentration of the fluid ; at 
pR 8*0 it is destroyed. Mackenzie (1933) succeeded in cultivating the virus 
without loss of titre in a medium of chick embryo and Tyrode’s solution. The 
character of this virus remains unaltered. It can also be grown on the chorio- 
allantoic membrane of the developing chick embryo. 

Mackenzie and Findlay, by repeated intracerebral passage in mice which had 
previously received intra peritoneal injections of immune serum, succeeded 
in producing a neurotropic strain which causes an acute meningo-encephalo- 
myelitis in mice but little or no necrosis of the liver. Similarly, in monkeys 
and lambs, a fatal encephalo-m 3 ^elitis follows intracerebral injection. 

Apart from the susceptibility of sheep, lambs, goats and wild game, especially 
buck, the pathogenicity of the virus for man and monkeys {Macaco) and many 
small rodents (mice, field-mice, wood-mice, hamsters, dormice, and rats) is 
noticeable. Alice succumb in tw^o to four days. Cats appear to be slightly 
susceptible. Indian and South American monkeys of the genera Macaco, 
Hapale and Cehns, are relatively susceptible, but African monkeys of the genera 
Cercopiihecus and Oercocehiis are relatively insusceptible, and do not suffer from 
any^ febrile reaction. Local East African rodents have been found by Daubney 
and Hudson to be highly susceptible to thdis virus, and probabfr play a part in 
its dissemination. These are Arvicantkus abyssinicus, Mastomys coucha, and 
Rhabdcmys pumilw. 

During April and May 1944, Smithbum, Haddow and Gillet obtained the virus 
from mosquitoes caught in an uninhabited forest area from Mongiro, Bwamha 
County, in Western Uganda. The mosquitoes involved were Aedts tarsalis and 
A. aUiocephalus, A, (Stegomyia) de-boeri subsp. de-meillcmi and Eretmapodites sp., 
containing E.chrysogaster,E. inomatiis, E.ferox and E. kucopus sahs^. prodvctus* 
The sera of two persons from Bwamba were positive, but that of 72 \Gld monkeys 
belonging to 9 species in Bwamba were all negative. As Eretrmpodites mosquitoes 
do not occur in Kenya it is thought that the vector there is A. tarsalis and 
A. dmdrophilus. 

Using a mouse-protection test somewhat similar to that used in yellow fever, 
Findlay, Stefanopoulo and MacGallum have found that immune bodies can be 
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detected in the blood of natives from the Nuba Mountains in southern Anglo- 
Egyptian Sudan, northern Uganda, and French Equatorial Africa. No immune 
bodies were found in hloods from West Africa. 

Duration of infectivity. — In susceptible animals the infection can be 
transmitted by subcutaneous, intraperitoneal, intratesticular, or intracerebral 
inoculation, by application to the scarified skin, or by instillation into the nares 
or conjunctival sac. 

In human cases which have been tested the virus can be demonstrated in 
the blood for six days after the first rise of temperature, or nine days after the 
inoculation. 

As in yellow fever, it is probable that the apparent disappearance of virus 
from the blood and tissues is due, not to the death of the virus itself, but to its 
neutralization in the presence of immune bodies. 

Pathology. — The pathological change in animals consists of a focal necrosis 
of the liver. These foci may be discrete, as in sheep or goats, or may coalesce 
so as to involve the whole liver, as in young lambs, and in mice, rats and other 
rodents. The histological changes consist of an infiltration with mononuclear 
and polymorphonuclear cells, and a hyaline degeneration of the cytoplasm of 
the liver cells (Councilman lesions). In the livers of infected mice, acidophilic 
inclusions (or intranuclear bodies) have been found, by Findlay, as in many 
other filterable virus diseases, and similar bodies have been described by Daubney 
and Hudson in the livers of experimentally-infected sheep in Kenya. The 
nuclear changes in the affected cells are of the type known as “ oxychromatic 
degeneration.” 

Symptoms. — ^In those cases which have been observed in man the incubation 
period varied from four and a half to six days. At the commencement of the 
fever a feeling of nausea and a sensation of fullness in the hepatic region is 
experienced, and this is followed by violent headaches, pain in the back, rigors, 
and general malaise. The face is flushed, and there is photophobia without, 
however, any marked conjunctival congestion. Retinal complications and loss 
of vision were serious and not uncommon in the S. African outbreak in 1951 and 
are said to be distinctive (Freed and Shrire). The tongue is thickly coated 
and epistaxis usually occurs. Bone pains are confined to the shoulders, back, 
and legs. The temperature varies between 101° and 102° F. On the fourth 
day of the fever the temperature falls to normal, accompanied by profuse sweat- 
ing ; a post-febrile weakness and a tendency to sweating on the least exertion 
remain. The bowels are usually constipated and the urine is deep yellow. 
There appears to be an initial slight leucocytosis, followed on the third and 
fourth days by a definite leucopenia, which persists into convalescence. 

One human case has been recorded in which the fever lasted for ten days, 
ranging from 10T-103° F., and showed a regular saddle-back character. The 
virus of Rift Valley fever thus produces in man a disease resembling in many 
respects dengue and phlebotomus fevers. In one instance three febrile attacks 
of decreasing severity were noted. One fatal infection in man was recorded 
by Schwentker and Rivers (1934) from the Rockefeller Institute, New York. 
This occurred in one of the members of the staff who had been worldng with the 
virus. Although the course of the illness was otherwise typical, it was compli- 
cated by thrombo-phlebitis — a condition not previously described in association 
with, this disease — and death was due to a pulmonary embolus. In the early 
stages the virus was present in the patient’s blood and was pathogenic to mice. 
Death occurred on the forty-fifth day of the illness. 

Immtinity, — ^An immunity can be established in infected monkeys and it 
has been shown that they cannot be re-infected with massive doses of the virus 
for at least six months. In man immunity is present for at least sixteen years, 
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Diagnosis. — The virus of Rift Valley fever is distinguished from that of 
yellow fever by its pathogenicity on intraperitoneal injection for small rodents 
(mice and rats), and by the fact that monkeys (Macaca) immune to yellow 
fever are later susceptible to infection with the virus of Rift Valley fever. Human 
cases have also occurred in persons known to have suffered from yellow fever. 
The serum of recovered cases gives a specific complement -fixation reaction, 
and contains immune bodies which neutralize the virus when serum and virus 
are inoculated into mice. There is no relationship with dengue, phlebotomus 
fever, or West Nile virus. 

Treatment. — In human cases, treatment by injection of immune serum 
has been attempted by Findlay, though it is not possible to estimate the result. 
In view of the toxic action on the liver, glucose should he given by mouth. The 
virus is not sensitive to sulphonainides. 

Prophylaxis. — Evidently in the midst of a sheep epidemic human beings 
are themselves very susceptible to infection. There is some evidence to show 
that in the Naivasha district of Kenya, a mosquito — Mansonia fuscopennata — 
may be responsible for the transmission of the virus, whilst Daubney and Hudson 
also report that it is possible to convey the disease by inoculation of the hody- 
contents of other mosquitoes, such as M. versicdor and Jf. microannulata, 
though Hick has suggested that twm species of AMes may he involved. The 
neurotropic virus may he of value in immunizing sheep and cattle, since on 
subcutaneous injection it causes almost no reaction. 



CHAPTEE XIX 

PSITTACOSIS AND ORNITHOSIS 

Definition. — Psittacosis is a disease of parrots, parrakeets and budgerigars 
transmissible to man. Ornithosis viruses are now known to infeet a 
considerable number of birds, including finches, pigeons, gulls, fulmar 
petrels, willets (North American snipe) and ducks in Long Island ,^nd 
California. ^Vlien the virus occurs in parrots and their relatives it is 
known as “ psittacosis ” : in other birds as “ ornithosis.” 

Epidemiology. — Outbreaks of psittacosis were at one time thought to have 
all arisen in Brazil, but no human cases have ever been reported in that country. 
There is no evidence that epizootics of this disease occur under natural conditions 
amongst the parrots in the forests of Brazil, but when these Amazon parrots, 
especially Amazom cestiva, are in captivity, and are transported under grossly 
insanitary conditions to Europe, the disease arises and is able to spread. 

A greater mortality from this disease occurs during the cold weather, as 
found by Gordon in budgerigars experimentally inoculated with psittacosis 
virus. The symptoms in birds are those of an acute infection. The infected 
bird sits listlessly, with ruffled and dirty plumage ; it suffers from diarrhoea 
and there is usually a discharge from the eyes and nostrils. Becently, however, 
the problem has been further complicated by the discovery of the virus in appar- 
ently healthy birds in California and in Australia. When killed, they are found 
to have enlarged spleens containing the virus. 

The source of infection is usuaUy the Amazon, though grey African parrots 
have been the apparent cause in. some of the British oases. In Australia 
a number of parrots caught in New South Wales have been found infected, 
while in the Northern Territory the Gouldian finch {PolpMh, govldia) and the 
long-tail finch (P. acuticauda) carry the virus. The Bengalese finch, a hybrid 
between Aidemosyne malaharica and Uroloncha striata^ imported from China, 
is also a carrier, as are the siskin and crossbill. Among the Ploceidce the Java 
sparrow may show infection. 

Possibly canaries, blackbirds and thrushes may occasionally act as carriers, 
and a disease resembling psittacosis has occurred in the Earoe Islands, where 
apparently it is propagated by the fulmar petrel, Fulmams glacialis (Haagen 
and Mauer). During the last few years an atypical pneumonia had been described 
from these islands. It was confined to the middle-aged and occurred in summer 
and early autumn. Infection appeared to be contracted by the women who 
pluck and salt down the fulmar fledglings. (Rasmussen, 1938.) 

The virus has been found to cause disease in pigeons in South Africa and in 
the United States, where at least five human cases have been reported in those 
who have had contact with sick birds. Pigeons have also been found infected 
in the Gold Coast. Andrewes and Mills (1943) isolated the virus from apparently 
normal pigeons in Southern England. It is not possible to tell from the appearance 
of the bird whether it is infected or not. 

Parrots may remain in a subacute infectious condition for several years. 
Direct infection fiom man to man has been noted, and in one English outbreak 
the doctor in attendance contracted the disease from his patient. House 
epidemics, too, are apparently not uncommon, particularly in Vienna, and, 
according to Gerlach, human beings may act as virus carriers after imperceptible 
infections. Human carriers axe known and one man has remained infected for 
eight years. 
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An infective pulmonary condition with a general typhoidal picture occurring 
in definite groups should suggest psittacosis. 

iEtiology,— The virus nature of psittacosis was worked out by Bedson and 
Western on the budgerigar {Melopsittacus nndulatus), in which the disease is 
highly contagious. The virus can be transmitted by citrated blood or emulsions 
of liver or spleen. The blood contains the virus in the early stages of the disease 
and as long as the tenth day. Besides parrots and parakeets, hens are susceptible. 
Mice are susceptible to experimental infection by intraperitoneal inoculation 
and, on intracerebral injection, develop encephalitis. These animals become 
acutely ill three or four days after injection and die of septicaemia with enlarge- 
ment of the spleen. 

The virus of psittacosis will pass Chamberland’s L^, and Seitz EK filters. 
The size is 220-330 mji. Rabbits and guinea-pigs are suscejDtible to intracerebral 
inoculation (Rivers and Berry), as is also the Tasmanian devil {SarcopJdlus 
Tiarrisii). The virulence of the virus is increased by passage through mice, 
and an intracerebral inoculation reveals a definite neurotropie tendency (Gordon). 
The virus of psittacosis inoculated intratracheally or intranasally in monkeys 
produces a pneumonia similar to that observed in man (Rivers and Berrv). 

In parrots which have succumbed to a fatal dose of the virus, minute bodies 
are seen in the endothelial leucocytes in and near focal lesions. These Gram- 
negative bacillary bodies have also been found in human tissues and have been 
described by Levintbal, Coles, and Lillie as Rickettsia psittaci\ The forms 
described in the early stages of infections of the mouse with psittacosis are 
developmental stages of the virus, which, according to Bedson and Bland, has 
a complicated life-cycle reminiscent of certain of the protozoa. These virus 
bodies, readily demonstrated by Giemsa^s and Castaneda's stains, show con- 
siderable morphological variations. Some forms resemble bacteria : others 
riokettsise and, indeki, some authorities (Lillie) think the virus belongs to this 
group. Psittacosis virus, however, is best classified with the virus of lympho- 
granuloma venereum in a group termed by Rake the Chlamydozoaceae. 

Pathology. — The pathology of psittacosis in the parrot was described by Lillie. 
A fibrinous or purulent pericarditis is produced with pericardial haemorrhages. 
The liver is usually enlarged and studded with white foci of necrosis with 
red areolae. On microscopic section this organ showed coagulation necrosis 
with oxyphil, pyknotic and karyolytic liver cells. Marked proliferation of 
the Kupffer cells was noted, and focal infiltration by plasma cells and macro- 
phages laden with fat. 

Autopsy findings in man are those of a general septicaemia with inflammatory 
condition of the lungs. The spleen is normally edarged and soft, with semi- 
diffluent pulp. The most striking changes are found in the lungs, which exhibit 
a peculiar haemorrhagic vesicular pneumonia, complicated by pulmonary throm- 
bosis and a mucopurulent bronchitis in which bacteria are numerous. In the 
microscopic pathology one of the most striking features of psittacosis-pneumonia 
is the variation in type of the alveolar contents, often within the same micro- 
scopic field. Some alveoli contain serum alone ; some serum and red corpuscles ; 
and some leucocytes, macrophage cells and alveolar epithelium. An interstitial 
cellular infiltration has been not^ in about half the cases. 

The lung changes were at first thought to resemble those of influenzal broncho- 
pneumonia, but they are now recognized as a distinct type. In psittacosis 
the consdidation is of a lobar type with abundant fibrin formation throughout 
the affected areas ; there is practically no polymorphonuclear reactiou, and 
haemorrhages occur only in relation to the more severely damaged areas. The 


1 The particle have also been called ifiyoffauranieUc psUtQKi (Meyer). 
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bronchioles are inYolved. (In influenza the process is essentially a broacho- 
puenmonia and the lung is nodular.) In the brain a condition known as “ cerebral 
purpura ” is not uncommon, caused by masses of red colls escaping by diapedesis 
from the capillaries, the walls of which remain intact. 

Symptoms. — Psittacosis in man is a severe illness with a high mortality (about 
20 per cent.). All ages and both sexes are affected. It is, however, as a rule 
comparatively mild in young people, increasing in severity with age. In those 
over fifty it is usually fatal. The duration of the disease is two to three weeks. 
Convalescence is protracted and tedious, and may be interrupted by temporary 
relapses or by femoral-vein thrombosis. 

During the first week the patient may feel comparatively well, in spite of 
high pyrexia. The fever gradually rises in a step -like fashion to attain a maximum 
about the end of the first week. When recovery occurs the temperature falls 
by lysis. The early symptoms are epistaxis and generalized pains. Towards 
the end of the week the whole aspect becomes more severe ; the patient suffers 
from profound exhaustion and tends to become somnolent and intermittently 
irritable ; there is usually a troublesome paroxysmal cough, which persists to 
the second week. Scattered signs of consolidation, which may eventually 
involve the greater part of the lung, become apparent. Constipation now becomes 
manifest and gives rise to tenesmus and abdominal discomfort. The nervous 
symptoms consist of headache, drowsiness, apathy and mental depression. 
During the second week a state of semi-coma with muttering delirium sets in, 
to such an extent that life is despaired of, but when things appear at their worst, 
the temperature begins to fall by lysis, and in a few days the patient gradually 
shows signs of improvement. 

Although the illness is usually severe, yet mild and even ambulatory cases 
have been recorded. The incubation period appears to be about eight to ten 
days, but may extend to sixteen days. In man-to-man infections it is generally 
about four days. Pyrexia is usually of the typhoid type, and occurs in all 
cases ; some have a gradual rise of temperature of the step-ladder ” variety. 

Epistaxis is early, usuaUy on the first, sometimes as late as the eleventh to 
fourteenth day. Headache is a constant feature. Chills and rigors usually 
occur, and with the latter a temperature of 104° F. has been noted. Generalized 
influenza-like pains are the rule. The throat is usually sore and congested, 
and in a few cases the tongue is swollen and sore, iu the condition known as 
peribuccal oedema.” The lungs are involved in almost every case, with a 
cough of varying intensity, but the sputum is scanty ; it may be rusty, charac- 
teristic of .lobar pneumonia. The physical signs in the lungs vary considerably. 
A relative bradycardia is the characteristic feature of the cardiovascular system. 
With a temperature of 103° F. the pulse is about 90 and this feature increases the 
typhoidal-like character of the disease and, indeed, the typhoid state accompanies 
all severe cases. Photophobia is also a feature, and, towards the end of the first 
week, most patients become lethargic, with stuporose appearance, sluggish 
speech, and blunted mentality. 

Ro^ spots,” or similar skin lesions, have been noted in nine British cases, 
at varying periods from about the seventh to the thirteenth days. The spots 
were on the chest and abdomen, more rarely on the back, measured 2—4 mm. in 
diameter, and faded on pressure. Parotitis has been noted twice. The blood 
picture in characteristic psittacosis is not markedly altered. Ambulatory cases 
may have a fatal relapse. 

Diagnosis. On clinical grounds the diagnosis of psittacosis is not easy, as 
it has many features in common with typhoid. The gastro-intestinal symptoms 
may resemble those of that disease, but perforation and haemorrhage never 
ocouTf The spleen is usually palpable in typhoid, but in only two out of 80 
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cases of psittacosis lias this been recorded. With influenza, too, it has many 
features in common. Blood- cultures and agglutination reactions are completely 
negative in psittacosis, and inoculations of blood or sputum in. the early stages of 
the illness will prove fatal to mice. Apart from isolation of the virus, the most 
satisfactory method of diagnosis is by the compleinent-fixation reaction. 
According to Bedson, the most satisfactory antigen is obtained from the spleens 
of infected mice, as it is essential to employ material that is rich in it. Antigen 
may also be prepared from cultures of the virus on agar-serum or chick-embryo 
medium. The technique is similar to that of the Wassermann reaction. It is 
diagnostic 8-12 days from the beginning of the disease, when it occurs 1 in 2-1 
in 8 and in higher dilutions. There is a non-specific fixation with syphilitic sera 
up to 1 in 8. 

Differential diagnosis. — Psittacosis in parrots has to be differentiated 
from Pacheco’s parrot disease, which was discovered by Pacheco, Bier and 
Meyer, while investigating pathological conditions of parrots in Brazil. The 
filterable virus produces a clinical picture similar to psittacosis, but it differs from 
psittacosis virus in not being communicable to man or pathogenic to mice, 
while in the necrotic liver cells there are large acidophilic intranuclear inclusions. 

Prognosis. — The mortahty rate in human cases so far reported is high — 
usually about 20 per cent. — and convalescence is slow and tedious. 

Treatment. — Symptomatic treatment and nursing should be on similar 
lines to those of typhoid. The majority of strains are sensitive to penicillin 
w'hioh should be given in doses of at least 400,000 units a day. Some strains of 
ornithosis virus are also sensitive. ChloroTnycetin is specific for the psittacosis 
virus (Smadel). Serious cases have been treated with aureomycin, 500 nigm. by 
mouth, every four hours. The results are dramatic (Hamke, 1951). 

Prophylaxis. — The best method of avoiding a disease which is conveyed by 
birds of the parrot family is to avoid contact with these birds. Petting parrots, 
and especially insertion of the beak into the mouth, should never be allowed. 
The importation of members of the parrot family and finches into countries 
where the disease is not endemic should be prohibited. Care must be exercised 
by those capturing nestbng sea birds, especially fulmar petrels — a practice which 
is now prohibited in the Paroes. 



CHAPTEE XX 


RABIES 

Synonyms. Hydrophobia; Eage (French) ; Toll wut (German) ; Lyssa; 
Eabbia (Italian). 

Definition.— Eabies is a disorder of dogs and other animals. Under 
natural conditions it is transmitted both to animals and man by inoculation 
of virulent saliva in the act of bitmg. 

It is mow realized that it is caused by a virus, which invades the central 
nervous system by the peripheral nerves, and becomes fixed there. The 
incubation period is in some cases very long, and the centres for respiration 
and deglutition in the brain are severely attacked, so that spasm and, 
eventually, paralysis result. Protection is afforded by inoculation with 
attenuated or killed rabies virus and, to some extent, by antirabic serum. 

Geographical distribution.— There is no part of the earth where man and 
other terrestrial animals can live where rabies cannot potentially exist. Tt 
occurs quite commonly in Greenland, Iceland and other Arctic countries, but it is 
possible that in the Par North a special modified form exists. In the tropics and 
subtropics, especially where jackals, wolves, foxes and wild dogs abound, a 
specially virulent form is sometimes prevalent. In South America and in the 
West Indies, cattle are commonly affected^, constituting a reservoir of the virus, 
and in Jamaica the vampire hat plays an important part in dissemination. 
Australia is said to be free from this disease, and this freedom is ascribed to 
the peculiar fauna and the rigid quarantine which has been imposed upon dogs. 

Rabies has been stamped out from Great Britain for nearly fifty years, except 
for small outbreaks among dogs when an animal has been smuggled into the 
country -by aeroplane. It is very prevalent indeed in India, where, on 
account of the numerous and dangerous bites from wolves and jackals, it 
causes a high mortality. Statistics are difficult to obtain, but an average of 
about 5,000 persons are treated annually at the Pasteur Institute, Kasauli. 

In the United States of America 10 states or territories are considered to be 
free from the disease, both in man and animals, and until recently it accounted 
for about 100 deaths a year. 

Anirmls susceptible to rabies . — All warm-blooded animals are susceptible, 
under favourable conditions, to experimental inoculation of the rabies virus ; 
it is more commonly met in nature in those mammals which are subjected most 
often to the bites of dogs, wolves and foxes. Some species are rarely infected, 
either because they are seldom subjected to bites, or because they are provided 
with thick fur. 

There is some reason to believe that skunks, weasels, stoats, civet-cats, and 
possibly the meerkat {Cynictis penicilhta) may propagate the disease widely 
among their own kind, as does the dog. The susceptibility of rats to sub- 
cutaneous inoculation led to the opinion that these animals might also be capable 
of perpetuating this disease in nature, but of this there is little evidence. There- 
fore, in South Africa meerkats act as a reservoir, while in the United States grey 
squirrels may play a similar idle. 

Domesticated animals are affected with the following percentage frequency : 
dogs 85-1; cattle 10*7; horses 1-48; swine 1-12; oats 0-81; sheep 0-7; 
goats 0*08. Donkeys are rarely affected. 

^ la South America rabies iu catfcle is— perhaps wronglj— termed “ ATal de Oaderas.” 
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Wolves, foxes and rabbits may be affected in countries where they abound. 
Eirds are relatively insusceptible to inoculation and this is said to be due to 
their high body temperature. Frogs are said to be susceptible. 

The alleged disproportionate prevalence of rabies during certain seasons of 
the year appears to have little foundation in fact. In India one-third of the 
cases are inflicted by jackals, 50 per cent, of mad dogs excrete the virus in the 
saliva, whilst rabies foUov^dng scratches is rare. 

^Etiology.— The symptoms of rabies indubitably point to an intoxication 
of the nervous system, while the pathological changes also indicate that this 
is the part affected. 

The most generally accepted view of the infection is that the virus of rabies, 
upon its introduction beneath the epidermis, finds its most favourable medium 
for propagation in nerve-endings and fibres torn in the region of the bite. 
Along the course of the axis cylinders it develops and travels, without disturb- 
ing their function, until the central nervous system is reached. The virus is 
strictly neurotropic (septinevrite), although Marinesco and Stroesco consider that 
the main path of dissemination is by the lymphatics. Finally, the cells of the 
central nervous system are attacked, the first effect being excessive stimulation, 
followed by destruction. At the same time a neurotoxin is produced which 
is responsible for some of the symptoms. FTerves leading from the site of 
the inoculation to the central nervous system have been shown to become 
progressively infectious in ascending segments, while complete section previous 
to inoculation confines the toxin to the lower segment. The blood and lymph 
appear to be incapable of taking up the toxin from the site of inoculation. 

Street virus virus des Strassenvirus^^) is the strain found in the 

virulent nervous tissue infected by the natural disease^ ; its virulence is very 
variable and, when inoculated subdurally into rabbits, it causes symptoms 
of rabies after a variable period of more than fourteen days. Inoculations 
should, if possible, he carried on for several passages, till the nature of the virus 
becomes clear. Considerable variation in street virus occurs, some strains 
showing rapid adaptation to the central nervous system. Certain strains from 
wolves are known as renforce and produce paralysis in rabbits after a short 
incubation period. 

Fixed virus {virus fixe) is modified from the street virus by passing through 
a long series of rabbits. In this manner its virulence becomes greater for these 
animals, so that finally they develop the dise^ise after a constant or “fixed” 
period of inoculation, ^er which no farther passages can reduce the incubation 
period below this span. This virus does not normahy produce Xegri bodies. 
The mouse, however, appears to he the most suitable animal for rapid diagnosis. 

Nicolau and Kopciowska were able to pass a strain of rabies virus from sciatic 
nerve to sciatic nerve for more than one year, and have thereby reconverted 
“ fixed virus ” into “street virus.” The straiu of fixed virus has been passaged 
in the laboratory for six years and gives rise to from one to four Negri bodies 
in 100 ganglion cells of the horn of Ammon. This transformation was achieved 
by passage inoculations made into the right sciatic nerve, the emulsions employed 
being obtained from the left sciatic nerve of the previous animal. With great 
trouble, two lines of passage have been obtained covering a period of more than 
a year. 

Negri “ bodies — Xegri originally described certain oxyphilic granules in the 
aerve-gangHa cells of the hippocampus major. Although they are probably 
of the same nature as the cytoplasmic inclusion bodies found in association with 


^ The disease known as Ovlou-fato among the natives in West Airica has been shown to be identical 
with rabies. Nicolau, MathJs, amd Constantinesco claimed that this virus is less vimlent, and more 
difficult to fis, than the true rabies virus. 
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other ultramioroscopic viruses, yet Negri bodies are admittedly very constant 
in rabies, peculiar to it, and useful for diagnosis. 

Covell and Banks, after micro-incineration and other studies, concluded that 
the Negri bodies arise from constituents in the nerve-cell as a result of the virus. 
They are not present in every case of rabies, but when a person has been bittea 
by an animal having symptoms suspicious of rabies, preventive treatment 
should at once be instituted. Inoculation tests have shown that this practice 
is sound. The custom of killing suspected animals immediately after they 
have bitten their victim is not recommended, as this practice operates against 
the demonstration of Negri bodies which may be present in the later stages of 
the disease. Furthermore they have to be distinguished from the Lentz hodiesi. 
Other changes in the nervous tissue, of less importance from a diagnostic viev, 
have been described, and Courmont and Lesieur claimed that in the dog there is a 
relative polymorphonuclear-leucocyte increase in the blood and in the lungs; 
whereas iu the normal dog these cells average 63 per cent., in the rabid animal 
they form 90 per cent. 

Passage of vims in carnivorous animals.— When passed through dogs 
the virus does not lose its potency ; on the contrary, it becomes fixed witb 
an incubation period of eight or nine days, but iu rats streei vims becomes rapidly 
augmented in virulence ; on the other hand attsnmtm and, finally, Im of 
virulence is produced when monkeys, frogs and birds are inoculated. 

Location of the vims in the body.— The central nervous system and the 
peripheral nerves contain the virus with constancy, but infectiousness is variable 
in different parts of the nervous system. It was found by Nitsch that O'l 
mgm. of the brain cortex {fixed vim) was lethal to rabbits in seven to nine days, 
whilst 0*6 mg. from the centre of the cord was not virulent, though 1*0 mgm. 
was. The medulla, for instance, is five times more virulent than the rest of 
the cord. The salivary glands of dogs are constantly infectious. The generally 
accepted view is that the virus finds its way to these glands by way of the nerves 
and, according to Remlinger, the saliva of a dog may remain virulent five days 
after apparent recovery from rabies. In man the salivary glands are seldom 
invaded The blood is non-infeotious, either in man or in experimental animals. 
There is no evidence that the virus can be conveyed to the foetus. Neither the 
milk, urine, liver and spleen, nor spermatic fluids ever harbour it. 

Cultivation of the virus.— Although there is considerable doubt whether 
the virus can be snccessfuUy grown in the chorio-allantoio membrane of the 
developing chick embryo, it has been grown successfully, either in a plasma 
medium or in serum-Tyrode, containing mouse- or chick-embryo tissue. Human 
and simian are more satisfactory than rabbit serum for this purpose. The causal 
agent of rabies is a virulent substance of a protein nature. Endowed with powers 
of assimilation it can be cultured on the ohorio-allautoic membrane of the chick 
embryo. Rabies virus occurs, not only in the nervous system and salivary 
glands, but also in almost every organ. It has been demonstrated in the supra - 
renals, spleen, liver, kidney, lung, testicles, retina, choroid, vitreous, crystalline 
lens, bub not in the aqueous humour.- 

The Swiss mouse and white mouse are the animals of choice for experimental 
work; the former is ten times more susceptible for rabies virus than the rabbit or 
guinea-pig and is incomparable for assessment for the immunizing power of 
different antirabies vaccines. 

Desiccation does not attenuate, but preserves the rabies virus. Now in almost 
every country the classical method of Pasteur and dilution method of Hoegyes have 

^ Lentz bodi^ occor is the sympathetic gain^lia and extraoellalarly betvreen ganglion cells ot rabbits 
injected with fixed Tims. 
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been replaced by the use of etherized or phenolized vaccines which retain their im- 
munizing properties for months and can he despatched far and wide. Paralytic 
accidents complicating antirabic treatment are on. the increase. It is important 
to distinguish between “ rage de laboratorie,” where the virus used in treatment 
is recovered at autopsy, and the “ paralytic accidents,” whilst usually less serious, 
are much more frequent. In most countries cattle, horses, sheep, pigs and goats 
are being successfully immunized after having been bitten by rabid animals. 

Powell and Culbertson have succeeded in cidtivating fixed rabies virus in 
embryonated duck’s eggs. The eggs were infected intra-amniotically and 
growths harvested after 14 days. -Apart from the embryo itself a degree of 
infectivity could also be detected in the extra-embryonic fluids. The strains 
have been carried on for three generations and seem to have lost some of their 
virulence for mice, and when used as a vaccine this material protected against 
700 L.D. as determined by the mouse potency test. 

Properties of the virus. — The particle size of the virus of fixed rabies is 
100-150 my., as determined by filtration. Centrifugalization renders the super- 
natant fiuid of an emulsion avirulent. The virus is sensitive to heat ; thus 
ordinary undried emulsions lose virulence after exposure to 50® C. for sixty 
minutes and to 60® C. for thirty minutes. In the dried form, however, the virus 
resists 105° C. for two minutes. On the other hand it can withstand intense cold 
(liquid air at — 190° C.) for three months, and 50 per cent, glycerin for many 
months. 

Desiccation . — Eapid desiccation of brain and spinal cord is not destructive 
to virulence, and virus in this state can be preserved in stoppered bottles in the 
dark for nine months. Gradual desiccation at higher temperatures (23° C.) is 
accompanied by gradual attenuation, so that virulence is usually lost in five or 
six days. 

Filtration . — Emulsified rabies virus passes through the pores of Berkefeld 
filters, hut not finer than Lg in the series of Chamberland bougies, and it is 
claimed that fixed virus passes through finer pores than street virus. 

Ohemical agents . — Rabies virus is sensitive to the action of acids and alkalis, 
but more resistant to chemical disinfectants than are bacterial emulsions. 
Probably, when it is introduced into the subcutaneous tissues, leucocytes and 
other cells are capable of absorbing it. The serum which is immunized against 
rabies is able to destroy the activity of the rabies virus in vitro. Trom immunized 
sheep a serum of a very high antitoxic titre has been obtained. 

The Trinidad disease (Paralyssa). — ^Hurst and Pa wan (1930) described 
a curious paralytic form of rabies in Trinidad. It appears to affect, and be 
spread by, the vampire hat, which in South America and in. the Antilles feeds 
indiscriminately on the blood of man and cattle. Oviedo in the 16th century 
described the death of forty Spaniards from the bites of vampire bats. The 
disease was first noticed in cows ; subsequently five cases were discovered in 
man, and the virus was transmitted to monkeys. This disease is apparently 
identical with “mal de caderas ” of South American cattle, but is probably 
better termed South American lyssa. Some doubt has been expressed whether 
the bat at first identified by Pawan was the vampire or a harmless species of 
the genus Artihceus, hut Lima (1934) in Brazil by direct experiment, brought 
forward evidence that, in the State of Santa Catherma, epizootics of paralyssa 
are prevalent in the favourite haunts of vampire bats (Desmodidae) and that 
the transmitter is the local species {DesmoAus rotimdus). The virus may be 
demonstrated in their saliva and they act as carriers for considerable periods. 
Kraus and Duren suggested the designation “ Paralyssa ” for this form. 
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Incubation period of rabies. — This is remarkable for its length and great 
variability. In nature it is seldom under ten days, but may extend to a year 
or even to thi’ee, though in the majority of cases the disease develops before the 
end of the thii*d month. 

The length of the incubation period is influenced by the follow-ing factors. 

(i) The species of animal : it is usually longer in man than in the lower animals. 

(ii) The site of the inoculation : the shorter the distance from the brain, the 
shorter vill be the period of latency, whilst females exhibit a shorter period 
than males, and children than adults, (iii) The severity of the wound and the 
physical condition of the patient have an undoubted influence. 

Webster gives the incubation periods as : — 

Eites on head, face and neck . . . . 30 days. 

„ upper extremity . . . . . . 40 

„ lower extremity . . . . . . 60 ,, 

Symptoms and clinical course. — Rabies presents two distinct clinical types : 
the furious or excited, and the quiet, “dumb ” or paralytic. Some distinguish 
four types of the disease : cerebral, medullary, cerebellar and sympathetic. 

The excited or furious type . — The onset of rabies is usually rapid ; the patient 
shows some psychical change very early, becoming anxious, melancholy, and 
possessed of strange presentiments. Sleep becomes impossible. Soon, local 
numbness, twitching, and a sense of itching progress from the wound, which 
becomes engorged and tender. Sometimes the first symptom is a strange sensa. 
tion in the throat or a sense of constriction of the fauces. 

The mental symptoms may be ‘purely hysterical, and many cases have been 
recorded in which the onset is determined by mental shock, "though fright and 
terror may be regarded as manifestations of the disease. An initial rise of tem- 
perature is perhaps the most constant early sign. 

Symptoms may last several days before the outbreak, but usually only twenty- 
four to forty-eight hours. H'lfdrophohia, the outstanding symptom, prevails in 
the great majority, and arises from extremely painful spasms of the organs of 
deglutition and respiration induced by attempts to eat and, especially, to drink. 
These spasms are so agonizing that they exceed, possibly, all other forms of human 
suffering; the sight or smell, or even the sound of liquids, is sufflcient to excite 
an attack. When an effort is made to gulp down a small quantity of liquid it is 
expelled, with an anguishing spasm of the throat and larynx. This condition 
is a state of h^’per-susceptibility of the nerve- cells to external stimuli. Draughts 
of air may bring on a convulsive seizure ; skin and tendon reflexes are exaggerated ; 
respiratory spasms involve the thoracic muscles and cannot be relieved by 
intubation. Solid foods are usually more readily taken than fluids. 

The disease progresses rapidly. In the majority of instances there may be 
periods of latency which cause hope of recovery and doubts of the diagnosis. 
The mind is usu^y exceptionally clear, questions being answered with inteUi- 
genee until the voice becomes indistinct and words unintelligible. But there 
are periods of excitemeut wliich may be truly maniacal ; the patient may 
injure or destroy any objects near at hand, but there is seldom any tendency 
to injure other persona. Sexual excitement, accompanied by priapism, is 
frequent. The voice usually becomes hoarse ; the strange sounds emitted 
during expectoration at the onset of the seizure have given rise to the popular 
conception of “ barking like a dog.” 

The convulsive seizures become more and more pronounced until paralysis 
leads to death. The muscles, which have been racked to the limit of endurance, 
become Hmp, and the face, previously expressive of terror and suffering, becomes 
expressionless , There is usually an excessive secretion of ropy saliva, which the 
patient is unable to expel. Finally, the breathing becomes irregular and feeble 
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and at last ceases altogether. The temperature rises before death. Sugar and 
acetone are usually found in the urine. In the paralytic stage the pupil is dilated. 

The paralytic type in man . — Because symptoms are less maried than in the 
violent type, this undoubtedly remains unrecognized in many cases. Por a 
time the mere existence of this form was forgotten. Pathologically it has been 
attributed to infection with a large amount of virus and to the involvement 
of the spinal cord rather than the brain. The onset takes place with high fever, 
general malaise, headache, and vomiting ; afterwards there is localized pain, 
especially in the hitten'parts ; a heaviness and numbness of these regions follow, 
then ataxia, weakness, and finally paralysis. Girdle sensation is usually present. 

Consciousness is retained until late in the disease. Paralysis spreads, with 
preceding or accompanying pain in the affected parts, involving limbs, trunk, 
rectum, bladder, face, tongue, and eye muscles. Some difficulty in swallowing 
liquids results from the respiratory embarrassment, but “hydrophobia” is 
usually absent. Frequently, normal respiration may be temporarily restored 
and death takes place from cardiac paralysis. This form of the disease is more 
prolonged than the furious type, lasting up to seven and a half days, as com- 
pared to the average duration of three to four days in the latter. 

Babies in the lower animals . — On account of its highly developed intelligence 
the dog shows the most marked psychical disturbances, and when it begins to 
exhibit marked and causeless changes in disposition, suspicion of rabies should be 
entertained, especially if there are other reasons. The dog may become more 
morose, suUen, or irritable, or show excessive affection. Fatal infections are apt 
to occur at this stage through licking wounds or abraded surfaces. 

A very characteristic symptom is the change in the character of the voice, 
which is said to resemble the yelping of a tired foxhound giving tongue. The 
rabid dog is easily startled, growls or barks on the slightest provocation, and may 
bite other animals, or man ; he bites them, or passes by, but never swerves to 
attack them. 

The popular idea of a rabid dog as an aggressively mad animal is incorrect. 
On the contrary, it looks ill, takes no interest in its surroundings, trots along 
with a wavering gait, often ^th unilateral drooping of the ear. Convulsions 
soon appear and the animal may die during one. More frequently, a paralytic 
stage supervenes and the dog drags itself to a secluded spot. In contradistinc- 
tion to its usual habit, it swallows sticks and stones and other objects. 
Swallowing, at first difficult, later becomes impossible. 

The paralytic form is most frequent amongst dogs, and is peculiarly dangerous 
to man. The dog becomes the object of sympathy so that bystanders often 
become scratched or bitten. Such rabid dogs are intensely thirsty and have no 
fear of water but, owing to the paralytic condition of the throat, they are unable 
to swallow. Glycosuria is a common symptom of rabies in animals, and is said 
not to be of renal origin. 

The paralytic form is very common in herbivora, but horses present the most 
agonizing type of the furious form. 

Experimental rabies in the rabbit . — ^AJber subdural inoculation, rabies manifests 
itself by a premonitory fever ; the animal appears sleepy and does not eat. 
The appearance of the face is characteristic, the eyes have a staring expression 
and frequently there is drooping and lopping of one ear. The animal urinates 
more frequently than normal. Barely, the fiirious stage supervenes, convulsive 
seizures are frequently observed and there is grinding of the teeth. Paralysis 
begins in the hind legs and proceeds forwards. Abortion is common in pregnant 
females. 

Mortality in tinireated and treated persons . — Once rabic S 5 nnptoms develop the 
disease is invariably fatal and the average mortality varies from 5-15 per cent. 
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It is highest from wolf-Lites, more especially on head and face and higher in 
deep than in superficial wounds. Remlinger considers that of 1,000 persons 
treated in an antirabic institute for dog-bite probably only 500 have been bitten 
by rabid dogs as the death rate in such persons would he about 15 per cent. 
We may expect 75 out of the 1,000 would die of rabies, if untreated. The 
mortality in treated persons is about 5 per 1,000 and it appears that antirabic 
treatment saves 70 per thousand so treated. The mortality from untreated 
wolf-bite is 60 per cent., and it is rare for these animals to bite unless they are 
rabid; yet the mortality in cases of wolf-hite which have been subjected to treat- 
ment is not more than 15 per cent. (Remlinger). It is therefore justifiable to con- 
tinue to regard antirabic treatment as of some value in the prevention of rabies 
though it may not act hy the orthodox method of active immunization. 

Immunity. — ^Natural immunity to rahies is exhibited by a number of lower 
vertebrates ; occasionally in mammals oxx.individ'ml immunity may be observed 
and a state of hereditary immunity has been, somewhat doubtfully, described by 
Remlinger and Konradi. 

Much more is known about acquired immunity. Man and animals may be 
rendered immune by inoculation with modified virus of rabies; secondly, 
their blood acquires “ rabicidal ” properties, that is, the power to render inert 
the virulent material exposed to its action in vitro. 

Immunity to rabies can he conferred by increasing doses of filtered emulsions, 
especially those exposed to high temperatures. 

Levaditi and Stoel showed that the virus of rabies is maintained, and probably 
multiplies, when placed in vitro in contact with ceUular elements. The virus 
develops in contact with embryonic cerebral tissue in vitro. 

The virus is more virulent in rabbits, inasmuch as it causes the disease more 
rapidly, but at the same time it loses virulence for animals higher in the taxono- 
mical scale. It is assumed that, by passage through rabbits, the virus becomes 
augmented, hence the early onset and the paralytic symptoms. Its resistance 
to the mimical action of the body juices is thought to he reduced ; hence the 
harmlessness of subcutaneous injection. The argument in favour of the toxin of 
rabies being an ultramicroscopic vii’us is the production of symptoms of fever, 
emaciation, and cachexia after passage through a filter. Glusman, Solonjowa 
and Predtetschenkaya have found that the virus can pass through Chamherland 
bougies L2 L3. Occasionally during inoculations, or soon after, paralytic 
symptoms appear, apparently not directly due to rahic infection. Paralysis of 
the Landry type is often noted. These paralytic accidents, which are associated 
with demyelinization in the nerve sheaths, are probably of an allergic nature. 

There are other peculiarities of the rabies virus toxin ; thus, the spinal cord 
of the rabbit, when dried until it has lost its infectiousness, has also entirely lost 
its immunizing properties. It is therefore possible to explain artificial immunity 
conferred by injection of fixed virus. The successive injection of dilutions of 
fixed virus, increasing from weak to strong, or of emulsion of the dried cord has 
the following effect : the rabies toxin contained within them arrives earlier at the 
cells of the central nervous system by way of the blood and lymph circulation 
than it does by progressing along the nerves, so that when it arrives at the centres, 
the protoplasm of the cells has already become accustomed to the action of the 
rabies toxin ; consequently the virus, introduced during preventive inoculation, 
can no^ longer affect them and produce chromolytic changes. Unattenuated 

fixed ” virus may now be u&ed for production of immunity, for there is no danger 
of producing^ rabic infection from its subcutaneous inj ection. It has recently been 
shown that, in the presence of a pointolite, rabies virus may be inactivated by the 
photodynamic action of dyes, such as methylene blue or proflavine, in high dilu- 
tions. Inactivated virus, however, retains its antigenic power. 
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Diagnosis and differential diagnosis. — The diagnosis of rabies rests upon 
the consideration of many factors, such as the history of exposure to infection, 
the length of the period of incubation, the clinical symptoms and course, the 
termination, and the post-mortem findings, confirmed by inoculation tests on 
animals. 

In recounting the history of exposure to the virus, due consideration must 
be given to the mental excitement of the patient and to the fact that the rabies 
may be infectious several days before the appearance of rabid symptoms in 
infected animals. 

Very often it happens that no history of infection may be obtained until late 
in the disease, or until after death. There are instances where the victim has 
died of rabies, yet the infecting dog has recovered. In assessing the length of 
the period of incubation, well-authenticated cases of rabies may commence as 
early as ten days after exposure, hut hysterical manifestations come on a few 
hours or days after assumed exposure. The mental behaviour of the patient 
during the probationary period may assist in diagnosis, but many eases show no 
disturbance whatever until tell-tale signs develop. The chief difficulty is, of 
course, with hysterical manifestations, and it is stated that hypersensitiveness to 
draughts of air, common in true rabies, is not evoked in hysteria, so that fanning a 
patient may produce a convulsive seizure. Tetanus and mania may also simulate 
rabies. The absence of trismus in one, and of convulsive seizure in the other, 
will help. Some paralytic cases of rabies may resemble Landry’s paralysis. 

In the lower animals there is a variety of diseases, such as dog distemper, 
dog hysteria, or brain tumour, which may simulate rabies. The hysteria of dog 
distemper and true dog hysteria have to be differentiated. Then there is the 
pseudo-rabies or “mad itch ” of Aujeszky, This virus is much more resistant 
to desiccation. RemJinger and Bailly found that the intraocular route is the 
most practical method of differentiation in experimental infections, because in 
pseudo-rabies the issue develops suddenly, which is not the case in true rabies. 
The infection is transmitted along the axis cylinders of the nerves, reaching the 
ganglia and segments of the cord, producing this degeneration which is probably 
responsible for the itching from which the disease takes its name. Pseudo- 
rabies has occasionally occurred in men, as a result of handling infected animals. 
It is a non-fatal disease and is characterized by intense itching. 

Cases of “psychological” rabies have occurred in medical men and veterinarians 
bitten by dogs suspected of having rabies. Apart from psychological symptoms, 
there are no nervous changes. 


Treatment 

Indications for treatment are : — ^If the biting animal is clinically rabid, especially 
when confirmed by laboratory tests, in endemic areas after the bite of a stray 
animal or dog, or after handling an animal diagnosed as rabid, when there are 
fresh abrasions of the skin contaminated by saliva. 

(a) Treatment of the developed disease. — ^No cure has yet been devised 
for the fully developed disease. As in other virus diseases, a potent antirabic 
serum has no effect once the symptoms have begun. Therefore, fully developed 
rabies in man must he treated on symptomatic grounds. Chloroform inhalations 
are given for control of painful spasms ; chloral and bromides per rectum and, 
if possible, curare, subcutaneously, hlorphia is apt to increase the mental 
excitement and suffering. Where the patient cannot swallow food, rectal alimen- 
tation is to be preferred to feeding by stomach- tube. Intubation or tracheotomy 
are probably both useless for the relief of dyspnoea and suffocation. Mechanical 
restraint is generally unnecessary and should not be resorted to except in violent 
maniacal forms. The attendants must preserve a calm and pleasant demeanour 

13 
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and, when speaking of the disease, should do all possible to reassure the patient, 
Penicillin and the sulphonamides are useless. 

(6) Prophylactic treatment of person exposed to infection.—Cauteriza- 
tion of the infected wound has been practised since time immemorial and, when 
properly carried out, it is undoubtedly of some benefit. It has been shown 
by experiment that the incubation period is prolonged, even when it does not 
prevent extension of the infection, and thus permits more time for estabhshment 
of immunity hy antirabic inoculations. Actual cautery is very painful, and is 
efficient only if done thoroughly and instantaneously. Experimental work on 
guinea-pigs shows that application of iodine, or washing with soap and water is 
as effective as cauterization, 

(c) Preventive inoculation. — ^The Pasteur treatment for the prevention 
of rabies in exposed persons is designed to confer immunity during the period 
of incubation. The production of this immunity is necessarily a long process, but, 
fortunately for humanity, the incubation period of rabies is normally much longer. 
In persons in whom, from a combination of factors, the incubation period is very 
short, the Pasteur treatment fails. 

The principle upon which the Pasteur treatment is based may possibly rest 
upon the production of immunity by inoculation of modified rabies virus. 
However, it is much more probable that the value of antirabies inoculation 
depends on the interference phenomenon where the killed or attenuated virus 
particles prevent the virulent particles from reaching susceptible nerve cells. 
This has been finally accomplished by serial passage of the virus through rabbits 
until a fixed degree of virulence has been reached, and secondly, by its attenuation 
by desiccation. The first of these processes is the more important and the one 
most frequently employed at the present time. The following methods have 
been employed : 

Laboratories producing antirabic vaccine must periodically test the properties 
of the strain, by neutralization tests with antiserum samples in mice. Mice 
must be immunized with vaccine ready for use by intracerebral injection. 
In such tests it is customary to inject the subsequent or ‘‘ challenge ” dose of 
live virus by a rate which kills all control animals. 

The mouse immunity test vaccine to be assayed is diluted Thirty-two 
week-old mice are required. Canine vaccine is given intraperitoneally to each 
of sixteen. Por vaccines for human use mice are given 3-6 injections. Three 
weeks after the first injection of vaccine sixteen control mice are divided into 
four lots and injected intracerebrally with 1 ; 10, 1 : 100, and 1 : 1 ,000 (40-50) 
doses. Both test and the sixteen control mice are examined for 60 days. Vaccine 
effective for mice is equally effective for dogs. Phenolized vaccines, however, 
fail to immu n ize mice against a subsequent intracerebral challenge. It is difficult 
' to protect laboratory animals by antirabic treatment after injection. 

(1) Unmodified fixed virus, introduced by Eerran : 0‘08 grm. of cord of a 
rabbit dead of a fixed- virus infection is emulsified with the aid of fine sand, 
using 8 ml. of salt solution or bouillon : 6 ml. of the supernatant fluid is injected 
subcutaneously into three different parts of the body, 2 ml. in each. The in- 
jections are repeated on five successive days. 

(2) The dilution of fresh-fixed virus, a method introduced by Hoegyes, who 
maintained that attenuation could be more accurately controlled by diluting 
the firesh virus with salt solution and increasing the dosage, as treatment pro- 
gressed, by increasing the strength of the emulsion. An improvement suggested 
by Harvey and McKendrick is to take smaller amounts of an original emulsion 
of fixed virus prepared from the spinal cord of a rabbit dead of a fixed-virus 
infection, rubbing it up with sterile salt solution in the proportions of 1 in 100. 
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Dilutions are prepared Tarying from 1 in 200 to 1 in 10,000. The dilutions are 
then used for immunizing. For severe cases, such as head or face wounds, as 
many as five injections are given daily in dilutions varying from 1 in 2,000 to 
1 in 10,000, in the first four days, and subsequently, to the twentieth day, two or 
three times daily. Formulae have to be devised to suit individual cases. 

(3) Fixed virus aitenucted hy drying . — The original method of Pasteur, and one 
still most extensively practised, has the advantage that it may be administered by 
private practitioners at some distance from the laboratory, since dried virus can 
be preserved by glycerinization, and despatched in this condition. The original 
scheme of Pasteur has been greatly modified, according to the time consumed by 
the treatment, by dispensing with some of the more attenuated cords, and by 
increasing or diminishing the dosage at individual injections. In the first four 
days two 3 ml. injections are made daily of emulsions of cord dried in vacuo 14, 13, 
12, 11, 10, 9, 8, 7 days respectively. The total course of treatment is twenty-one 
days. 

(4) Fixed virus attenuated hy heat . — A method advocated by Babes appears 
to be merely a more difficult method of attaining the same "result as by the 
desiccation method. 

(5) Fixed virus acted on hy glycerin , — ^VVhile glycerin possesses the power of 
conserving rabies virus in an active state for a month or more, on prolonged 
exposure this virulence is lost, although the immunizing power may be retained. 
This is the method which was advocated by Calmette, although rarely is this 
immunity sufficiently substantial to withstand suhdermal inoculation tests 
with the fixed virus. 

(6) Mark claimed that a rapid immunity is secured by treating a fixed virus 
partially neutralized by antirabic serum in vitro. It is said that a virus of high 
immunizing power, but of diminished infectious properties, can be administered. 
For this method one gramme of the medulla of rabbit is taken. A passage-fixed 
virus is rubbed up with 9 ml. of veal broth and the emulsion strained through 
cloth. To 2 ml. of this emulsion is added 4 ml. of antirabic sheep serum, pre- 
viously heated for thirty minutes at 56° C. The 6 ml. of mixture is injected into 
the skin of the abdomen in two places and the same injections are repeated on 
three following days. 

Formalinized virus which has been grown in tissue -culture can confer con- 
siderable immunity to mice, while after exposure to ultra-violet light it is still 
antigenic. 

(7) The carboUzed fixed virus is used at Kasauli aud other stations in India. 
The whole brain is removed and a solution containing 1 per cent, of phenol 
in 0*85 per cent, salt solution is mixed and placed in a mortar in an incubator 
at 37® C. for twenty-four hours — sufficient to kill the virus. The suspension 
is stored at 0° C. while tests are being carried out, and is used as a vaccine after 
two to three weeks’ storage. 

Before inoculation the suspension is again diluted with an equal part of 0*85 
per cent, salt solution, so that it finally contains 0*5 per cent, brain substance. 
Each patient, however severely bitten, receives 4 ml. of this suspension daily for 
a period of fourteen days. 

In India those at risk receive 2 ml. daily for sex’en days ; those most at risk 
10 ml. for 14 days. The antirabic treatment fails in severe wounds of head and 
face. McKendrick gives the overall mortality in treated persons as 0*33 per 
cent., in Europeans as 0*15 per cent., and in non-Europeans as 0*56 per cent. 

(8) Chemical vaccines ^ phenol, chloroform and formol inactivate the virus, if 
left in contact for a sufficient time. There is some evidence that chloroform 
vaccines are the better immunizing agents. Attenuation by ultra-violet light 
has been extended to brain tissue and such vaccines are considered the most 
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potent. In this respect it is found that the Pasteur strain is a more efficient 
antigen than mms fixe preparations from Indian strains. 

Serum therapy. — Although, when it was first discovered that rabies serum 
was capable of destroying rabies virus in vitTO^ hopes were entertained of its 
beneficent action in man, results have been disappointing. 

The indications for the Pasteur treatment. — All persons who have been bitten 
by rabid animals, or who have had open wounds or scratches contaminated 
with the saliva of rabid animals, should receive the treatment. If, however, 
the suspected animal remains alive and well for ten days after the bite, treatment 
may safely be discontinued. In persons who have drunk the milk of infected 
cows, the possibility of infection is very remote, as gastric juice destroys the virus. 
Everyone who has been bitten by animals presenting symptoms of rabies should 
receive antirabic treatment, whether or not the suspicion is confirmed by 
histological examination, and pending the result of inoculation tests. Those 
persons who are bitten by animals which do not show any of the symptoms 
of rabies should not be exempt from the necessity for treatment until the biting 
animal, which should be carefully confined and watched, is shown to be free 
from the disease. It must be emphasized that histological examination is 
conclusive only when Negri bodies are demonstrable in the central nervous system . 

The results of the Pasteur treatment. — Even with the most careful assessment 
of the results of treatment, it is extremely difficult to determine exactly the 
mortality-rate after the bite of a rabid dog. In untreated persons the estimated 
mortality is about 14*8 per cent, in 122 persons (Doebert, 1909). In 1935, 
118,000 people received prophylactic inoculation. Figures published by the 
League of Nations show that from 1929-1935 only 0*4 per cent, of 524,258 people 
receiving antirabic treatment died from rabies. Though many were not bitten 
by rabid animals, nevertheless the impression remained that mortality would 
have been greater if they had not been so treated. As a general statement, it 
may be said that the total mortality of bitten persons subjected to antirabic 
inoculations is about 1 per cent., of whom half could not, on account of the short 
time permitted for the establishment of immunity, have been expected to live. 
Comparison of statistics from various Institutes giving antirabic immunization 
does not show any marked preponderance in favour of any particular method 
as there are so many variables to he taken into consideration, such as the situa- 
tion of the bites, the interval between bite and the initiation of treatment, the 
thoroughness with which rabies was diagnosed in the biting animal and the 
length of time during which the patient was followed up after the end of treatment. 

There is growing evidence that the Pasteur treatment is not a true immuniza- 
tion but is the result of immunization. 

Myelitis foltowing antirabic vaccine is a rare complication. Tranverse myelitis, 
which may be transient, has been recorded. Russell (1946) has described a case 
in which myelitis terminated in bulbar palsy ; virus or toxin was held responsible. 
This presupposes that the heterologous hraiu substance in the vaccine is toxic to 
the central nervous system. This may be directly cytotoxic or anaphylactic, the 
patient becoming sensitized by repeated injections. These cases of demyelinating 
disease are essentially similar to the demyelinating encephalomyehtis associated 
wii;h vaccination. 

Polyneuritis. — ^The Gullian-Barr6 S3mdrome consists of polyneuritis, with 
frequent involvement of the facial nerve and discrepancy between the high 
protein level and the lower number of cells in the cerebrospinal fluid, in those 
who have completed a course of antirabic treatment. 

Immunization of animals. — ^In South America, cattle in many areas are 
being immunized prophylactically, while in certain towns dogs have been similarly 
treated. During the rabies outbreak in Singapore in 1937, arrangements were 
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ma^ to immunize the whole dog population, amoimting to approximately 
1 3,000. A killed virus should preferably he used for animal immunization. 

Examination of suspected material for evidence of rabies. — The 
material generally consists of the head of some animal, most frequently of the 
dog, and should^ be wrapped in cloths soaked in bichloride of mercury or other 
germicidal solutions, while for miscroscopic examination material may be sent 
already fixed in weak alcohol. For inoculation, the medulla which has been 
immersed in glycerin is suitable. Sections give lietter results than smears, but 
naturally take longer to prepare. If grossly contaminated with bacteria, the 
tissues should be treated with ether in a concentration of 10 per cent., which does 
not destroy the virus when allowed to act for two hours at 4° C. 

In order to locate the hippocampus, or cornw Ammonis, the brain is placed 
upwards, vdth the temporal lobe lifted outw’ards from the median line until 
the cornu comes into view as a long cylindrical whitish body tapering at Its 
anterior end. Smears are made on slides or cover glasses by crushing a small 
section of brain matter between two of them and drawing out under gentle 
pressure to produce a fairly thin film. After fixation they are stained in Unna’s 
polychrome methylene blue for three minutes and examined after differentiation 
in 95 per cent, alcohol. ^ Negri bodies stained in this way take on a magenta 
colour. In recent j^ears it has been suggested that the mesencephalon, or oculo- 
moto nucleus, is a more favourable site than the hippocampus. Morgan and 
McEunnon, however, found that in naturally infected dogs and donkeys, the 
hippocampus should be regarded as the site of election. 

Another technical method is subdural inoculation, which is performed by a 
small trephine or jeweller s drill, to effect an opening into the skull large enough 
to admit a needle. The mouse is more suitable than the rabbit or the guinea-p^. 
Negri bodies can be demonstrated in mouse brains eight to nine davs after inocula- 
tion (Sulkin and Nagle). ‘ ■ 

For the technique of removal of the spinal cord from rabid rabbits and the 
methods of drying in vitro, more authoritative works must be consulted. The 
present dry method consists of cutting 1 cm. pieces of cords of rabbits killed 
each day after inoculation, up to the eighth day. These should then be placed 
in glycerin in a cold place, where they will retain their potency for several weeks. 
Material conserved in this way can be distributed from the laboratory. It is 
first cut into half- centimetre pieces, each of which serves for one injection, when 
emulsified in ml. of salt solution. 
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Synonyms. Dandy Eever ; Breakbone Eever ; Chapenonada 
(Philippines) ; Sellar Pever, 

Definition.— A specific fever conveyed by Aides cegypti, and some 
other aedine mosquitoes, occurring usually as a rapidly spreading epidemic. 
Throughout the febrile stages, and often subsequently, severe rheumatic- 
like pains are prominent. The disease in its active form lasts about a week, 
and is attended with little, if any, mortality. Severe cases may simulate 
yellow fever. 

Geographical distribution. — Europe , — Greece (epidemic of 239,000 
cases in September, 1928), Turkey. Asia. — Syria, India, Ceylon, Burma, 
Cochin China, S. China, Indonesia, Philippines. Ajrica. — Egypt, Libya, 
Tunis, Morocco, Tangier; whole of coastline as far south as Loanda on 
the West and Durban on the East; Madagascar; Mauritius and other 
islands of the Indian Ocean. Australia. — N. Territories and N. Queens- 
land (Brisbane), New Guinea, Fiji, Samoa and other Pacific Islands. 
America , — Central and S. America as far south as Sao Paulo in Brazil. 
N. America, Charleston and Philadelphia (epidemics in 1922-23 and again 
in 1934) ; W, hidian islands. 

Epidemiology and endemiology. — The characteristic of dengue fever 
is its tendency to recur at intervals of years, sometimes in pandemic waves, 
during which, it may be, three-fourths of the population are attacked. 
The epidemic may last for one season, or may be spread over several years. 
Between them, sporadic cases occur, by means of which the virus is 
maintained. Thus is formed the nidus of infection for a new epidemic 
but, owing to their mild nature, sporadic cases are frequently not recognized. 
In pandemic form the disease often appears at a considerable distance 
beyond its usual confines, and may even ascend mountains to a height of 
6,000 feet. The epidemiology appears to depend more upon conditions 
suited to the particular mosquito conveying the disease than upon those 
affecting man. Owing to the shortness of the immunity produced, control 
of dengue requires reduction of the mosquito index to zero. 

When dengue spreads beyond its ordinary tropical limits, as for example 
in the epidemics of Philadelphia and Asia Minor, extension occurs only 
during the hottest part of the year — ^in the late summer and early autumn. 
Epidemics occur generally after the rainy season and, in the Pacific 
Islands, and in the southern hemisphere generally, the disease appears to 
have a seasonal incidence during June, July, and August. 

It appears to prefer the coast-line, and the deltas and valleys of great 
rivers, to the interior of continents. Nevertheless it may occur not only 
in tropical jungle, hut in savannah country. The Grecian epidemic of 
1928 was ascribed to the great increase of the population of Athens, and 
the estabhshment of a large non-immune community increased by a 
great influx of refugees. There were numerous breeding-places of 
mosquitoes in the Piraeus, and it was estimated that 90 per cent, of the 
population became infected. 
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The observations of Mackerras in New Guinea suggest that there is a 
parallelism between the epidemiology of dengue and yellow fever in that 
“urban” and “jungle” forms can occur in both diseases. There the 
latter type is found over very wide areas and the distribution of 
A. scutellaris agrees exactly wdth that of dengue. The broad picture 
is of Aedes cegypti-cBiU&ed dengue in small parts of old-established 
settlements, and scutellans-cansedi dengue in parts far removed from 
civilization. 

Etiology. — Graham, in Beirut, Syria, first suggested that the disease 
was transmitted by a mosquito {Gulexjatigans). Later, Ashhurn and Craig 
(1907) demonstrated that dengue is caused by a filterable virus which is not 
contagious, and that a true immunity to re-infection is developed in certain 
individuals. 

By a series of well-conceived experiments, Cleland, Bradley and 
MacDonald in Australia proved that the virus of dengue is conveyed by one 
species — Aedes osgijpti (formerly Sfegomyia fasciata), but not by Gulex 
jatigans. By subinoculation from one indHddual to another they trans- 
mitted the disease for four generations, and showed that the virus is present 
in the blood from the second to the fourth day. Subsequent experiments 
by Siler confirmed this work. He found that the blood in dengue is 
infective to the mosquito from eighteen hours bejore onset to the end of 
the third day of the illness. A. cegijpti does not become infective for 
eleven to fourteen days, but then remains so for the rest of its Life. 
When the temperature is below 18" C. this does not occur. Passage of the 
virus through man to the mosquito fails either to attenuate or increase it. 
Simmons (1931) showed that Aides alhopkftis is probably the chief vector 
in the Philippines and probably also in Japan. In New Guinea the vector 
is A. scutellaris, subspecies h-ebrideus. The extrinsic period in these 
mosquitoes is between 13-19 days. Armigeres breiiili may also be an 
efficient vector. In Plorida, it has been suggested on epidemiological 
grounds that Aides iceniorhijnchus may also transmit dengue. 

Blanc and Caminopetros studied the epidemiolo^ of dengue in Greece 
and Macedonia, and showed that in these countries its distribution and 
that of Aides cegypti correspond, but in Australia the distribution of 
dengue is always rather less extensive than that of this insect. An idea 
has been fostered that some affinity between the virus of dengue and that 
of yellow fever might exist, but this received no confirmation from the 
work of Stefanopoulo and others who subjected the sera of several in- 
dividuals who had suffered from dengue to the yellow-fever mouse- 
protection test. Moreover, Dinger and Snijders fed mosquitoes {Aides 
albopictiis) on dengue cases in Medan, Sumatra, and then dispatched them 
to Amsterdam, where they were re-fed on volunteers who subsequently 
developed dengue. It was thereby proved that the same virus in the 
same hatch of mosquitoes reproduced different types of fever in different 
individuals. One might show the typical saddle-back temperature curve : 
another, continuous fever lasting seven days. Prom this they concluded 
that the five-day fever of Scheer and the seven-day of Rogers are not 
distinct diseases, as had been supposed. 

Manoussakis has shown that the dengue virus can be transmitted almost 
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indefinitely from one volunteer to another without alteration in virulence, 
and in each the incubation period was five to seven days. Twenty-five 
ml. of blood was taken from a dengue case in the first twenty-four hours 
of the disease, placed in 200 ml. of normal saline, sealed and placed in the 
incubator; after six days’ incubation 6 ml. of the supernatant fluid, 
injected subcutaneously into volunteers, gave rise to dengue. The virus 
can be dried and frozen without losing its virulence. This was shown by 
Hoffmann, Mortens and Snijders, who transported dried serum from 
Java to Amsterdam and subsequently inoculated volunteers, reproducing 
typical fever 2S5 days after it had been abstracted. 

The disease can be transmitted from man to various species of monkey : 
Macaca mulaitaj M, pliilipjpensis, M.fumcatus. In M. mulatta there is, as 
a rule, a leucopenia with reduction in the number of polymorphonuclear 
leucocytes. Though the virus is present in the blood, the disease cannot 
be transmitted from monkey to monkey. Mice are not susceptible to 
inoculation. The so-called cattle dengue, sometimes termed three-day or 
ephemeral fever, though also due to a virus, has no relation to human 
dengue. 

Sahin has found that one strain of dengue is transmissible to mice by 
intracerebral inoculation. 

According to Pandit and Sbortt, dengue virus has been cultivated in 
India on the chorio-allantoic membrane of the chick. By these means it 
was found that the virus persists in the blood for seven days. During 
convalescence immune bodies can also be demonstrated by this method. 

Pathology. — On account of the low mortality post-naortem records 
are few. In the autopsies recorded, localized pulmonary and intracranial 
inflammation and general lymphadenitis were the special features. Serous 
effusions in the neighbourhood of joints and inflammation of the crucial 
ligament of the knee have been noted, while myocarditis, nephritic lesions 
with degeneration of the cells of the convoluted tubules, and a specific 
encephalitis with leucocytic blocking of some of the cerebral capillaries, 
have also been recorded. 

Symptoms.— As noted by Findlay and Brookfield attacks in Europeans 
are more severe than in the indigenous inhabitants. The inoubaiion period 
of the naturally acquired fever seems to be somewhat variable, generally 
from five to nine days, though sometimes it appears to be shorter. The 
course of the disease may be divided into three periods : stage of invasion, 
lasting two to three days ; stage of remission, lasting twelve hours to three 
days ; terminal fever and eruption. 

Stage of invasion, — An attack of dengue may be preceded for a few hours 
by a feeling of malaise or, perhaps, by painful rheumatic-like twinges in a 
limb, toe, finger or joint, which, when confined to the knee-joint, are 
excruciating. Usually it sets in quite suddenly. Sometimes the fever is 
ushered in by a feeling of chilliness or even by a smart rigor ; sometimes a 
deep flushing of the face is the first sign. However introduced, the fever 
rapidly increases. The head and eyeballs ache excessively, and some 
particular limb or joint, or even the whole body, is racked with peculiar 
stiff, rheumatic-like pains, which, as the patient soon discovers, are much 
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aggravated by movement. The loins are the seat of great discomfort? 
amounting in some cases to actual pain ; the face — particularly the loTver 
part of the forehead, round the eyes, and over the malar bones — may 
become suffused a deep purple ; and often the skin over a part or the 
vrhole of the body, and all visible mucous surfaces, are more or less flushed. 
The mouth and throat are usually erythematous vith small superficial 
erosions. The eyes are usually much injected. This congested, hyper- 
sensitive and erythematous state of the skin constitutes the so-called 
prodromal eruption. There may be a tache cerehmle. 

The cerebro-spinal fluid is under pressure ; there is some increase in the 
albumin and a considerable increase in sugar, but no increase in the chlorides 
and no marked cellular reaction. This hjrpertension is probably the cause of the 
severe headache, stiffness of neck, pain in the back and bradycardia which 
supervene in the stage of reaction. 

These symptoms becoming in severe cases intensified, the patient, in a 
fe^w hours, is completely prostrated. His pulse rises to 120 or more ; his 
temperature to 103® F. (Chart 20), in some cases to 105®, even to 106® F. 
He is unable to move oviag to intense headache, severe pain in limbs and 
loins, and profound sense of febrile prostration. From time to time the 
skin may be moistened by an abortive perspiration, but for the most part 
it is hot and dry. Gastric oppression is apt to be urgent, and vomiting 
may occur. Gradually the tongue acquires a moist, creamy fur, which, 
as the fever progresses, tends to become dry and yellow. In this condition 
the patient may continue for from one to three or four days, the fever 
declming somewhat after the first day. 

In a proportion of cases, and particularly in certain epidemics, crisis 
does not occur, the fever slowly 
declining during a period of three 
or four days. In some epidemics 
enlargement of the lymph nodes, 
particularly of the cer\dcal group, 
has been noted, especially by Helser 
(1937), and more recently by Find- 
lay and Brookfield (1943) in the 
Gold Coast and Nigeria. In one 
epidemic in St. Thomas in the 
Virgin Islands adenitis was re- 
corded in 62*5 percent. 

Stage of remission . — When the 
second stage is established and the 
thermometer has sunk to normal, 
the patient is sufficiently well to 
leave his bed and even to attend to business. The tongue clears, and 
the appetite and sense of well-being return to some extent. 

Terminal fever and erujption . — The state of comparatively good health 
continues to the fourth, fifth, sixth or even to the seventh day, counting 
from the onset. Then there is generally a return of fever, slight in most 
cases, more severe in others. With the recurrence of the fever a rubeolar 
eruption, consisting of dark, dusky spots, appears. The pains hkewise 
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return, perhaps in more than their original severity. Though the fever 
subsides in a few hours, the eruption, at times very evanescent, may be 
apparent for two or three days longer, to be followed very frequently by 
an imperfect furfuraceous desquamation. 

Characters oj the eruption . — The terminal rash of dengue possesses very 
definite characters. It is absent in a very few cases, but in many, being 
slight, it is overlooked. Usually it commences on the palms and backs of 
the hands, extending for a short distance up the forearms. It quickly 
extends, and is best seen on the back, chest, upper arms (Plate VII), 
and thighs. Here it appears at first as isolated, slightly elevated, circular 
reddish-brown, rubeoloid spots, | to Jin. in diameter, thickly scattered over 
the surface, each being isolated and surrounded by sound sldn. There 
may be a general coalescence, isolating here and there patches of sound 
skin; in this case these give rise, at first sight, to the impression that they 
constitute the rash — a pale eruption, as it were, on a scarlet ground, giving 
an appearance “ midway between scarlet fever and measles.” The spots 
disappear on pressure, and never, or rarely, become petechial. Usually 
the face escapes. They fade in the order in which they appear — first on 
the wrist and hands ; then on the thighs and body ; lastly, on the legs and 
feet, but they may still be visible three weeks after recovery from fever. 
Desquamation may persist for two or three weeks. In many it is trifling; 
for the most part it is furfuraceous. 

At this stage the characteristic slowing of the pulse, which may fall as 
low as 44 per minute, and leucopenia, w^hich may reach 1,200 leucocytes, 
are noted ; the latter is mostly due to a marked decrease of the polymor- 
phonuclear cells, which may be reduced to 40 per cent, (with Schilling 
shift to the left), and to a relative increase of the lymphocytes (up to 
53 per cent.). 

Eheumatoid pains persist for some time after convalescence has been 
established. They are usually worse on getting out of bed and on moving 
the affected part after it has been at rest for some time, and are somewhat 
relieved by rest and warmth. In some cases a periarthritis of the knee- 
or ankle-joint supervenes and may cause considerable disablement, which 
does not clear up for months or years. Dengue pains persist in the small 
muscles of the hands and soles of the feet, probably located to the deep 
fascia. They eventually wear off. Complications are few. Albuminuria, 
parotitis, orchitis, herpes labialis and epistaxis have been recorded. 

Convalescence may be much delayed by anorexia, general debihty, 
mental depression, sleeplessness, evanescent feverish attacks, boils and 
urticarial, lichenoid and papular eruptions. 

In Europeans an attack of dengue very often leads to a condition of 
debility, necessitating temporary change of climate, or even return to 
Europe. 

Varialility of epidemio type . — Judging from the published descriptions, 
there is considerable variety in the symptoms of this disease in different 
places and in different epidemics. Some authors mention swelling and 
redness of one or more joints as a common and prominent symptom ; 
others refer to metastases of the pains, enlargement of snhmaxillary glands, 
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general adenitis, mental depression, hsemorrhages, and so forth. Ho'W'ever 
this may be, the essential symptoms in -well-marked cases are the same 
practically everywhere and in all epidemics, viz., suddenness of the rise 
of temperature, an initial stage of skin congestion, limb and joint pains, 
and a terminal rubeoloid eruption. In a sudden outbreak in New Caledonia 
Mayra c recognized the following types : 

(1) a simple febrile type with an urticarial rash ; 

(2) nervous type with intense headache ; 

(3) gastro-intestinal type ; 

(4) a type in which joint pains were the main feature. 

These observations have been more or less confirmed by American 
medical officers in the South Pacific in 1943, 1944 (Diasio, Richardson, 
Kisner and Livansky). 

As there are varieties or strains of every virus known it is highly probable 
there are different antigenic strains of dengue virus. This, as in the case 
of influenza, would account for the frequency with w’hieh persons w’ho 
have had dengue more than once in one area go down immediately on 
going to live in another dengue area. 

In the Athens epidemic, some of the following clinical manifestations 
were noted : gastro-intestinal disturbance, vomiting, epigastric pain, 
hiccup, haemorrhage into skin and mucosa, and complications such as 
parotitis, otitis, furunculosis and broncho-pneumonia. In some acute 
cases with early and severe gastro-intestinal phenomena, bleeding from the 
gums and haematemesis were seen. Encephalitic symptoms have also 
been described. The spleen and liver are not enlarged. 

In the American forces in the South Pacific dengue orchitis ” was 
recognized as a complication and sometimes atrophy ensued (Veyrauch 
and Guss) . 

Belajpses are not uncommon in dengue, and second and even third attacks 
have been recorded. As a rule, however, susceptibility is exhausted by 
one attack. 

Immunity. — Schule pointed out that certain of Ms volimteer American 
soldiers proved remarkably resistant to experimental inoculation with the 
dengue virus, and these were individuals who had been resident for some 
time in an epidemic area of the disease. Probably, immunity is due to 
previous mild attacks. The immunity in dengue does not last more than 
six months ; it thus differs from that of yellow fever, which is life-long. 

Mortality. — In uncomplicated dengue the mortality may be said to be 
almost nil (OT per cent., Hare). During the 1928 epidemic in Greece 
Cardamitis gave the mortality-rate as 1 in 61,000. 

Diagnosis. — Dengue must not be confounded with yellow fever. Rift 
Talley fever, rubeola, scarlatina, measles, Colorado tick fever, Bullis fever, 
syphilitic roseola, influenza, eerehro-spinal meningitis, typhus, haemor- 
rhagic smallpox, enteric, phlebotomus fever, seven-day fever (leptospirosis), 
rheumatic or malarial fever. A knowledge of the distinctive features of 
these diseases, and the fact that dengue is attended with a rash and with 
articular pains, and that it occurs in great and rapidly spreading epidemics, 
should prevent any serious error. A complement-fixation test has been 
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devised (Sabin and Young). The antigen is extracted with benzene from 
the brains of 3-14 day old mice inoculated intracerebrally with a dengue 
virus exalted in virulence by repeated passages through baby mice. 

Using this antigen, complement-fixation titres of 1 : 64 to 1 : 256 were 
obtained in human volunteers within 2-6 weeks of inoculation, and also in 
rhesus monkeys and chimpanzees injected with homologous strains of 
the virus. Within six months reaction became negative. 

Treatment.—Were it possible to secure perfect isolation and immunity 
from mosquito-bite for the individual during an epidemic of dengue, doubt- 
less he would escape the disease. Even comparative isolation is attended 
with diminished liability. There is no specific treatment. 

Like the allied fevers, dengue runs a definite course ; therefore it is 
useless to attempt to cut it short. The patient should go to bed as soon as 
he feels ill, and should keep to his room until the terminal eruption has quite 
disappeared and he feels well again. Ten days is not too long to allow in 
severe attacks. As in influenza, light liquid diet, rest, and the avoidance of 
chill conduce powerfully to a speedy and sound convalescence. At the out- 
set of the fever some saline diaphoretic mixture, with aconite, may be 
prescribed with advantage. If the pains be severe and the fever high, 
antipyrin, phenacetin, belladonna, or vinum colehici(16 min. t.d.s.) give 
great relief. Cold applications to the head are comforting. If the tempera- 
ture rises to 105° F, or over, cold sponging or the cold bath ought to be used. 
If the pains continue very distressing, a hypodermic injection of a minute 
dose (iVgr*) of morphia will afford W'elcome relief and do no harm. Purga- 
tives and emetics should be avoided, unless pronounced constipation, or a 
history of surfeit, urgently demands their exhibition. The pain caused by 
the muscular movements entailed by purgatives more than counterbalances 
any advantage. In the Athens outbreak , urotropine in full doses was given 
in the early stages and, if pains were severe, aspirin, amidopyrine and 
caffeine. For cerebral symptoms, which in some patients might be an 
important feature, bromides and strophanthus are indicated. Alcohol in 
the early stage is not advisable. Freshly-made lemonade, or iced water, 
will be acceptable during the fever. 

For the pains experienced during convalescence, rubbing with opium or 
belladonna liniment, gentle massage, electricity, salicylates, and small doses 
of iodide of potassium have been advocated. Debility or anorexia indicate 
tonics, such as quinine, strychnine, mineral acids or vegetable bitters and 
change of air. 

Prophylaxis is the same as for yellow fever and for other mosquito- 
borne diseases, and is directed against infected mosquitoes. 

Prophylactic inoculation, — St. John and Holt attempted to produce a 
dengue vaccine. Vaccine made from the liver and spleen of dengue- 
infected monkeys did not protect volunteers from an attack ; hut there 
was evidence that the disease became mitigated in the inoculated. 
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COLORADO TICK FEVER, BULLIS, EPIDEMIC 
HEMORRHAGIC AND IZUMI FEVERS 

In 1930 Eecker described a disease called Colorado tick fever wMch up to that 
time had been assumed to be a mild form of Rocky ^lountain spotted fever. 
The disease is associated with the bite of the wood tick, Dennacmtor andersoni^ 
but evidence that infection is transmitted by the tick is largely circumstantial. 
The virus will pass through a membrane of pore size 24 m //, and is thus one of the 
smaller viruses. The incubation period is four to sb: days and there is usually a 
sudden onset with chiQy sensations, generalized aching, headache, post -ocular 
pain and lumbar backache. A temperature of between 102" and 104® R. is 
usually attained within twenty-four hours and is associated with an increased 
pulse rate. This attack lasts two days and is followed by a symptom -free 
interval of the same duration with a subnormal temperature. The second attack 
lasts about as long as the first or a day longer and may be more or less severe 
than the first. Single or triple attacks have been report^, but are rare. Apart 
from a mild er 3 i;hema and shght conjunctival injection there are no physical 
signs and complications and death have not been recorded. There is a leucopenia 
involving all white cells except the nioaoeytes. Colorado tick fever is not unlik e 
Rocky Moimtain spotted fever and dengue, but those who are immune to Rocky 
Mountain fever and dengue can be inoculated with Colorado tick fever. BuHis 
fever and Colorado tick fever do not cross immunize in human experiments. 
The disease has been transmitted to golden hamsters which after tw'elve or 
more passages succumb to infection. The disease can be passaged intracerebrally 
in mice and in the developing chick embryo. A formolized chick embryo vaccine 
is being tested in man. Oliphant and Tibbs (1950) isolated the virus from 
the blood of ten patients and then inoculated Swiss mice 3-5 days old. The virus 
was present in the blood from the first to tenth day of illness. Some difficulty 
was experienced in adapting strains to older mice, but eventually success was 
obtained by intraperitoneal and intracerebral passage. The strains were verified 
by neutralization tests against immune sera of hamsters originally infected by the 
strain of the virus. 

It is probable that this disease is not confined to Colorado and it is possibly 
a tick-borne dengue. If so then its relationship to mosquito-bome dengue 
would be analogous to that between tick-borne and louse-bome typhus. 

RXJLLIS FEVER (LOICE STAR FEVERS) 

A new form of fever appeared in Texas in the spring and summer of 1942 in 
soldiers engaged in field exercises at Camp BuUis, near Houston, Texas. All 
patients had multiple tick bites by AMyomma americanum shortly before 
the onset. The fever lasted from 3 to 13 days in a series of 33 cases. The 
onset was abrupt, wdth post-orbital and occipital headache, and the fall of 
fever was by lysis. General adenopathy was common. In the more severe 
attacks, a maculo-papular rash appear^ on the trunk, in some resembling 
murine typhus, in others like (jreiman measles ; it never lasted more than 
48 hours. On the second or third day there was pronounced leucopenia, 
with associated neutropenia (Woodland, McDowell and Richards, 1943). Later, 
Anigstein and Bader ( 1943) isolated, from a collection of AmhlycmiTna americantimy 
a virus which was established in guinea-pigs. 

Febrile response in animals varied (Anigstein and Bader) producing one-day 
fever after 12 days, febrile spells of one or two days, continued high, irregular 

^A. americanum is popularly known as the “ Lone Star tick *’ from the bright spot on the scutellum of 
the female tick. 
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or protracted low fever. The spleen is always enlarged. This outbreak has 
more than local importance and serves as a warning that when bodies of troops 
are engaged in areas infested with ticks or mites, outbreaks of disease transmitted 
by these arthropods may be expected. It may even be that it is the same 
entity as Coloi'ado tick fever. 

EPIDEMIC HEMORRHAGIC FEVER 

Synonyms “ Red fever of Korea,” Songo fever, Kokka disease, Korin fever, 
Kidoko disease; names reminiscent of places where some of the earlier outbreaks 
have occurred. The fever resembles scrub typhus ” in its epidemiology, hut 
the clinical features differ considerably. It was known to the Russians in 
Manchuria in 1938 and to the Japanese in Korea towards the close of the Second 
World War and cases had been reported in Japanese medical literature. It 
is generally considered to be a virus disease transmitted to man by the mite— 
Lcelaps jettTtiari, Vitzthum. The host of this mite and probably also the 
reservoir of the virus is a field mouse — Apodemus agmrius. 

In clinical features it presents considerable differences from the typhus group. 
The disease is characterized by fever, myalgia, albuminuria and a petechial 
rash. In more severe cases haemoptysis, haematemesis, hsematuria, and melaena 
may occur. The onset is usually abrupt. Conjunctival haemorrhages are 
frequent, except in the first tliree days, but the pain and photophobia lead the 
patient to close the eyes or to shade them, whilst the slight oedema of the upper 
lids gives the patient a bleary-eyed appearance, resembling measles without 
lacrymation. Retro-orbital pain, backache, severe anorexia, nausea and emesis 
suggest the diagnosis. The intense erythematous blush of the face and neck 
are due to toxicity, whilst the conjunctival and pharyngeal injection are out 
of proportion to any pharyngeal symptoms. The pulse is rapid and blood- 
pressure may be imperceptible. Death is due to peripheral vascular collapse. 
The urinary findings closely resemble those of acute glomerular nephritis. The 
tubular injury results in varying degrees of oliguria which can be accounted for 
by anoxia. Albuminuria is associated with large numbers of oval bodies in the 
urine which represent mononuclear cells and renal tubular cells (Ganong). 
These changes are primarily due to capillary fragility. Albuminuria, 1-4 plus, 
appears from 28-72 hours from the onset and persists for one week. The specific 
gravity falls to 1005. Pathological changes consist of oedema, congestion and 
haemorrhages. These phenomena are most conspicuous in the anterior pituitary, 
kidneys and R atrium of the heart. The kidneys are so considerably involved 
as to be diagnostic. The cortex is sharply demarcated from the medulla, 
where haemorrhages and a peculiar type of necrosis are present. Fever usually 
lasts about seven days and in favourable cases there may be complete recovery 
within fourteen days of onset, but in others a low-grade fever, palpitations, 
insomnia and anorexia may persist for some weeks. The fatality rate in 
Japanese hands was about 13 per cent. The fever has a seasonal incidence and 
is most frequent in May, June, October and November. Over three hundred 
suspected cases have been reported amongst troops in Korea and the mortality 
has been less than 10 per cent. See Ann. Int. Med. (1953) 5<5.1 ; U.S. Navy 
Med. News (1952) 20.2 ; U.S. Armed Forces Med. J. (1952) ^.11. Hulling- 
horst, Steer, Homisher -Kessler. 

Treatment is symptomatic. Antibiotics and sulphonamides are ineffective. 
Transfusion of blood from convalescents appears to shorten the duration of the 
fever. Fluids of any kind, oral or intravenous, must be given in small amounts, 
because of increased capillary permeability. They increase the oedema. The 
maximum amount should be that of the urinary output, plus 500 ml. to cover 
insensible loss. 
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Epidemic hflemorrhagic fever has to be differentiated from relapsing fever, 
purpura, leptospirosis and tj’phus. In Russia T^'hat is known as alimentary 
toxic aleukia is due to eating diseased grain infected with the fungus, Fusarimi 
s^OToirichoides, Other haemorrhagic fevers are Crimean^ said to be transmitted 
by the tick, Eyalomma marginatum; Omsk haemorrhagic fever is carried by the 
tick Dermacenton pictus, but both of these fevers do not develop nephritic com- 
plications. Haemorrhagic fever in Rukovina is transmitted by Ixodes ricinus 
and is probably the same as the foregoing. Others from Uzbekistan and Turk- 
menistan resemble the epidemic haemorrhagic disease very closely. 

Prophylaxis —Should the Japanese account of the aetiology be correct this 
should be the same as that for mite or scrub ” tj-phus. 

IZm^H FE\ ER (Japan) 

Since Prof. Izumi first described a sudden outbreak of a scarlatina -like 
disease in the town of Kanagawa in 1927, over one hundred outbreaks have 
been reported. It is now recognized as constituting an independent disease 
in its clinical aspects, though the specific cause has not yet been ascertained. 

Now Nishioka and Morita (1952) have studied a sudden outbreak in a fishing 
village in the Sakishima district of the Shima peninsula, S. of Tokyo, in 1951, 
where epidemiological investigations revealed that it was due to drinking spring 
water. This fever occurs both sporadically and in epidemics- Secondar}% or 
case-to-case, infections are very uncommon. 

Clinically the fever is characterized by a rash, typical temperature chart 
and gastro-intestinal disturbances. There is a severe form showing biphasic 
fever and lasting up to three weeks, and a mild form which exhibits one peak of 
fever and a relatively short course. The incubation period is 5-13 days, whilst 
the onset is abrupt with a temperature of 103^ F. to 104° F- Joint pains, lumbar 
pains, nausea, vomiting and anorexia are common. 

The rash which is pathognomonic appears on the first and second days, often 
with itching, and is described as being intermediate between that of scarlet 
fever and measles. Slightly elevated miliary papules appear on the flushed 
skin ; later hecoming dark red and disappearing in 3-4 days. The trunk, 
face, neck and extremities are attacked. In mild cases recovery then ensues, 
but most, after an interval of 1-2 days, suffer &om a second attack with rise of 
temperature to 104° E. and a secondary rash which is confluent and of the 
macular type, with recurrence of gastro-intestinal symptoms. There then 
ensue periods of intensive sweating and in some the fever gradually remits and 
the temperature becomes normal after 4-5 weeks. Desquamation begins as a 
fine scaling of the body, usually on the tenth day, and is completed during the 
fourth or fifth week. Enlargement of the liver is noted in one-third and the 
urine usually contains urobilinogen. Twenty-one had sore throats and 23 per 
cent, showed ‘"strawberry tongue.” Circumoral pallor was not distinct. In 
treatment aureomycin gave the most satisfactory results. 

From the studies of Kumada, Sasa, IMiuxa and Nishioka evidence was 
obtained, from the epidemiological standpoint, that Japanese field mice — 
Apodemus speciosus — ^may constitute the reservoir of the hypothetical virus by 
polluting by urine and fjeces the water sources where outbreaks of the disease 
occurred. 
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PHLEBOTOMUS FEVER 

Synonyms. Papataci Fever; Three-day Fever; Sandfly Fever, “Dog 
Disease,” “ Himdfieber,” “ Russian Headache Fever,” Bessarabia Fever 
(Boehnhardt) . 

Definition. — A specific fever of short duration and no mortality caused 
by a virus introduced by the bite of a sandfly {Phleiotoniiis) . 

Geographical and seasonal distribution. — Coextensive with that of 
insect transmitter {Plilehotomus), Absent in Bermuda where no sandflies 
are found. In tropics occurs as epidemics amongst new arrivals; some- 
times 75 per cent, are attacked. Natives of endemic area appear to be 
immune. In subtropics it principally occurs during summer and autumn. 
Sandfly fever was common in wars of 1914-1918, 1939-1945 in Mediter- 
ranean — Malta, Gallipoli, iBgean islands. Widespread in Egypt, Sudan, 
Palestine, Syria, Iraq, Persia and India, 8 . China. Common in Africa with 
exception of W. and E. Africa; Red Sea provinces and Arabia, and Persian 
Gulf. In America, N. Argentine, N. Brazil, Panama and some West 
Indian islands. In Caucasus, Chitral and Himalayas it is found up to 
4,000 ft. 

Epidemiology. — In Palestine and Syria spring and autumn outbreaks 
are common. In Malta the peak period is in July, falling gradually to the 
second week in November. Two waves occur, each lasting 8-4 weeks. 
The first at commencement of the hot weather, the second in the autumn, 
being due to the second brood of sandflies. The eight weeks between the 
epidemic peaks is the approximate time required by P. jpapatasii to 
complete its life cycle. 

Etiology. — The virus resides in the patient’s blood during the first 
two days of the fever. It is ultramicroscopic, passing through filters which 
arrest Brucella melitensis. According to Doerr, the virus may be transmitted 
hereditarily through the egg and larva of phlehotomus to the imago, and 
this has been confirmed by Mochkovski and Diomina. The infection is 
transmitted by the bite of female sandflies of the second generation hatched 
from eggs laid 6-8 days after the infecting feed. Infection has been 
produced by the bites of newly-hatched sandflies. A short sharp fever has 
been produced in monkeys after intravenous injection of sandfly-fever 
blood. Little is yet known of the physical properties of the virus. 
According to Whittingham, it may survive the winter, either free in the 
soil, or within the bodies of phlehotomus larvae, which inhabit such sites as 
moist soil and porous walls. If this is correct, then it is the only instance 
in which an animal virus has been transmitted hereditarily by an insect 
vector, but may be an important epidemiological consideration and explain 
the suddenness and extent of outbreaks of sandfly fever in India and 
North Africa in the spring. 

Shortt, Poole and Stephens showed that, as with dengue, the sandfly- 
fever virus can pass through L 3 and L 5 Chamberland filters, and that it 
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is present in the highest concentration in the blood during the first and 
second day of the disease. They proved that it can survive outside the 
body for sixty hours. Shortt, Pandit, Inderson and Eao cultured the 
virus on the chorio-allantoic membrane of the chick embryo ; by sub- 
sequent inoculation it could be demonstrated in monkeys for an average 
of 11 days, and subsequently immune bodies up to 69 days. According 
to Eussian vrorkers the virus causes a prohferative necrosis of the chorio- 
allantois. It can be inactivated by treatment wdth commercial formalin, 

1 in lOOO, and it can be dried and preserved in a vacuum desiccator for 
eight months. 

In cases of fever and in convalescents the presence of the virus in the 
blood can be demonstrated by egg-culture up to three or four weeks 
from the onset of fever. 

Representatives of the genus PHebofomus are to be found in most tropical 
and subtropical countries. The various species are usually designated “ sand- 
flies.’ ’ They are exceedingly minute, very delicate, greyish, or brownish, somewhat 
slenderly -built insects that bite principally during the night and that can pass 
easily through the meshes of an ordinary mosquito-net. The powers of flight 
are feeble ; more usually the insects progress by a series of short skips. 

It must be emphasized that not all species of phlebotomus transmit the 
disease, only, as far as is known, P. papatasii. There are many species of 
sandfly in AMca, in places where there is no sandfly fever. 

P. papatasii, the species on which Toerr’s observations were made (hence one 
of the names for the disease, papataci fever), lays about forty eggs, selecting for 
the purpose damp localities such as the walls of cellars, of latrines, cesspools, 
crevices in walls, caves, and embankments. The cycle of egg, larva and imago 
takes about one month in warm and upwards of two months in cooler weather 
{see pp. 1016, 1018). It has not been determined which of the many species of 
phlebotomus, other than P. papatasii, conveys this fever. The insect can 
transmit the infection after an incubation period of six days. 

Pathology- — Dengue and phlebotomus fever have several important points 
in common, a circumstance suggesting the possibility of a common or, at all 
events, a similar origin. Each is transmitted by an insect ; the viruses occur 
in the blood -stream and are filterable ; they are diseases of warm climates only ; 
and clinically, they are characterized by a short incubation period and a brief and 
rapidly developed fever which is usually associated with relatively slow pulse 
and leueopenia, and relative decrease of the polymorphonuclears. There is no 
evidence that these diseases are mutually protective. The post-mortem appear- 
ances of sandfly fever are unknown. 

Symptoms. — The bites of the infected sandfly occasion a considerable 
amount of irritation, resulting in hyperaemia and even in cedema. After 
an incubation period of from four to seven days, with or without a prodromal 
stage, the fever is ushered in suddenly by slight or more severe rigor with 
a temperature of 102° F. which may reach 105° F. In 10 per cent, there 
is a short secondary rise. The face becomes flushed and swollen, frontal 
headache is intense, and there is. usually severe general aching and stiffness 
in the back of the neck. Agonizing photophobia, accentuated by pressure 
on the globes or by the least movement of the head, is characteristic. 
Supraorbital headache is also quite common. There are influenzal pains 
in the back and legs and general stiftiess of the muscles. More rarely the 
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pain is referred to the epipjastrium. A sense of band-like constriction 
round the louver part of the thorax is sometimes so prominent as to resemble 
epidemic pleurodynia, or Bornholm disease. The patient is drowsy, but 
suffers from insomnia. The conjunctiva? are so injected that the eyes have 
been compared to those of a mastiff. The tongue has a central fur. The 
fauces and palate are often congested , and are studded with small vesicles ; 
it has been remarked that they are devoid of any surrounding mucosal 
inflammation. The vesicles are not strictly peculiar to sandfly fever as 
they have also been noted in infective hepatitis. In from twenty-four to 



Chart 21. — Phlebofomus fever showing prodromal period, typical 
attack, recrudescence and bradycardia. {Lambert, Jl. Roij. Nav. 

Med. Ser.) 

thirty-six hours the temperature has reached 103-104° F. (Chart 21). 
It keeps about this point for a day longer, and then begins to fall, with 
or without epistaxis, vomiting, sweating and diarrhoea, reaching the 
normal about the end of the tliird or beginning of the fourth day. The 
patient continues debilitated, especially mentally, for a week or two longer. 
According to Lambert, the name “ three-day fever,” applied to the disease, 
is misleading, since the pyrexial period may occasionally vary from two 
to eight days. In some cases there are several days of apyrexia followed 
by a secondary rise of temperature lasting a day or two. 

- The hlood-picture shows a slight leucopenia, without serious alteration 
in the proportion of mononuclears, especially from the second to fourth 
day, after which there is a leucocytosis of 15,000-20,000. The pulse-rate 
B relatively slow. Relative bradycardia is noticeable by the second day 
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of the disease, as soon as the patient complains of headache, and is possibly 
due to increased pressure of the cerebrO'Spinal fluid. An absolute brady- 
cardia is noted at the end of the fev^er. 

Le G-ac and Albrand first recorded that the ceiebro-spinal fluid is under 
increased pressure and that it contains from 10 to 110 lymphocytes per 
cu.mm. Albumin is alwaj^s increased and the chlorides slightly decreased. 
These findings have been amply confiamed. 

Shee (1942) described varying degrees of choking of the optic disc, 
ranging from blurring of the edges to papilloedema. This was seen in the 
early stages, hut in severe cases vras visible at the crisis. 

No serious complications occur, but in some years diarrhoea, in others 
pharyngitis, are features of the disease. Constipation, vomiting and 
stiffness of the muscles at the back of the neck are not uncommon. Second 
attacks are by no means rare, but are milder, and third and fourth attacks 
have been recorded. Shortt proved that immunity may sometimes 
persist for one year after an attack. On the vhole, children suffer less 
severely than adults. It is hardly necessary to state the importance of 
distinguishing sandfly fever from abortive "eases of acute poliomyehtis 
which may occur sporadically in sandfly fever districts. 

Pearson (1941) drew attention to the similarity of benign lymphocytic 
meningitis and sandfly fever. There seemed to be in Palestine some 
connection between the incidence curve of the two. The cardinal signs of 
sandfly fever — frontal headache, orbital pain, photophobia, pains in the 
back, fever and conjunctival congestion — are duplicated in benign 
lyrnphocytie menin^tis. The debility which ensues in some individuals is 
quite out of proportion to the intensity and duration of the initial attack. 
Acute synovitis as a complication has been observed in Iraq during the 
recent war. The mortality is nil. 

Attention has quite recently been drawn to a dermatitis, known as Harara ” 
(i.e. heat), which is common in Anatolia, Syria and Palestine during the sandfly 
season, and is a reaction due to their bites. It is also stated that infected sandfly 
bites are the most painful. 

Immunity is short-lived and second attacks occur in about 10 per cent., 
third attacks in 0*8 per cent. Certain individuals may suffer brom several 
attacks in the same epidemic. There appears to be a high degree of 
immunity in the inhabitants of endemic areas. 

Sandfly fever nets are of such small mesh that they are insufferably hot, 
and in Malta during the 1939-1945 war were replaced effectively by 
wide mesh nets impregnated with DDT. 

Diagnosis. — It is extremely difficult in the early stages to distinguish 
this fever on clinical grounds from malaria (especially subtertian), from 
paratyphoid, dengue, typhus and influenza. In typhus the greater 
hebetude, and in influenza the respiratory catarrh, must be taken into 
consideration. 

In Syria during the war years there was often some difficulty in 
distinguishing between the prodromal stage of infective hepatitis 
and sandfly fever. 
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Treatment.— The most valuable drug in the treatment of sandfly fever 
is opium ; 30 drops of the liquor opii sedativas may be given at the onset 
It greatly relieves the headache. Quinine is useless. Tincture of iodine 
should be applied to the bite. The headache has been relieved by lumbar 
puncture and removal of 5 ml. of fluid. Whenever possible, patients 
should be nursed under sandfly nets. ’ ^ ^ 

Prophylaxis.-As phlebotomus fever appears to be a disease of locality 
houses and places believed to be infected should be avoided and where 
possible, disinfected. ’ 

To diminish the local sandfly pest, all rubbish should be burned or other 
wise got rid of, ruinous walls demolished, cracks in walls filled in with tai 
or mortar, latrines smoked with sulphur fumes, put into sanitary 
condition, and dark damp places dried, whitewashed, and ventilated^ 
No gardens or cultivated ground should be permitted in the immediate 
vicinity of buildings. Creepers should not be allowed to grow on barrack 
walls. Benzene polychlorines, widely used in agriculture, are useful for 
destruction of sandfly larvae, and are applied in solution in the strength 
of 75 ml. to every square metre. The adult flies can be killed in numbers 
by “ swatting.” By these and similar measures much can be done to 
control_ the infection. Unfortunately, a net having a mesh sufficiently 
small (i.e., 46 holes to the inch) to keep out sandflies is intolerable to a 
white man in a hot climate. As the phlebotomus does not fly higher 
than 10 ft,, removal to an upper story is a very effectual preventive 
measure. Eit and BDT are the best Bpra,ys for destroying adult sand- 
flies. Special staffs are necessary for the daily destruction of these insects 
in dwellings (see p_. 864). Dimethyl phthalate is the best repellent. 

To reduce the incidence of sandfly-bites general measures should be 
instituted. Shorts should not be worn after sundown, wrists and ankles 
should be smeared either with thymol ointment, or with “ vermijelh ” or 
oil of citronella. Wellington boots afford a good protection to legs and 
ankles after dusk. During the recent war in the Middle East, it has 
been found that blackout conditions increase the liability to sandfly-bites 

because men prefer to sit outside, rather than in tents or huts. 

Air-cuments have a marked effect on sandflies, and Whittingham 
showed that the most effective way of ridding quarters of these pests is 
to create a strong current hy electric fans. ^ 

Shortt and his colleagues used the cultural virus as a vaccine In 
inoculated volunteers immune bodies in the serum were suhsequentlv 
demonstrated. ^ ^ 
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At the present time classical smallpox is largely restricted to tropical and 
subtropical countries, 'W'here the preventive measures responsible for the 
decline of this disease in temperate climates are more difficult to enforce. 
In India and Pakistan, for example, the number of cases of variola reported 
during the year 1938 was 82,640, with a mortality of 27 per cent. During 
the same period there were severe outbreaks in China (Hong Kong and 
Shanghai) and in Nigeria ; and a mild form of the disease with no fatalities 
was prevalent in the southern states of the United States. 

During the last few years much has been learnt about the nature and 
properties of the causal agents of the pock diseases. The greater part of 
this work has been carried out with vaccinia, and it is therefore necessary 
to define at the outset the relationship between this virus and variola. 
That smallpox and all the animal pock diseases are closely related is certain. 
There are two possibilities ; (1) a primitive mammalian pox has given 
rise to variola and alastrim in man, cow, horse, camel, sheep, goat and rabbit 
pox and also the disease of mice known as ectromelia, or (2) human pox 
has infected man’s domestic animals or those animals closely associated 
with man giving rise to specific varieties of pox. Human pox and that 
of the horse, sheep, goat and possibly camel can be adapted to the calf 
giving rise to vaccinial variants. All the vaccinial strains now used for 
immunization are derived from variola, either through the calf or sheep 
or by inoculation into monkeys and thence on to rabbits. Vaccinia 
derived from variola is more virulent for the rabbit and calf than for 
man, while variola is more virulent for man than for the rabbit or calf. 
There is no close relationship between vaccinia and true cow-pox, which 
latter disease can be transmitted to persons immune to vaccinia. The 
transition from variola to vaccinia is, fortunately, not reversible, so that 
once a strain of virus has been adapted to the calf or sheep it can be 
inoculated into man, producing in him a mild illness which renders him 
subsequently immune to the virulent parent form — smallpox. On rare 
occasions vaccination gives rise to a generalized papular or vesicular 
eruption with severe constitutional symptoms whicsh may terminate fatally. 
This condition is believed to be due to an abnormal susceptibihty to 
vaccinia, and not to an increase in virulence of the virus. 

Nature and properties of the causal agent. — The infective agent 
of vaccinia is a round body, measuring about 170 to 250 nifx in diameter, 
to which the noncomnoittal term “ elementary body ” is applied pending 
the settlement by further research of the much-disputed question whether 
viruses should be regarded as noicro-oiganisms or macro-molecules. These 
bodies were first seen and described in 1887 by Dr. John Buist of Edinburgh, 
who found them in the vesicle fluid of smallpox and vaccinia. In 1906 they 
were rediscovered by Paschen and are frequently referred to as “ Paschen 
bodies.” It is only during the last few years, however, that the bodies have 
been proved to be the causal agents. Methods have now been evolved of 
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preparing pure suspensions of the elementary bodies from the skin lesions 
produced in rabbits and sheep by specially-selected strains of vaccinia 
virus. These pure suspensions have been employed in recent studies of the 
physical, chemical and biological properties of the virus, and they are also 
being used experimentally in place of crude lymph for prophylactic im- 
munization against smalipox. Chemical analysis has shown that the 
elementary body is composed mainly of niicleo-protein together with a 
carbohydrate and a lipoid fraction. Highly-purified suspensions of the 
elementary bodies contain phosphatase and catalase, and these enzymes 
are b^ieved to be inherent in the virus ; no dehydrogenase activity has 
been demonstrated. Copper and riboflavin are also present. Sedimenta- 
tion photographs of elementary body suspensions, obtained with the 
Svedberg centrifuge, show fairly well-defined boundaries, indicating that 
the variation in size of the particles is very small. The bodies have an 
unusually high charge and electrophoretic mobility ; they are also excep- 
tionally sensitive to flocculation by salts. Although their size is below 
the limit of optical resolution for visible light, they can readily be seen 
with the dark-ground microscope. 

When inoculated by inunction into the skin, the elementary bodies 
penetrate the cytoplasm of the ejudermal cells and there proceed to increase 
in number, thus producing, perhaps with the addition of material derived 
from the infected cell, the so-called acidophil inclusion body which was 
described long ago by Guarnieri. The virus within the cells causes them 
to increase in size and also to proliferate freely. This increase in thickness of 
the epidermis, together with oedema and hyperaemia of the subjacent 
dermis, is responsible for the papule. Later, the cells forming the centre of 
the papule degenerate and liquefy, thus producing the characteristic 
vesicle, in the fluid contents of which the elementary bodies are found in 
enormous numbers. The vesicle is rapidly converted into a pustule by the 
immigration of inflammatory cells, mainly polymorphonnclears, derived 
from the dermis. The fluid provides an excellent culture medium for 
staphylococci and other organisms, and the leucocytic response is largely 
due to this secondary infection. In non-fatal eases the crusts or scabs, 
which separate after the pustule has dried, contain active virus. The high 
infeetivity of smallpox, however, is probably not due to dissemination of 
the crusts, hut to lesions present in the mouth, throat and lungs. The 
expired air of patients suffering from variola has been shown experimentally 
to contain elementary bodies. The air in the vicinity of the patient thus 
becomes charged with microscopic droplets of water which he has exhaled. 
These droplets evaporate, leaving the elementary bodies suspended in the 
air where, being so minute, they may remain for long periods . A susceptible 
person breathing such contaminated air becomes readily infected. Contact 
with fomites isc undoubtedly responsible for some infections, but the 
epidemiological characters of the disease can only be fully explained by the 
assumption that the virus is air-bome. 

Yaccinia and variola, in common with other viruses, cannot be cultivated 
in the absence of living susceptible cells. The virus can he grown readily in 
tissue cultures of rabbit testis or corneal epithelium, and proliferation also 
takes place in a fluid medium consisting of rabbit serum and Tyrode’s 
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solution to which small amounts of minced rahbit Mdney or testis have 
been added. Vaccinia also grows without difficulty when implanted on the 
chorio-allantoic membrane or yolk sac of the developing chick embryo. 
Both these methods have been used successfully to procure a supply of 
bacteria-free virus material for prophylactic immunization. This culture 
virus may be inoculated by scarification in the usual way, or it may be 
injected intracutaneously. The latter method has the advantage of 
leaving no scar, but since a vaccination scar is the one infallible sign that 
a person has been immunized against smallpox, it would increase the 
difficulties of controlling an epidemic, especially among coloured races. 
There is evidence that strains which have been grown in vitro, or on the 
egg membrane for a long time, become attenuated so that they may fail 
to induce a good immunity when inoculated into man. Generalized 
vaccinia has been known to occur as the result of vaccination with virus 
grown on the chick embryo, and in addition the danger of sensitivity to 
egg proteins must be remembered. Whereas all strains of vaccinia virus 
tested appear to be antigenically similar, there is still some doubt as to 
the exact antigenic relationship of vaccinia and virulent strains of smallpox. 
The vaccinia virus is antigenically complex and contains three, possibly 
four, distinct antigens. 

Laboratory diagnosis. — Elementary bodies can readily be demon- 
strated in the vesicle fluid by the dark-ground microscope. ^The technique 
is the same as that for the detection of spirochaetes. Permanent prepara- 
tions are best prepared by using Gutstein’s method : 

Solutwns needed. — (a) 1 per cent, methyl violet in distilled water. 

(b) 2 per cent. NaHCOg. 

Technique. — A. drop of the vesicle fluid is spread on a perfectly clean 
microscopic slide as for a blood film. Jilms are dried in the air, or in an 
incubator, and rinsed in physiological saline and then with distilled water. 
VTien dried, the film is fixed in methyl alcohol (or ethyl alcohol) for half an 
hour or more and the slide put in a dry Petri dish. Equal parts of solutions (a) 
and (&) are mixed in a test tube, filtered at once on to a slide, covered with 
a lid and incubated at 37° C. for twenty to thirty minutes. Rinsed in 
distilled water, they are dried and mounted in cedarwood oil or liquid 
paraffin. The elementary bodies are stained distinctly and intensely a light 
violet colour. 

Finding elementary bodies in the vesicle fluid is of no value in differentiat- 
ing smallpox from varicella, since the infective agent of the latter disease 
also takes the form of elementary bodies, and the two viruses are indistin- 
guishable under the microscope. 

The best methods for the diagnosis of smallpox are : (1) complement 
fixation, using a suspension of the crusts as antigen, and (2) implantation 
of smallpox virus on the chorio-allantoic membrane of the developing 
chick embryo. The first test takes 24 hours, the second three days. 
Downie’s flocculation test is also widely employed. 

1 Van Rooyen and Illingworth {1944), however, coafinned Paschen’s observation that the elementary 
bodies of variola are lajiger than those of varicella, and are easily demonstrated in the papular and 
vesicular stages. They have utilized this to form the basis of a laboratory test for stnaUpox. 
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The serum of a patient who is recovering from an attack of smallpox 
contains agglutinins which react specifically with variola elementary bodies. 
These antibodies are not present in detectable amounts until the second 
week of the disease, and the reaction is therefore of little diagnostic value. 

Serological methods have so far failed to discover any antigenic difference 
between variola major and variola minor. It is thus evident that the 
diagnosis of smallpox must be made mainly by clinical methods, but that 
laboratory tests may be of use in doubtful cases. 

The Technique of Taccination 

In performing vaccinations in the tropics it is important to remember 
that exposure of the recently vaccinated arm to the rays of the sun rapidly 
inactivates the virus. Persons who have been vaccinated should be kept 
in the shade for at least half an hour and should be watched to see that 
they do not remove the vaccinia by licking or sucking the scarified area. 
A lesion closely resembling a vaccination is made by rubbing in the juice 
of the cachou nut into a lightly scarified area. 

In recording the results of vaccination a redness coming on in from 
24 to 48 hours after vaccination with itching must not be taken as a 
reaction of immunity. It may be caused by killed vaccine or by sensitivity 
to proteins in the vaccine. The only positive reaction is a distinct raised 
papule coming on in three or four days after vaccination and, if possible, 
going on to a pustule. If an allergic reaction alone is produced, vaccina- 
tion should be repeated in a fortnight’s time, preferably with a different 
batch of Yacoine. Vaccine virus should be kept in the cold. Vaccinial 
encephalomyelitis is rare in the tropics, but cases have been recorded. 

The Tbeatment of Variola 

The mortality from smallpox, excluding the severe toxic and hsemorr- 
hagic forms of the disease, is largely due to secondary pyogenic infection of 
the respiratory tract. Energetic measures to combat this secondary in- 
fection should be commenced at an early stage. The sulphonamides are 
highly-effective chemotherapeutic agents against streptococcal infections, 
and this form of treatment has proved of great value in smallpox. Although 
sulphonamides have no action on the vaccinia virus they undoubtedly 
serve to control secondary bacterial infection. Sulphadiazine is the best : 
it should be given in full doses and the patient must drink large amounts 
of fluid. Sulphonamides used solely as a dusting powder are quite useless. 
Penicillin injections may be given to control secondary infections : they 
are free from the disadvantages attending sulphonamide treatment. It 
has recently been found that while pure penicillin has no effect on the 
pox viruses, impure penicillin after being boiled does have a direct 
action on the virus. Drug treatment should possibly be combined with 
the injection of large doses of concentrated multivalent antistreptococcal 
serum. 


ALASTEIM 

Synonyms . — Amaas ; Kaffir milkpox ; West Indian modified smallpox ; 
parasmallpox ; variola minor. 
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Definition, — This disease has been noted hj many writers in the West 
Indies and South Africa. 

The name is derived from the Spanish alaster, meaning to scatter or strew 
over (referring to the distribution of the rash). It is a disease of httle or no 
mortality, and resembles smallpox in its mitigated form. Indeed, the 
individual case of this disease is clinically identical with a mild case of 
smallpox ; they can only be distinguished one from the other in the mass. 

Geographical distribution. — The disease has been recorded from the 
West Indies, South and Central America (especially Brazil), Africa, the 
Mediterranean area, and during the last 30 years from time to time in 
Great Britain. The most noteworthy epidemic was in Trinidad in 1902. 

Epidemiology. — A striking difierence between classical smallpox and 
alastrim is seen in the rate of progress through an unvaccinated community. 
Smallpox becomes rapidly epidemic, whereas alastrim can only be said to 
“ smoulder,” alternately waxing and waning, hut never attaining really 
epidemic proportions. This, no doubt, depends upon the infectivity of the 
two viruses. There appears to be no seasonal incidence. 

The spread of alastrim is brought about by intimate contact and over- 
crowding. 

.Etiology. — Alastrim is very infectious to man, and attacks both 
sexes: no racial immunity has been observed. Guarnieri bodies have 
been described from the lesions (see p. 392). The virus is infective under 
experimental conditions for monkeys and calves, and produces lesions 
when inoculated into the cornea of rabbits. The crusts ofi the pocks are 
beUeved to convey the virus of the disease. The infectious agent probably 
resides in the nasal and buccal secretions at an early stage. Vaccination 
protects against alastrim in a very high degree. This, and the fact that 
two attacks may occur in the same individual, are common both to alastrim 
and to smallpox. 

Pathology. — The lesions are present on the buccal mucous membrane 
as well as on the skin, and may extend from the palate down the trachea 
into the bronchi. The actual pocks appear to involve the skin tissues to a 
degree intermediate between those of chickenpox and smallpox ; they 
rarely leave any scarring. 

Symptoms. — The inculcdion period averages about fourteen days ; 
prodromal symptoms may or may not be present. When observed, they 
are those of an induenza headache, with generalized aches and pains. 
Severe headache, vomiting, and rigors, typical of the onset of smallpox, are 
rarely noted. The eruption commences usually on the third or fourth day, 
but in some cases there is a complete intermission of all symptoms, during 
which the patient may return to his duties under the impression that he has 
recovered from an attack of influenza ; after the lapse of the quiescent 
period the eruption appears first on the face and palate, then on the hands 
and arms, and later on the lower extremities. Thus, in these cases there is a 
prodromal period of seven or eight days. 

Individual lesions , — The papules can be palpated under the skin, even 
before they are visible. As a rule, the eruption appears in one crop, and 
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closely resembles that of smallpox in every respect, any differences being 
due to the more superficial situation of the pathological process in the skin. 
The pock may be mnbilicated, but collapses more completely on being 
punctured than does the smallpox vesicle, that is to say, it is less definitely 
multilocuiar. Drying or crusting begins at about the end of the first week, 
and crusts have usually fallen by the end of the second or third, at which 
period the patient is considered to be free from infection. 

The rash naturally differs somewhat in appearance on a dark skin ; the 
individual pustules, when ripe and full of pus, show as light creamy- 
coloured areas, in contrast to the dark purple of the surrounding inflamma- 
tory zone, and appear like pearls upon a dark background. 

Distribution of the eruption . — This is identical with the distribution of 
the smallpox eruption, which is centrifugal, and it serves to distinguish 
alastrim from chickenpox, the rash of which has a centripetal distribution. 
As in smallpox, the most protected parts of the skin are most free from 
eruptions, i.e. axillae, groins, and abdomen. The parts most affected are 
the face, scalp, shoulder, back, arms and legs. Any part which has been 
previously specially exposed to irritation is more profusely affected ; thus, 
pocks are apt to cluster at the site of old burns or sears. 

Confluent rashes may occur but, though the appearance of the patient 
is somewhat alarming, his general health appears to be but little disturbed. 
These cases may be associated with a considerable fever. 

It has been noted by most writers on this subject that the fetor accom- 
panying the rash of true smallpox is not present in alastrim. 

Prodromal rashes are absent. 

The mortality-rate is minimal ; in the series recorded it is about 0*45 per 
cent. (Eibas and Moody). 

Chickenpox may sometimes be severe in the tropics, owing to secondary 
bacterial infection. It should then be treated with penicillin or sul- 
phon amides. It is far more commonly an adult than a childhood disease 
in tropical Africa. 

Treatment is symptomatic only ; patients should be isolated in a small- 
pox hospital or elsewhere. 

Prophylaxis. — Vaccination ofiers the most efficient method of protec- 
tion against this disease, as in smallpox. In spite of the mildness of alastrim, 
it is considered desirable at present to treat it as a form of smallpox, and 
not only to isolate patients but to vaccinate contacts. 



DIFFERENTIAL DIAGNOSIS 


397 


TABLE Y 

BiFi’EREimAL Table 


Smallpox 

(1) Bash most abundant on face 

and back, scanty on abdomen 
and chest. 

(2) More abundant on shoulders 

than on loins. 

(3) The rash found on hmbs, 

generally on arms and is 
centrifugal. 

(4) Fayours prominences and 

surfaces exposed to irritation. 

(5) Lesions deep-seated yfth in- 

filtrated base, circular in 
outline, homogeneous in 
character, multilocular and 
indented. 

(6) Spots all appear together and are 

therefore at the same stage. 


CJiickenpox 

(1) Abdomen and chest covered as 

thickly as face. Abdomen 
and back covered. 

(2) Distribution mdifferent. 

(3) Rash tends to avoid limbs : 

centripetal. 

(4) Behaves indifferently. 

(5) Lesions superficial and base not 

infiltrated. Lesions frequently 
have an irregular outline, 
are not homogeneous, and 
generally unilocular. Never 
indented. 

(6) Crops of spots appear so that 

lesions are at different stages. 



Subsection F.- FEVERS DUE TO ATMOSPHERIC CAUSES 


CHAPTER XXV 

HEAT-HYPERPYREXIA, HEAT-EXHAUSTION AND SUN-STROKE 

Prelimimry— In hard imiscular work the heat production is great and, 
even when well trained, a man does not turn more than one-third of the 
energy generated into work, two-thirds being converted into heat. An 
ill-trained man, on the other hand, has an efficiency no higher than a 
steam-engine, and converts 10-15 per cent, of food energy into mechanical 
work and wastes the remainder in the form of heat. Sweat cools the 
body hy evaporation ; the latent heat of evaporation is the chief factor 
concerned. 

Marsh (1930) found in experiments on man that complete saturation with 
water vapour, if the surrounding air is at a temperature of 99° F., causes an 
immediate and uncontrollable rise of body- temperature. Pembry (1926) 
recorded the case of a man born without sweat-glands but otherwise healthy ; 
owing to abnormal rise in his temperature he was unable to do muscular work in 
summer in England, unless his shirt had previously been soaked in water. People 
with ichthyosis are well-known to be intolerant of tropical temperatures, and a 
normal man treated with atropine in therapeutic doses is easily reduced to the 
same condition as one born without sweat-glands. Fatigue of the sweat-glands 
(Haldane) may be due to the low concentration of salt in the blood. A normal 
man of 60 kilos holds in his body no less than 40 kilos of water, of which about 
four are in the blood, and if water is slowly abstracted, it is replaced almost at 
once from the tissues. Men living in the Persian Gulf Littoral are exposed to a 
high atmospheric temperature varying between 125° F. and a minimum of 85° F. 
Hence, the European has to sweat continuously to keep his skin temperature at 
such a level that the circulating blood can be sufficiently cooled. Under these 
conditions diuresis is so reduced that urine is passed perhaps only once a day. 

The agent responsible for the phenomena of heat-stroke and heat-exhaustion is, 
of course, heat. Haldane originally demonstrated the importance of moist heat, 
that the wet-bulb thermometer was the most reliable guide, and that the limits of 
man’s power of accommodation were passed when the temperature of still air 
(as shown by the wet-hulh) exceeded 90° F. 

Moist heat is therefore the most important factor, while the air temperature, 
wind velocity, and relative humidity are all of importance. In calm air the 
normal human body can support an air-temperature of 100° F., if the relative 
humidity is less than 90 per cent.; 120° F. if less than 40 per cent.; and 140° F. 
if less than 15 per cent, Rogers found that the mortality of patients with a tem- 
perature of 107° F. was 8 ’3 per cent.; with a temperature of 107° to 109° F. it 
was 29-2 per cent., and with a temperature of over 109° it was 69-2 per cent. 

It is a matter of common observation that illness due to exposure to 
heat, in the absence of sunlight, is common amongst workers in deep 
mines, and stokers in the stokehold of steamships. On the other hand, the 
blue-violet rays in sunshine have a noxious effect on patients suffering 
from pellagra or smallpox, and cause photophthalmia and some blindness. 
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A certain amount can be learned from the effects of high environmental 
temperatures upon animals occupying different levels in the biological 
scale. Thus, frogs suffer from “ heat-stroke ” when the temperature of the 
water rises to 104° P, ; it has been found that the lactic acid concentration 
in the blood and muscles of this amphibian rises to such a height that it 
becomes completely paralysed. Guinea-pigs begin to succumb to heat- 
stroke when the shade temperature rises to 110° E., rabbits when it reaches 
116° F., and man at 130° P. In such circumstances the body is exposed to 
heat of such intensity that the natural powers of cooling are overwhelmed, 
the body temperature rises, increasing the respiratory and nitrogenous 
exchange, causing not only retention of heat but also overproduction. 

Martin showed that the tropical sun can produce local beating of the skull 
to a depth of one to two centimetres of the skull surface, hair and tissues. 

Acclimatization to hot conditions consists largely in training the sweat 
glands to function efficiently. Equally important is the redistribution of 
blood by the training of the circulatory system, whilst increase in plasma 
volume has also been shown to occur. The loss of solids in sweat causes 
cramps and loss of salts (Brunt). 

An exceptionally exhaustive review of man’s protection against the rays 
of the sun has been given hy Critchly (1947). It is apparent that modem 
conceptions of the ill-effects of insolation have caused changes in former 
beliefs. The bogey of sun-stroke has been laid. According to the review 
of the physiological effects of sunlight hy Blum (1945), a white skin reflects 
45 per cent, of sunlight as compared with 16 per cent, by a black skin. 
This means that, though the negro’s integument is less sensitive to solar 
radiation, absorption of heat is greater. Wartime experience has brought 
several changes into prominence. The over-clotking of the last century 
has now given way to a cult of nakedness and the vaunted health-giving 
effects of sun-tanned nudity are difficult to demonstrate, except that it 
definitely reduces the incidence of prickly heat, secondary skin infections 
and fungus disorders. The wearing of tinted glasses, especially of the 
Polaroid variety, does protect the retina against tropical glare, whilst the 
artificial protection of the unshaded skin against the sun’s rays shows that 
oils, fatty and greasy media do more harm than good for there is a tendency 
for the skin to become “ fried,” On the other hand preparations con- 
taining tannin are of greater service as a certain degree of keratinization 
is produced and benefit follows the use of pigmented washes containing 
flavine and permanganate of potash. 

EeaPexhaitstion may occur in any climate, high atmospheric temperature 
being the essential factor. Heat-hyperpyrexia has a peculiar endemicity. 

It has been customary in previous editions of this book to classify the 
effects of heat into Heat-exhausHon and Heat-hyperpyrexia, but this 
attitude now has been modified to some extent by recent work. 

Heat-exhaustim, — Ladell, Waterlow and Hudson have obtained physio- 
logical and clinical data on soldiers serving in Iraq as well as on patients 
in hospital. All men lose weight in hot weather, and the greatest loss 
takes place in those with the highest chloride sweat concentration. The 
evidence was based on low urine output in spite of high water intake, low 
urinary chloride output (less than 2 grm.) and raised blood urea. No 
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change occurs in the heemoglobin or in the blood and plasma chlorides. 
Blood pressure falls as the weather grows hotter, but without evidence of 
cardiovascular inefficiency. Two types of heat-exhaustion are designated 
types I and II. 

Ty^e J.— Cases are met in the first half of the summer in a hot humid 
climate. Prodromata are observed from 2-4 days, giddiness, vomiting and 
cramps are common in legs, thighs, arms, abdomen, hands and feet. The 
patients are pale, collapsed into profuse sweat. Fall in blood pressure is 
constant so that syncope occurs on standing. The urine volume is low 
with high specific gravity. Chemically it represents a salt deficiency 
dehydration. Plasma and blood chlorides are diminished with hsemo- 
glohin and plasma protein raised, high blood urea, with extracellular fluid 
and plasma volume diminished. Prevention consists of increasing the 
salt intake (28 grm. daily). Fluid up to 16 pints a day should be drunk. 
Any man who is constantly losing weight and excreting concentrated 
urine with low or absent chloride should be regarded as a potential victim. 
In extreme cases intravenous injection of saline is followed by good results. 

Ty^e 11 (Thermogenic anhidrosis) is seen only in the second half of 
the summer in those who have come through the hottest weather without 
mishap. It is a fatigue phenomenon. Prodromata include cessation of 
sweat for 1-3 days. There is dizziness, dyspnoea and anorexia. 

Frequency of micturition often heralds the cessation of sweating. The 
skin is usually severely affected by prickly heat in the healing and dis- 
quamating stage. Voyiiiting, cramps and cardiovascular abnormalities are 
absent Chemically these men are salt-deficient, but not to such an extent 
as in type I and they are not dehydrated. During convalescence sweat is 
secreted with a high chloride concentration. 

The chnical picture here suggests a breakdown of the defence mechanism 
of the body against heat. The urine volume is larger and of low specific 
gravity. The salt concentration is normal, but urea is reduced. The 
incidence of this type can be reduced, if those who suffer from severe 
prickly heat can he given a break of a few days in a cool climate after 
two months’ continuous exposure to desert conditions. 

Heat cramps are a frequent accompaniment of heat exhaustion and are 
common in hot countries. These cramps come on abruptly and are 
brought about by exercise. There is always a reduction in the chloride 
content of the blood plasma as was found by the Medical Research team in 
the Second World War. Ladell himself was particularly susceptible. 
When they are produced by exercise in the heat, muscle action currents 
showed definite changes and were enough to confirm the subjective com- 
plaint of cramp. Although cramps followed usually contraction of 
muscle, they could be excited by faradic stimulation. Two main factors 
appear to be involved in the causation — ^intracellular overhydration and 
chloride loss either absolute or relative. On the other hand general 
overhydratiott does not necessarily produce cramps (Ladell, 1949). 

Mammillmia is a skin lesion associated with anhidrotic heat exhaustion. 
The affected skin is studded with pale firm elevations which are roughly 
circular and about 1 mm. in diameter. They bear no constant relation to 
hair follicles or the openings of sweat ducts. They are pale and appear to 
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contain less blood and less melanin than the surrounding skin. The 
affected skin feels rough like the studs of a nutmeg grater. Maynmillaria 
is uniformly distributed from below the level of the neck over the anterior, 
posterior, and lateral aspects of the trunk fbut not on the axilla), far down 
as the waist over the lateral aspects of the upper arms. After exposure to 
heat or physical exertion each lesion becomes more prominent both to 
the eye and to palpation. 

Mammillaria may persist for varying lengths of time and restoration of 
the sMn to normal is a slow process. It has been seen to last four months. 
Mammillaria has of course to be distinguished from “ gooseflesh in which 
the elevations form the centre of the hair follicles. A high sweat pH 
approaching neutrality and a high skin temperature are found only in 
anhidrotic heat exhaustion. There is also usually a delay in diuresis and 
a prolongation of the antidiuretie action of pitressm. 

Mammillaria never develops without a history of preceding prickly heat 
in the humid climate of Karachi, although in the hotter and drier climates 
mammilaria may not follow prickly heat. 

O’Brien stated it was possible to restore sweating of a dry area of 
mammillaria by the topical application of anhydrous lanoline which is 
called “ lipoid response.” Application of fat to the skin prevents the 
evaporation of sweat. In other words inapparent perspiration is rendered 
visible. Probably this is due to a generalised increase in permeability of 
the keratin layer as a whole (Home and Mole, 1951). 

HEAT-HYPEBPYEEXIA 

Synonyms. Heat-stroke ; insolation; thermic fever; siriasis; sun-stroke. 

Geographical distribution. — Heat-hyperpyrexia appears to be remarkably 
restricted. Although this type has been reported in many countries, on careful 
investigation it will be found that a large proportion of the reputed csases are 
really other diseases, more especially cerebro-spinal fever, apoplexy, tuberculous 
meningitis, alcoholism, cerebral malaria, or some other phase of acute disease, but 
not true heat-hyperpyrexia. 

The endemic areas are : — in America, the east coast littoral of the United 
States, more especially in the great towns, the Mississippi vaUey , the coast of the 
Gulf of Mexico, the valleys of the Amazon and of the La Plata, and the South 
Atlantic coast ; in Africa, the valley of the Nile, the coasts of the Red Sea, and a 
low-lying part of Algeria near Biskra ; in Asia, Syria, Iraq, the valleys of the 
Indus and Ganges, South Persia, Lower Burma, Tonquin, and South-East China ; 
in Australia, the Murray River district, the Queenslaud coast, and possibly the 
plains of Sydney. It is not met on the high seas, although it is well known on 
ships in the narrow, landlocked Red Sea and the Persian Gulf, During the 
1914-18 war dangerous cases occurred most numerously in Iraq, especiaDy during 
July, 1917, when for three days the temperature reached 122° E. in the shade, and 
135° P, in the interior of double fly-tents. 

iEtiology. — New-comers to the endemic areas and Europeans are more 
liable than natives or residents of long standing, and men over forty than 
those younger. All ages and both sexes are susceptible ; but in consequence 
of their habits and more frequent exposure to the predisposing and im- 
mediate causes, men are more liable than women. 
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Heat-hyperpyrexia is generally attributed to direct action of atmos- 
pheric or solar heat on the body. Many theories of the modus ojperandi of 
this cause have been advanced. Among these may be mentioned super- 
heating of the blood by the high temperature of the surrounding atmos- 
phere. Hearne pointed out that heat-hyperpyrexia is associated with 
suppression ,of sweat, which may precede the onset of serious symptoms 
by 48 hours, for after prolonged exposure to high temperatures the sweat 
apparatus becomes exhausted and the glands cease to function. Coma, 
dehrium and convulsions appear directly the body-temperature reaches 
108° E. Hypodermic injections of atropine have been shown to predispose 
to heat-hyperpyrexia through its action upon the sweat-glands. The 
cramps are attributed to the coagulation of myosin in the affected muscles 
(Cajamian). 

Blood cliemistry . — Marked dehydration is associated with hjemocon- 
centration with an increase of haemoglobin, sometimes to 110 per cent., 
and a corresponding increase in the red blood-cells. The leucocyte count 
is also slightly increased. There is a diminution of the blood chi orides 
and plasma bicarbonate, but a rise in lactic acid, blood-sugar and, usually, 
blood-urea (Marsh). 

The earliest sign of hypochloraemia is low, or absent, urinary chlorides. 
The test is performed as follows : — To 10 drops of a 24-hour specimen of 
urine is added one drop of 20 per cent, potassium chromate solution; 
this gives a canary yellow colour. Silver nitrate (2-9 per cent, solution) 
is added, drop by drop, until the colour changes suddenly to brown. The 
number of drops of silver nitrate equals the amount of sodium chloride, 
in grammes per litre. Sugar and acetone are occasionally found in the 
urine, and also a trace of albumin and a few hyaline casts. 

Pathology. — The cause of death is usually circulatory failure. A notable 
feature of fatal hyperpyrexia is the early appearance of rigor mortis. The 
blood is remarkably fluid, or but feebly clotted. The venous system is loaded, 
dark fluid blood pouring from the phenomenally engorged lungs and other viscera 
on section. Both blood and muscles are said to yield an acid reaction, more or 
less pronounced. The red blood-corpuscles are crenated and do not form 
rouleaxix. If the post-mortem examination is made shortly after death and before 
decomposition changes have set in, the heart in early rigor mortis, particularly 
the left ventricle, will be found remarkably rigid ; this is sometimes described as 
being of “ woodeny hardness.” There may be some venous congestion of the 
meninges, and the brain shows small multiple haemorrhages. On microscopic 
examination, necrotic changes in the ganglion cells, with chromatolysis of the 
nuclei, are found. The cerebro-spinal fluid is clear and under pressure. Cortical 
changes in the suprarenals have been described. In the lungs there is haemo- 
rrhagic pulmonary oedema. The intestinal mucosa, as well as that of the stomach, 
is swollen, and exhibits patches of congestion. The temperature of the cadaver 
continues to rise after death, and may reach 114° F. 

Among prodromata of a major attack, which may show themselves with 
greater or less distinctness for an hour or two, or even for a day or two, 
are great disinclination for exertion, pains in the limbs, drowsiness, vertigo, 
headache, mental confusion, sighing, anorexia, thirst, intolerance of light 
— sometimes accompanied by chromatic aberrations of vision — suffused 
eyes, nausea and perhaps vomiting, prseeordial anxiety, suppression of 
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sweat, urinary irritability, sometimes a sense of impendiag calamity, an 
hysterical tendency to weep, and a quickened pulse. 

Acute heat-stroke . — The first indication of anything seriously wrong may 
be a short stage of restlessness, or possibly of wild delirium. This brief 
preliminary stage rapidly culminates in coma and high fe^er, quickly 
passing into hyperpyrexia which may reach 112° F. The pupils are 
contracted, except immediately before death when, along with the other 
sphincters, they relax. The face is congested and the muscles rigid. 
The reflexes are partially or wholly in abeyance. There may also be, 
especially in the graver cases, free watery purging, the dejecta as well as 
the skin of the patient emitting a peculiar and distinetive mousy odour. 
The scanty urine may contain indican, blood-corpuscles, albumin and 
casts. The cerebro-spinal fluid is normal in appearance and its pressure 
slightly raised. 

Willcox distinguished different clinical types of heat-hyperpyrexia : 

(1) Gastric type . — A most deceptive form, in which the axillary tempera- 
ture is normal, the rectal temperature raised, and gastric symptoms pre- 
dominate, with congestion of the liver. Fatal hyperpyrexia may develop 
without previous warning. 

(2) Choleraic type . — This form is sudden, with purging and general 
resemblance to true cholera ; it may he fatal within three or four days. 
The rectal temperature may rise to 110° F. after death. 

(8) True heal-hyperpyrexia, in which nervous symptoms predominate, 
as described, accoimts for 70 per cent, of the eases. The temperature 
may rise to 113° F. for a short time, and the patient yet recover 
(Marshall). 

Unless active measures to lower temperature are taken early and 
vigorously carried out, in the great majority of instances, death will occur 
^thin a few hours, or even minutes, of the onset of insensibility. The 
immediate cause of death is generally the failure of respiration. Rarely 
do cases linger for a day or two. Partial recovery is sometimes followed by 
relapse. In favourable cases the disease usually terminates by crisis. 
Convalescence is rapid. Unless the patient is moved into different sur- 
roundings a relapse may occur ; two or even three have been recorded. 

The death-rate may be materially reduced by early and judicious 
treatment. In Iraq, during the 1914r~18 war, the ease-mortality among 
British troops was about 8 per cent. 

Diagnosis. — The high fever is sufficient to differentiate heat-hyper- 
pyrexia from sudden insensibility caused by uraemia, by diabetic coma, 
by alcohohe and opium poisoning, and by all similar toxic conditions. 
Carbon monoxide and hydrogen sulphide poisoning must also be thought of. 
Cerebral haemorrhage, particularly pontine, may, after some hours, be 
followed by high temperature ; but here the febrile condition follows the 
insensibility, whereas in heat-stroke the febrile condition precedes in- 
sensibility. Diagnosis from a cerebral malarial attack may he very 
difficult;^ chief reliance has to he placed on the history, if obtainable, on 
the condition of the spleen, and especially on the result of microscopic 
examination of the blood ; but sometimes the subtertian parasites may 

14 
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not be demonstrable for two or even four days from the onset. Malarial 
fevers and the early stages of the eruptive fevers in children are very apt 
to be regarded as heat-stroke, particularly if there has been recent exposure 
to a hot sun . Cerebro-spinal fever, so often mistaken for heat-hyperpyrexia, 
may be recognized by the occipital retraction, the irregular pupils, the 
frequent occurrence of strabismus, Kemig’s sign, the comparatively low 
and fluctuating temperature, the associated herpes, the initial rigor, and its 
duration. Lumbar puncture will, of course, give a clear differentiation. 
The fluid is often under high pressure, but is clear in beat-hyperpyrexia, 
and lumbar puncture should be performed in these cases, not only for 
diagnosis, but as a therapeutic measure. Uncomplicated heat-stroke is 
accompanied by bypochlorsemia, dehydration, absence of urinary chlorides, 
excess of lactic acid, and low content of bicarbonates in the blood. 

Marsh states that during a heat-wave in the Persian Gulf mild cases of 
heat-exhaustion are nsually in the majority, and so it is difficult, sometimes, 
to distinguish cases of pure fright from genuine cases. Real cramps con- 
stitute a valuable diagnostic sign. They are so extremely painful that the 
patient cannot sustain a conversation and the affected muscles can be felt 
to contract forcibly. 

klen of fifty years of age or over, or young men who have been suddenly 
introduced to a hot climate, should be carefully examined, for they may 
develop rapid hyperpyrexia without any of the usual premonitory signs. 
The correlation of heat deaths with increasing age is probably due to 
progressive diminution in the heart reserve. 

Treatment.— Treatment must be instituted at the earliest possible 
moment. A few hours’ delay may mean death to the patient. In all 
fulminating fevers, including heat-hyperpyrexia, in warm climates, if 
malaria be suspected, particularly if the subtertian parasite be discovered 
in the blood, quinine should be injected intravenously or intramuscularly 
at once (7-10 gr. of the dihydrocHoride); this dose should be repeated 
three or four times at intervals of four hours. Should there be any 
suspicion of alcohol poisoning, the stomach should be washed out. In 
every case of heat-stroke, whether it has been deemed advisable to 
administer quinine and other antimalaria drugs, or not, attempts must 
at once be made to reduce temperature by such rapidly acting measures 
as the cold bath, or ice applied in various ways to the head and body. 
The patient should be placed on a wet sheet supported upon bed cradles, 
thus forming a moist chamber in which he lies ; the whole may rest upon 
a rush-covered bed or “ angareeb."’ Mackintosh sheets must be avoided. 
The continuous water-spray with iced water, together with an electric 
fan, simulates the natural process of sweating to the best advantage. In 
the absence of electric fans an iced wet sheet may be wafted up and down 
over the patient’s abdomen by a punkah-like arrangement. Rubbing the 
skin with ice, by constricting the capillaries, apparently only obstructs 
evaporation. A thermometer should be kept in the rectum and the 
application of cold should be discontinued as soon as the thermometer in 
the rectum has sunk from 106° to 102° P., or from 109° to 104° P. If 
powerful antipyretic measures are carried beyond this point the fall of 
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temperature may continue below the normal, even as low as 91° and 
dangerous collapse ensue. ; 

Fluid must be given in large quantities, as 0-25 per cent, saline dri^^" 
or, if the patient cannot swallow, as intravenous normal saline, of which 
quantities up to 20 pints may be given. The fluid and salt requirements 
are regulated by the appearances of dehydration, the blood concentration 
(estimated by red cell count and percentage of haemoglobin), the amount 
of urine and the blood pressure. Intravenous saline is indicated if the 
systolic blood pressure is below 100. It must be given with great care, 
for the cardio-vaseular system may be unable to^deal with it. If the 
blood pressure does not rise, the patient may die of pulmonary oedema, 
which may occur after 9 pints has been administered. 

A balance sheet of fluid intate and output should be kept, and fluid 
should be given in large quantities until the total output balances the 
total intake. In this balance sheet at least 8 pints must be allowed for 
daily loss of fluid by the sweating of a man at rest. 

On discontinuance of the iced sheet, the patient should be wrapped in a 
dry blanket ; very likely, perspiration, a favourable sign, will then set in. 
Stimulants may now be necessary. Strychnine, owing to the marked 
tendency to convulsions in heat-stroke, must on no account be used as a 
cardiac stimulant ; Chandler, as the result of Ms large experience, recom- 
mended the injection of 40 min. of tincture of digitalis. Convulsions are 
best controlled by cautious venesection. As death in heat-stroke generally 
results from failure of respiration, Hearne and others strongly recommended 
artificial respiration when the breathing threatens to become suspended ; 
it should be maintained for half an hour or longer. Lumbar puncture is 
indicated as a rational method of relieving intracranial pressure. Gastric 
cases should receive a liberal supply of bicarbonate of soda—30 gr. every 
two hours, Liairhoeic and dysenteric cases are specially liable to hyper- 
pyrexia because of loss of fluid. Nourishment is needed; sweetened 
diluted tinned milk may be used. 

During convalescence great care must be exercised to shield the patient 
from all influences calculated to provoke relapse. The power of sweating 
may be in abeyance for three weeks or longer. 

Sequelae. — In some (McAlpine, 1946), mental confusion with incon- 
tinence, aphasia, pyramidal and cerebellar signs persist. As recovery 
proceeds the patient becomes more orientated, ceases to confabulate, and 
shows prognostic improvement in memory similar to that after a head 
injury, but in a small percentage a gross memory defect for recent and 
past events persists, accompanied by lack of interest, childish behaviour 
and incontinence. Inability to talk may be due to aphasia or gross 
dysarthria. Signs of unilateral or bilateral hemiplegia clear up, but the 
most constant sequel is a cerebellar picture which manifests itself in ataxia 
and rarely in nystagmus. Sometimes the picture of disseminated sclerosis 
is reproduced. 

Prophylaxis. — ^Patients in hospital especially liable to hea^- 
hyperpyrexia. The most valuable practical method is to attempt to or 
stall it by periodically inspecting the patients to find out those wi 
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conini0Dciiig suppr6ssioii of sw68it, urin&ry irritflibility, rostl^ssnoss and 

insomnia. i i i 

A heat-stroke hut, or treatment room, or even a iieat-stroke ward, are 

most desirable additions to hospital equipment in the tropics. 

An improvised cooling apparatus can be made by filling the radiator 
of a lorry with ice and driving the fan-driven air by means of a tunnel 
into a one-bedded bunk (Morton). 

A special refrigerating apparatus consists of a horizontally placed 
ammonia compressor working in conjunction with a brine-circulating 
system. At Masjid-i-Suleiman in South Persia (Anglo-Iranian Oil Fields) 
heat-stroke cases and, indeed, all cases of fever, are kept in outlying stations 
during the heat of the day until the cool hours between midnight and 
five a.m., in a cold-storage chamber attached to the ice-plant. During the 
coolest part of the night they are put into a fast ambulance and taken to 
the nearest heat-stroke hut where they are kept until complete recovery has 
taken place. Such accommodation should he provided for 10 per cent, of 
the population exposed to risk, in order to provide for the rush of cases 
during a heat wave. 

Buildings must he so constructed that they do not retain heat, and cool 
down quickly. The roof should be double, enclosing a wide air space, or it 
should be of thick thatch, projecting well and shading the upper walls. A 
ventilated verandah should extend all round, supporting hanging curtains 
of strong canvas, surfaced on both sides with aluminium foil. Double walls 
should be provided. 

Efficient methods of cooling the air are employed in industry in many 
parts of the world. These include methyl chloride, or ammonia refrigerating 
machines, or the cooling powers of evaporating water at atmospheric 
temperatures and in vacuo. Air-conditioning of houses and dwelling-rooms 
is commonly found in New York and other American cities, and the matter 
is solely one of expense. _ - 

The cost of maintaining a cool chamber is £400-£500 per annum. • 

The drink available for all workers in endemic areas^ of heat-stroke 
should consist of : sodium chloride 6 oz., potassium chloride 4 oz., water 
If pints. Of this concentrated solution, 17 fluid ounces are added to 8 
gallons of water for drinking ; a flavouring may be added (Dunlop, 
McNee and Davidson). 

As the result of these measures heat-stroke has been greatly reduced and 
has almost ceased to count as a cause of invahdism. 

AcclimatizatioiL. — Some organizations in the tropics endeavour to 
avoid the ill-effects of heat by ensuring fitness and acclimatization of the 
workers. In the Witwatersrand gold mines, candidates for employment are 
subjected to an exercise tolerance test in rooms artificially heated to 94° P., 
wet-bulb, and are then graded on their reactions, suitable candidates beii^ 
put through a further course involving exposure to high temperatures in 
stages and lasting, sometimes, for fourteen days. Soldiers shoid be given 
-lectures on the precautions necessary in hot climates. 

Fewer casualties occur from heat among men horn and bred in hot 
cKmates than among those reared in temperate climates. While there is a 
general agreement that excessive alcohol consumption is contra-indicated, 
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less attention has been paid to the profound effects that may arise from 
shortage of water and to the importance of replacing salt lost in sweat. 
The minimum daily fluid requirement in the hot season is 16 pints, and a 
man doing hard manual work may take 4 gallons. A daily ration of | oz. 
of salt is essential, and should be taken for several days before entering a 
heat stroke area, and continued throughout residence there. There is no 
evidence that alcohol in moderation is harmful. Constipation in the hot 
season is almost physiological and must be avoided, but care should be 
taken that when saline purges are given, plenty of fluid is drunk, since a 
watery motion may induce dehydration, and a patient may be constipated 
because he is already somewhat dehydrated. 

In the 1939-45 war it has been noted that, during the hot weather of 
1 942, nearly three-quarters of the cases of general effects of heat amongst 
troops in Persia and Iraq occurred before, during and after disembarkation. 
jMaiiv could have been prevented, had adequate precautions been taken on 
board ship. High atmospheric humidity ^\^th a w’et bulb temperature of 
83° P. is the danger point. 

It is dangerous for persons ’who have suffered from heat-hyperpyrexia to 
return to the conditions or surroundings that brought it on in the first 
place. 
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BERIBERI AND OTHER VITAMIN DEFICIENCIES 
Synonyms. — Kakke; Barbiers ; Polyneuritis Endemica. 

Definition. — Beriberi is a form of jnultiple oeripb eral neur itis occurring 
enderuically, or as an epidemic, in most tropical and sub-tropical climates 
and also, under certain conditions, in more temperate latitudes. The 
mortality may be considerable, usually from cardiac failur e. Experiences 
of nutrit ional deficiencies during the 1939-4^ war were considerable and 
the results appear to indicate that the boundaries between the different 
recognized vitamin deficiencies are not so clearly drawn as had been 
formerly thought, but on the whole the clinical picture of acute and 
chronic beriberi remains surprisingly uniform. 

^ Geographical distribution.— Until recently extensive, corresponding 
with tropical and subtropical belts. Formerly scourge of mines and 
plantations of Malaya, China and Indonesia; amongst coolie gangs on 
engineering works such as Panama Canal and Congo Railways; in Dutch 
army in Sumatra and in Japanese navy. A notable outbreak in prisoners 
in islands of Java Coast (Elshout and Lentjes) has been recorded. Still 
fairly common in ports and cities of Japan, in China, Philippines, India 
and Africa. 

Epidemics have been reported in W. Australian aborigines and amongst 
Chinese in B. Australia. 


Beriberi was once seen in a lunatic asylum in Dublin, as well as in 
institutions in U.S.A. and France; also in fishermen in Newfoundland and 
N. xAmerican coast, in Westman Islands, Iceland (1983), living on fish 
diet deficient in vitamin 

Epidemiology and endemiology.— Sex, age, occupatio?i.— Beriberi 
attacks both sexes. It is not uncommon in the breast-fed infants of 
beriberic mothers. This form, called injaniile beriberi, may declare itself 
in varying ways. 


Ship beriberi. Beriberi was prevalent among the native crews, more 
rmely, though occasionally, among the European officers and sailors, of 
ships on the high seas, 

thereabouts, the disease was common in European 
c^ws of Swedish and Norwegian ships, which were in far better sanitarv condition 
than Bntish ships, and yet beriberi was comparatively rare in the latter. The 
modem explanation is that, since the year named, the crews of the Norwegian 
f provided, under the terms of a statute, with bread 

° or a mixture of wheat and rye, so that their diet is 

mad^uate in vitamms. Ship beriberi holds a place intermediate between true 

disease found among the Rand 
^ lieen noted amongst the 

H the association of 

considered this was identical with so-oaUed “ ship 
dfetfa^u^ Ne^oundland benberi of both forms is found at times when the 

hTi W (Aytooyd). A number of oases 

nave been reported from H.M. ships in the Persian Gulf. 
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Asylum — The Dublin lunatic asylum, built for 1,000 inmates, 

had 1,500 crowded into it when beriberi broke out, due to dietetic causes. 


^Etiology. — The earliest investigators of beriberi believed that it was 
a degenerative multiple neuritis indistinguishable from that produced by 
alcohol or diphtheria, and that it was due to an infection or intoxication, and 
much effort was directed to the discovery of the poison. All these are 
now a matter of history, for they have been replaced by the \utamin- 
defieiency theory. 
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Fig. 54. — Showing the 
various stages in milling 
the rice grain. 1, Rice 
grain in the natural 
condition enclosed in the 
husk or enclosing glumes; 

2, After removal of the 
husk, but retaining the 
pericarp or “ silver- 
skin ” and the embryo ; 

3, After milling and 
polishing ; both “ silver- 
skin ’’ and embryo are 
removed and the grains 
are polished by rub- 
bing with talc between 
sheepskins. [After Chick 
and Hume, “ Trans. Soc. 
Trap. Med. and Hyg.”) 




Fig. 55 . — Diagram of longitudinal sec- 
tion through a grain of wheat 
showing (a) aleurone layer of cells 
forming the outermost layer of the en- 
dosperm, removed with the pericarp 
during milling ; (b) pericarp form- 
ing the branny envelope ; (e) paren- 
chymatous cells of the endosperm ; 
(g) embryo or germ. (By permission 
o/ H.M. Stationery Office, from Dr. 
J. M. HamilVs “ Report on the Value 
of Bread made from Different Varieties 
of Wheat 


If a fowl or pigeon be fed exclusively on “ paddif' that is, rice from which the 
husk has not been removed, it will thrive and very likely gain weight ; hut if it be 
fed exclusively on a diet of white rice and grain, that is, rice from which the 
pericarp has heen completely removed, after a short time, it will show signs of 
p>eripheral neuritis, lose weight and, if the exclusive diet be persisted in, die with 
all the signs of a multiple peripheral neuritis. This polyneuritis gaUinarum (or 
p. coduTnharvm ) — as it is called — is evidently the result of the deprivation of some 
element of food essential for the proper nutrition of the nervous system of 
the bird, and the element is located in the pericarp and germ of the rice gram 
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after (Fiss . 54. 55 / » Almost miraculous recoveries in the stricken birds take place 
h\T)oderniic injection of an extract of the germ centre of wheat or other cereal. 

The greater part of the rice grain is starch, and covering the central starch 
core there is a thin aleurone layer containing the proteid and fat constituents of 
the grain. Externally there is" an adherent layer, the pericarp, which varies in 
colour from red to white according to the variety of the rice. The pericarp con- 
tains the salts. The grain itself is covered by a husk, which is discarded as chaff. 

Conditions under which rice is grown . — Rice grows normally in puddled fields 
in which a layer of water is allowed to remain until the grain is almost ready for 
reaping, and this puddled rice has a nutritional value of approximately one-third 
less than the same rice grown under dry rain -fed conditions ; it contains also a 
lower content of vitamin Bi ; the Chinese eat mostly polished rice, normally 
obtaining their store of vitamin from fresh vegetables, shortage of which has 
from time to time led to a great increase of beriberi in Malaya. 

Fraser and Stanton showed — and their observations have been abundantly 
confirmed — that the antineuritic element is located in the pericarp of the rice 
grain, in the aleurone layer, and in the embryo of the grain, that it is soluble in 
water and alcohol, is stable in acid but unstable in alkaline solutions, is ther- 
molabile — being destroyed by a temperature of 130*^ C. — and that it is dialysable ; 
that it is not a phytin or a fat, and that, although itself not containing phosphorus, 
the amount in any given rice is a reliable indication of the safety, or otherwise, 
of that rice as a staple article of food. Rice containing less than 0*4 per cent, 
of PgOg they considered unsafe, and believed that its persistent use might lead 
to beriberi. was isolated by Jansen and Donath (1926) and synthesized by 
WilUams (1936). 

The polyneuritis of the fowl is identical clinically and setiologically with the 
polyneuritis, called beriberi, occurring in man. For, as has been both accidentally 
and intentionally done, if the same experiment with rice-feeding be tried on man 
the result is identical — ^beriberi is induced. Thus, following the lines of the earlier 
experiments of Fletcher, Fraser and Stanton, Strong and Crowell conducted a 
series of experiments on twenty-four life-sentenced prisoners, and were able to 
prove (fl) the non- communicability of the disease, and {b) its production in man 
solely by means of diet. A similar condition has been produced in rats. 

Acting on these findings, the governments of Singapore and the Federated 
Malay States forbade the use of white or pohshed rice in their jails, lunatic 
asylums, schools and hospitals, with the result that beriberi, which until then 
had been the cause of an enormous mortality and morbidity, has been practically 
banished. Corresponding results have accrued from the same practice in 
Indonesia, the Philippines, and elsewhere. In India decorticated rice is 
practically the staple diet of many millions, though beriberi is endemic only in 
a few circumscribed areas in Bengal and x^ssam, the north-east coast of Madras, 
the coast of Burma, and certain river valleys. The basal factor in India must 
be a fundamentally poor diet, whether of rice or other food grains. The period 
of development of beriberi in man was determined by Fraser and Stanton as 
between eighty and ninety days. The part that vitamin B^ plays in beriberi 
has now become clearer. Walshe (1941) claimed that, both clinically and 
pathologically, beriberi is a tjrpical polyneuritis, differing in no essential from 
other varieties. The nervous signs and symptoms are those of a multiple 
symmetrical nervous lesion, the cardiac manifestations also those of polyneuritis. 

Vitamin. {aneurin,: thiamin ), — Vitamin B^ is composed of pyrimidine and 
thiazole nuclei. It is 2-m€thyl-5-(4-methyl-5- jS-hydroxethyl-thiazolium chloride) 
methyl-6-amino-pyrimidine hydrochloride (OigHi^ONgS), a colourless water- 
soluble erysta^e substance containing a molecule of water of crystalliza- 
tion and melting at 248-250° C. In dry conditions it is stable at 100° C. for 
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tTTenty-four hours. The rate of destruction is increased by presence of water and 
alkali. It is oxidized to thiochiome by potassium ferricyanide in the presence of 
alkali. 

Destruction in ordinary' cooking processes is not very great, if soda be not added 
to vegetables. Pressure cooking, even Trhen rapid, causes considerable destruc- 
tion. The destructive action of sulphites is of some importance, since these are 
used in the preservation of fhiit pulp and juices, and depends on the pH of the 
medium. Vitamin is destroyed on autoclaving and largely inactivated when 
yeast and liver are subjected to heat under pressure. When subject to mild 
oxidization with potassium ferricyanide, the alkaline solution is converted to 
thiochrome which exhibits intense blue fluorescence imder ultra-violet light, a 
reaction employed in the estimation of Thiochrome is devoid of any vitamin- 
like action. 

Bi is widely distributed in raw foodstuffs, the richest sources being whole 
cereals, especially the p ericar p and j^erm {see p. 409), y^st, pork and pulses . 
Vegetables, including potatoes, are an im portant so urce. The diet of the working 
classes in Britain is so efficient in tha t white could with advantage be replaced 
by wholemeal bread. Yeast is an exceptionally potent source and should be 
used as a dietary supplement when large quantities are required. Milk is a poor 
source. 

The pTiysiolog}/ of Bi . — The original suggestion of Funk that plays some part 

in carbohydrate metabolism has been substantiated. Two of the intermediate 
products of the metabolism are laetie and pyruvic acids. Glucose is not directly 
oxidized in the body, but is transformed into carbon dioxide and water in a 
number of stages during which lactic and pyruvic acids are produced. 
deficiency in animals results in incomplete metabolism and is associated with 
increased urinary excretion of lactic acid. The blocni level of lactic acid appears 
to be abnormally high in beriberi patients. 

Pharmacological action . — Subcutaneous injections of from 50-500 mgm. per 
kilo cause an increased oxygen intake of 20 per cent, in guinea-pigs within half 
an hour. also produces diuresis which is thought to be of central origin, 
whilst toxic effect occurs only when very large doses are given. Man will tolerate 
intravenous injections of 500 mgm. daily for one month. Because of the great 
difference between therapeutic and toxic doses and lack of cumulative toxicity, 
Bj can be regarded as a particularly safe therapeutic agent for prolonged use. 

Cowgill (1939) proved that man is unable to synthesize or store it to any 
appreciable extent. In experimental animals signs of deficiency may be pro- 
duced in a pe riod of 10 days to 3-4 weeks, but symptoms in man may appear after a 
few weeks of ni ^equa lie ^et. It is readily absorbe d from the s mall, and possibly 
also from the lair y^. intest ine but, even when ingested in sufficient quantities, 
it may escape absorption in certain digestive disturbances, such as vomiting and 
diarrhoea, or destruction of intestinal mucosa (chronic bacillary dysentery, 
ulcerative colitis). Diseases associated with diuresis may wash considerable 
quantities of Bj from the tissues before it can be utilized. Absorption occurs by 
simple diffusion. 

The larger part of is stored in the livy r. kidneys and muscles, and it is 
abundant in the normal heart. Depl^on occurs most rapidly m the muscles 
and is slowest in the brain. Bj is excr eted in the urine, and the ki^ey con- 
centrates it from the plasma to a marked o^ree, perhaps twenty times"or more, 
but it appears that only a small proportion of the vitamin given by the mouth, or 
by injecticn, is excr^j^ in the urine, the rest being de stroy ed in the body. It is 
also excreted ip the but no*apprepiable quantity in the faeces. Harris and 
Leong (1936) believed that excretio^T)f less than 12 I.U. (see p. 412) per day 
in the urine is evidence of deficiency. 
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Human requirements . — An increase in metabolic rate increases Bj requirements. 
Thus, beriberi is more prevalent amongst stokers than, sailors, owing to their 
greater physical exertions. Similarly, males suffer more from beriberi than non- 
pregnant women, due to harder physical work. In Manila there is a high 
incidence of beriberi among pregnant and nursing mothers. As the metabolic 
rate rises during fever there is apt to be an association of beriberi with malaria and 
other pyrexias. 

The International Unit is the antineuritio activity of 3y of pure B^ (i.e. 333 I.U. 
= 1 mgm.). The minimum daily B^ requirement in international units is 
expressed in Cowgill’s formula: daily calorie intake 0*0284 x weight in kilos x 
0-05. Therefore, for an adult of 70 kg. (11 st.) on 3,000 calories a day the mini- 
mum requirement would be approximately 300 I.U. or 1 mgm. The figure is the 
physiological minimum, but 500-700 I.TJ. (1*75 mgm.) is the desirable intake. 
The metabolic rates in pregnancy, lactation, infancy and childhood, per unit of 
body surface, are greater than in normal adult life; therefore a greater B^ require- 
ment is necessary. Infants require approximately 50-60 I.U. (0*2 mgm.). Up 
to adolescence the requirements increase with age. In hyperthyroidism and 
during exercise the requirements are increaaed. 

It is, however, clear that deprivation of alone is not sufficient to 
cause beriberi in fowls or man, for patients dying of anorexia nervosa do 
not develop pol;peiiritis. The significance of B^ is in relation to carbo- 
hydrate metabohsm, rather than to its direct effect on the nervous system. 
Human and avian nervous systems can he deprived of with impunity 
when no carhohydrates are given. acts as a catalyst in carbohydrate 
metabolism of the nerve cell and heart muscle. In the absence of Bi, cellular 
carbohydrate metabolism breaks down at the stage of pyruvic-aoid 
formation. This substance accumulates in the cells, where its presence can 
be detected. It is, however, an error to suppose that pyruvic acid is toxic. 
Peters and his colleagues believe that Bj functions as a co-enzyme in the 
metabolism of carbohydrates and plays a part in the oxidation breakdown 
of pyruvic acid. Therefore accumulation of this acid or of pyruvates in the 
blood and central nervous system, and its excess in the urine, is related to 
the deficiency of B^. It is therefore essential for normal growth and the 
maintenance of body weight. 

Incidence. — The incidence of beriberi is greatest in those regions where 
polished rice and refined cereals form the bulk of the diet. It constitutes 
one of the most potent causes of mortality in Japanese infants. From 
1^20-1929 there was an average of 17,000 deaths from this cause in Japan. 
Beriberi appeared in the beleaguered troops at the siege of Kut in 1916, 
Balfour stated that every pregnant woman in 8. India suffers from it. 
In S. China beriberi is common in the later months of pregnancy and in the 
puerperium. 

In people living on an inadequate diet the raised basal metabolic rate 
resulting from fever increases the liability to beriberi — as after smallpox, 
cholera or meningitis. In China, for instance, 10 per cent, of patients show 
seine reflex abnormality suggesting latent beriberi. Thus, any lowering 
of toe general resistance leads to the development of polyneuritis. Breast-fed 
babies bom of mothers suffering from the disease are themselves liable to it. 

Ta^logy.--The post-mortem appearances of beriberi resemble the accepted 
aeecnptiom of peripheral neuritis. There is a degeneration of the peripheral 
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nerves — more especially of their distal ends — and there is secondary atrophic 
degeneration of muscle, including that of the heart. Degenerative nerve- 
changes may be detected in the nerve-centres and throughout the implicated 
neurones, as in other forms of peripheral neuritis. There is invariably an in- 
volvement of the vagus -with degenerative changes in its root in the floor of the 
fourth ventricle. Microscopically, the nerve-trunks show changes, from a slight 



Fig. 56. — Longitudinal section of external popliteal nerve in beriberi. 

One medullated fibre in centre is practically intact; the others stow typical frag-mentation of 
myelin sheath with swelling of remains of neire-fibre. 


(From a preparation by Dr. A. C. Steverison.) 

medullary degeneration to complete destruction of the nerve { Wallerian degenera- 
tion). Regenerative processes occur side by side with the degenerative (Fig. 5$). 
As a rule, some fibres in the vagus and sympathetic escape ; thus, the cardiac 
branches in the hea<rt-musele and the bronchial and oesophageal t^^dgs are usually 
unaffected. According to Vedder, the membranes of the spinal cord are often 
congested and oedematous ; scattered fibres in all tracts show the same kind of 
changes as the peripheral nerves. Degenerative changes are also found in the 
anterior and posterior horn cells, as weU as in the sympathetic ganglia. If there 
is anything peculiar about the post-mortem appearances in beriberi, it arises 
from the somewhat special implication of the central and peripheral organs of the 
circulation — ^namely, dilatation of the heart, especially of the right side, and great 
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accumulation of blood in the riglit heart and in the veins. In addition, there is a 
marked liability in many cases to serous effusion into the pericardium, pleural 
cavities, peritoneum, and cellular tissue. This very marked liability to serous 
effusion and the tendency to cardiac dilatation may be said to be more or less 
distinctive of beriberi as compared with other forms of multiple neuritis. (Edema 
of the cardiac muscle naturally interferes with the normal fluid exchange 
within the fibres and therefore with its contractibility. According to Mehius, 
when vitamin is deficient, full muscular contractibility is impossible owing to 
water absorption (hydropic degeneration of Wenckebach). The average w^eight of 
the Japanese heart' in beriberi is 368 grm. (normal 300 grm.). The enlargement 
is particularly noticeable on the right side, especially the right auricle, and the 
walls are paper-thin. Without doubt, water-retention in beriberi is of the 
greatest importance in elucidating the mechanism of symptom production. 
(Edema of the lungs also is not uncommon, and has, probably, a pathology 
similar to that of the connective- tissue oedema. There is no nephritis, but 
pressure congestion of the liver (nutmeg Hver). Duodenitis is frequent. 

The general affection of the whole nervous system, involving the central and 
peripheral structures, is identical with that found in diphtheritic or alcoholic 
neuritis. 

General considerations. — As beriberi of various types was so ex- 
tremely co mm on in prison camps in the Far East from 1942 to 1945 it has 
been the subject of many outstanding clinical studies conducted on 
scientific lines under conditions of the greatest difficulty by devoted 
medical staffs. The calculated value of the rations was deficient in all 
factors, except vitamin C, carotene and iron. On such a low diet it took 
80-100 days for the development of the beriberi syndrome. The epidemics 
were controlled by prophylactic vitamin B^. The critical value for the 
Bi-carbohydrate ratio was in the region of 0-4 mgm. per 1,000 carbohydrate 
calories. In the camps the change from European to Asiatic type of diet, 
and the prevalence of diarrhoea and dysentery, reduced bacterial synthesis 
to a minimum. Multiple deficiencies of other factors were present and 
consequently the borderline between beriberi and pellagra became very 
narrow. According to Shillane, on the whole, as compared with pellagra, 
the clinical evidence of multiple deficiencies in beriberi did not occur in 
such profusion or variety. 

Symptoms. Primary Beriberi {Naturally-occurring disease ), — Beriberi 
assumes varying clinical forms according to the extent and position of the 
nervous lesions. It is insidious in onset, but it may occasionally be ushered 
in by acute symptoms ending fatally within a few hours without 
development of any symptoms referable to the nervous system. As a 
general rule, it is classified into two main forms, according as the peripheral 
nerves or the cardiovascular system are most affected. The former is known 
as paraplegic or “ dry ” beriberi, the latter as oedematous or “ wet ” 
beriberi. It must be understood that in all its forms beriberi is the same 
di^se, and that a climcal classification has but a conventional 
value. Sudden death from heart failure may ensue, especially in oedema- 
tous cases. 

Paraplegic beriberi ^ig. 57). — There is a certain amount of anaesthesia 
or numbness of the skin, particularly over the front of the tibiae, the dorsa 
of the feet, the sides of the thighs, perhaps also of the finger-tips, and one 
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or two areas on the arms and the trunk. Deep sensibility I'Abadie’s sign), 
elicited by compression of the Achilles tendon, is usually numbed or 
entirely lost. The calves may be strikingly thin, the gastrocnemii 
flabby, and if they and the neighbouring muscles are handled somewhat 
roughly, particularly if they are squeezed against the underhung hones, the 
patient will call out in pain and try to drag the limb away. Toe and foot-drop 
can frequently be demonstrated. W eakness spreads upwards, first involving 
the extensor muscles of the leg, and then the extensors and flexors of the 
thigh. The skin of the limbs becomes shiny. The thenar, hypothenar, 



Fig. 57,--Ataxic or paraplegic beriberi, showing characteristic 
attitude. 

plantar and arm muscles, like the calf muscles, may be wasted, flabby 
and exhibit fibrillary twitchings. Very probably there is a loss of fat, the 
panniculus adiposus being everywhere meagre. If tested electrically, the 
muscles exhibit the reaction of degeneration. If the knee reflex he tested 
in the usual way, it is at first increased, but after the first week there will 
be*no response whatever ; nor can any clonus be elicited, but occasionally 
a reflex contraction of the hamstrings may take place, giving a false im- 
pression of a knee-jerk. As a rule, all the deep reflexes are lost ; hut the 
superficial, unless in extreme paresis and muscular atrophy, are usually 
present and more or less active. If, in severe cases, the patient is set to 
button his jacket or to pick up a pin, possibly he has a difficulty about it. 
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or perliaps lit eaiinot ; he. may bungle ami fumble like the advanced ataxic. 
The fibres of the affected muscles, -when struck wth a patellar hammer, often 
contract locally in a particularly painful manner known as inycedema. 

There may be wrist-drop (Fig. 58). , . , , . . , , , 

There is more than ataxia, however, for the hand-grasp is so enfeebled 
that the patient may have a diffienlty in holding his rice-bowl as well as 
in feedin" liimself. There is no tremor of the hands ; and never, or very 
rarely is'^there any paresis of the ocular muscles, or of the muscles of the 
face “ of mastication, of the tongue, or of the pharynx. The sphincters 



Fig. 58. — Paraplegic beriberi, showing wasting of 
extensor muscles and wrist-drop- 

and bladder operate satisfactorily, and the functions of the alimentary 
canal are carried on fairly well, although there is often some dyspeptic dis- 
tension and oppression after food. If the patient can walk at all, his gait will 
be markedly ataxic ; but, in addition to want of co-ordinating power, there 
is great muscular weakness. If he is laid on the bed and asked to raise 
his legs, he is perhaps hardly able to get them off the mat, to cross them, 
or to place one foot on top of the other. Yery probably he is the subject 
of marked foot-drop, so that he drags his toes when he attempts, in 
walking, to advance the foot ; he has therefore to raise the foot very 
hi^, letting it fall on the ground with a hop when he brings it down 
agmn (steppage gait). His ataxia and his muscular weakness, as well as 
the partial ansesthesia from which he suffers, force him to adopt a 
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variety of devices to assist him in progression. Although mental symp- 
toms are uncommon, defects of memory often occur. 

The general health is good, for the\iiost part ; the tongue is clean, 
the bowels are fairly regular, there is no fever. Loss of sphineteric 
control does not occur until 
very late. Digestion, assimila- 
tion, and excretion are satis- 
factory. 

Dean Smith has recorded 
that in prison-camp dry beriberi 
no association with any detec- 
table cardiac abnormality was 
ever observed. 

Cardiac beriberi, wet beriberi 
— Instead of being wasted, as 
in paraplegic cases, the face 
is puffy and heavy ; the lips 
possibly slightly cyanosed ; and 
the arms, hands, trunk, legs, 
and feet are distended with 
oedema (Pig. 59). It may be 
thought at j&rst from the oedema 
that it is a case of acute neph- 
ritis, but an examination of 
the scanty, dark-coloured 
urine shows that it is of high 
specific gravity and contains 
no albumin, or only a mere 
trace. Careful observation will 
discover that the oedema is 
somewhat firmer than that of 
nephritis and, in not a few 
instances, that it does not in- 
volve the scrotum. Occasion- 
ally it is pecuharly localized 
and fugitive. A bruit and 
other evidences of dilatation 
of the heart are discovered. 

Occasionally irregularity may 

be associated with slowing of p|g^ 59.-~CEdematous beriberi with paresis of 
the heart-beat, and heart- legs iu Qold Coast native boy. (i)r. S. A, 
block may occur in such eases. Maclean.) 

Tie liver is frequently swollen 

and tender. The lungs may (or may not) present signs of single or 
double hydrothorax, but they themselves are healthy. The patient can 
hardly walk — partly from breathlessness, partly on account of mechani- 
cal interference by tie dropsy with the movements of the legs, partly, 
perhaps, from some degree of paresis. He may have ankle-drop ; if firm 
pressure be brought to bear on the calf -muscles through the oedema, signs 
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of hvperasthesia of the muscles may or may not be elicited. Knee-jerks 
are ‘c'enerallv absent, and there is numbness of the shms and finger-tips. 
The°tongue'is clean, the appetite fair, and there is no fever. But there 
mav be prfficordial distress and even pain, and, as this is aggravated by 
a full meal, the patient eats sparingly. The amount of urine is generally 
very much reduced — even to & few ounces. 

In this patient, therefore, there are the same signs of peripheral neuritis 
and of dilatation of the heart as in the other cases. ^ In addition, there is a 
somev^hat firm oedema, which is not altogether cardiac, but, as its character 
and the circumstances in which it is found suggest, is probably connected 
with the play of transudation and absorption in the connective tissues. 

Dean Smith (1947) found in Japanese prison camps that multiple 
deficiencies of other factors were present in the majority of fatal cases. 
Most patients increased in weight as much as 15 lb. in a week, which they 
lost with great rapidity directly diuresis occurred. 

When the heart is examined, if the case he at all recent or moderately 
severe, the impulse is diffuse ; there is epigastric pulsation ; the carotids 
throb violently ; and there is that peculiar wobbling, pulsating move- 
ment in the jugulars that denotes tricuspid insufficiency. “ Pistol shot ” 
sounds are heard on auscultation over the larger arteries. On percussion 
the prfficordial area is frequently enlarged, perhaps very greatly enlarged, 
especially to the right ; and on auscultation loud bruits, usually systolic 
in rhythm, may be heard. Marked reduplication of the sounds, particularly 
of the second, is noted. The auscultator may be impressed in a large 
proportion of cases, by the peculiar spacing of the intervals between the 
sounds. It may be hardly possible to tell by the ear alone which is the 
first pause and which is the second. They seem alike in point of duration 
(tic-tac rhythm) ; so that the sounds resemble the heats of a well-hung 
pendulum clock, evenly spaced, and not, as they are in health, separated 
by a long and a short interval. It will also be observed that the heart is 
very irritable, easily quickened by exertion. In addition to peripheral 
neuritis, there is serious disease in the circulatory system, particularly in its 
innervation ; there is dilatation of the right side of the heart, and a state 
of relaxed arterial tension. Paralysis of the left recurrent laryngeal nerve 
by a grossly distended right auricle has been recorded. There is a wide 
range in the pulse-pressure, and Aalsmeer and Richter have shown that 
there is almost invariably a- low diastolic blood-pressure which can be 
influenced by the injection of adrenaliue (the adrenaline effect) . Pitressin 
raises the diastolic pressure from almost zero to 76 mm. and the venous 
pressure falls ; this beneficial eflect may last If hours. 

Usually in well marked cases, the electrocardiagram shows distinct changes 
of low voltage and an indefinite inverted or flattened T. wave in I, II and III 
feads, shrinlring of the P — R interval and prolongation of the Q — ^T interval. 

The cardiac enlargement in humau beriberi was ascribed by Aalsmeer and 
Wenckebach to oedema of the heart-muscle, which results in an interference 
with its contractile power without disturbance of its excitability. 

Wenckebach investigated a number of cases of cardiac beriberi in the Dutch 
East Indies and Singapore, taking special precautions to inject hardening fluid, 
and he was thereby able to confirm the presence of certain gross anatomical 
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changes which are demonstrable during life by radiography. The whole of the 
right side of the heart is enlarged, while the left remains comparatively small ; 
the conus arteriosus takes part in the change. The large systemic veins are 
commonly dilated, and as much as three litres of blood may escape from the 
right auricle. The extrapericardial pulmonary vessels are not abnormally 
congested. JVIicroseopic examination of the heart muscle after death reveals 
intracellular oedema, sarcolysis, and hydropic degeneration, probably primarily 
due to excess of lactic acid, brought about by defective oxygenation. The 
primary lesion is, therefore, a loss of conferactibiUty of the heart muscle, related 
to water retention, with consequent loss of peripheral vascular tone. The 
clinical picture and its response to adrenalin and pitressin, together with the 
lowering of diastobc pressure, accord with these findings. 

Keifer (1930) and Wenckebach (1929) excluded tbe previously held vagus 
causation of heart failiire on the grounds that no evidence exists that paralysis 
of this nerve can produce the picture of heart failure as seen in heriberi, and 
that when tachycardia develops as the result of vagal inhibition by atropine the 
heart decreases rather than increases in size. 

Aalsmeer employed the results of these observations as a practical test to 
indicate the stage of the disease and response to treatment. Tbe diastolic 
pressure is known as tbe “ minimum tone pressure,” because it is the pressure 
registered by the sphygmomanometer at the moment when the auscultatory 
bruit disappears vdtb decompression of tbe brachial artery. The essence of the 
test is that, when the diastolic pressure is registered, tbe administration of adre- 
nalin in hypodermic doses of 1 mgm. will be found, if observations are taken at 
five- minute intervals, to bring the pressure down to zero in an uncured case of 
beriberi. That is to say, tbe auscultatory murmur will persist during complete 
relaxation of the pressure of the artery as long as the patient is under the influence 
of adrenalin. 

Cardiac attacks . — ]\lost cases die from paresis and oTer-dis tension of the 
right heart, complicated and aggravated by oedema of the lungs, dia- 
phragmatic paralysis, hydrotborax or hydropericardium. Sudden cardiac 
failure (termed by the Japanese ShdsMn ”) is often contributed to by tbe 
co-existence of pleural effusion, hydropericardium, paresis of tbe diaphragm, 
over-distension of the stomach by food or gas, and, above all, by oedema 
of the lungs. It can readily be understood how any additional obstruction 
of this description would still further tax the dilated, enfeebled heart and 
determine tbe fatal issue. 

Subacute cardiac beriberi, as described by Casanova (1946), is really 
cardiac damage in patients suffering from the disease in a chronic form. 
Eadiologically there is gross right-sided cardiac enlargement with striking 
pulsation in tbe pulmonary conus and tbe aorta. There is no uniformity 
about the cardiographic tracings in this type. Generally the P wave is 
accentuated. The indications are those of a sinus tachycardia with 
marked delay of passage of cardiac impulses through the ventricles. 
Administration of digitalis to this type increases the pulse rate. 

Great variety in degree and comhmodion of symptoms . — Some cases are so 
trifling that the patients are up and moving about with more or less 
freedom ; others he like logs in their beds, unable to move a limb or perhaps 
even a fcger. Some are atrophied to skeletons, others are swoflen out 
with dropsy, and some show just sufficient dropsy to conceal the atrophy 
of muscles. Though the cranial nerves above the seventh are very rarely 
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involvsdj in soins ttiG l&iryngG&il musclGS GiIB pfljralysGcl, tliG pSitiGnfc bBing 
unable to speak above a v^Msper or to produce an explosive cough. In 
one or two cases the abdominal and the perineal muscles may be so pro- 
foundly paralysed that, when cough is attempted, at most a husky expira- 
tion is produced, while the belly is bulged forward and the perineum shot 
downward by the sudden contraction of the muscles of expiration. The 
deep reflexes do not reappear for months, perhaps, after the patient is 
well in all other respects. In some epidemic outbreaks, as, for instance, in 
Iraq in 1916, an irregular 'pyrexia, seldom exceeding 100° P., was noted. 

Uncertain course.— Bexiheii slowly or rapidly declares itself after an 
incubation period of weeks or months ; it may be preceded by a period 
of intermitting languor, aching legs, palpitations, breathlessness, slowly 
advancing oedema of legs or face ; or the patient may wake up some 
morning and find that during the night he has become dropsical or paretic. 
Thus, the disease may develop slowly or rapidly. Equally uncertain are 
its progress and danger ; within a day or a week, or at any time during 
its course, it may assume fulminating malignant characters. It may com- 
pletely subside in a few days, or it may drag on for months. It may get 
well apparently and then relapse. It' may, and generally does, clear up 
completely ; or it may leave a dilated heart, or atrophied limb muscles 
with corresponding deformity. The variety in the severity, progress and 
duration of beriberi is infinite ; but in all cases the essential symptoms are 
the same — greater or less cedema, especially over the shins ; muscular 
feebleness and hyperaesthesia, especially of the legs ; numbness, especially 
of the front of the shins, of the finger-tips, occasionally of the lips ; liability 
to palpitation from cardiac dilatation, and to sudden death from the same 
cause. 

Secondary beriberi. Beriberi manijestations produced by oilmr diseases. 
Alcoholic beriberi . — It has long been recognized that alcoliolic neuritis 
resembles in many respects the paraplegic form of beriberi. It resembles 
it so closely that in recent years the idea has gained ground that this 
resemblance is more than fortuitous, and that in both conditions there is 
an antecedent deficiency of vitamin Bj. The theoretical considerations 
advanced by Shattuck have led to the recognition of a variety of intestinal 
conditions m which polyneuritis may occur, such as gastric carcinoma, 
chronic intestinal obstruction, and ulcerative colitis, and, in the opinion 
of some observers, all these should he included under the heading of 
secondary beriberi. Cases have been reported of alcoholic addicts with 
congestive heart failure and polyneuritis who have recovered completely 
after treatment by rest, a high-calorie diet, and vitamin 

Multiple factors are probably concerned in the production of alcoholic 
beriberi, including defects in diet and assimilation acting in conjunction 
with increased tissue requirements for vita min due to an increased 
rate or type of metabohsm. Many cases of alcoholic neuritis have now 
been cured by long-continued injections of aneurin, Weiss and Wilkins 
(19%) described the climcal syndrome of cardiac beriberi associated 
with aloAolic gastritis, which resembles the classical form of the disease. 
Afeofaci is a s a ^ifi cant factor in precipitating beriberi, not only because 
it supplies calories without but also because its metabolic effect is 
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similar to that of pore carbohydrate. In response to aneurin the cardio- 
vascular disorders disappear before the polyneuritis. Dysfunction of the 
cardiovascular system resulting horn imbalanced food intake is a disease 
of regular occurrence in America. Tachycardia, followed by bradycardia, 
and gallop rhythm with electrocardiographic changes are considered to be 
characteristic of the beriheric heart. 

Strauss thought that the polyneuritis of preynancy may be of the same 
nature when pernicious vomiting occurs. In diabetic neuritis, also, it has 
been shown that the injection of aneurin exerts an influence upon carbo- 
hydrate metabolism. 

Infantile beriberi. — ^This form is common in Egypt, the Philippine Islands. 
South China and certain Pacific Islands, and causes a high infantile death-rate. 
In the Philippines especially it was a terrible scourge, accounting for 10,500 
deaths annually, or 28*1 per cent, of total deaths in infants under one year, 





Pig, 60.— Infantile beriberi, fiatiruan child in convulsions. Note general 
anasarca. {Dr, G. IF. 3ray,) 


It is not necessary to regard it as resembling adult beriberi in miniature, for it 
differs in many essentials. The disease often occurs in the rainy season.^ It is 
never seen in Caucasians, rarely in half-castes, and should be regarded as strikingly 
a disease of poverty. It usually affects breast-fed infants of mothers who are 
either themselves victims of beriberi or subsist on a diet poor in vitamms. In 
Hong Kong Fehily stated that in initial, subacute and acute infantile beriberi 
breast-feeding immediately antedates the symptoms, but in the chronic form 
breast-feeding might have ceased weeks or even months previously. Removing 
the infant from the breast, or administering an extract of rice bran, usually leads 
to a rapid cure. 

Haridas (1937) classifies infantile beriberi into three groups, aphonic, 
polyneuritic and cardiac, of which the commonest is the last, but mixed 

■forms may occur. . 

The disease depends upon deficiency durmg uterme life and after birth 
of a substance in the milk which is essential to the growth and development 
of the child’s nervous system. In the most acute type it is children 
previously healthy, to 3 months old, who are usually attacked ; after 
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a seriei? of convulsions the child suddenly dies of acute heart-failure. 
In less fulminating cases, vomiting, dyspnoea, dysphagia, and aphonia 
may precede heart -failure. The child moans or whines in characteristic 
fashion and the beriberic cry is diagnostic. Ptosis is also common. The 
blood pressure is low. The total acidity and free hydrochloric acid in the 
gastric juice are reduced. Occasionally, chronic cases are seen in which 
progressive wealmess and wasting, with periodical attacks of vomiting, 
occur. In neither form has true paralysis been noted, except that under- 
lying aphonia which Avas ascribed by Kubo in Japan to a paralysis of the 
left recurrent laryngeal nerve from pressure by a dilated left auricle. 
The knee-jerks are usually absent. 

In the acute type of the disease, gastro-enteric, pneumonic and meningitic 
signs and s 5 ?Tnptoms prevail. There is at first disinclination for food, followed 
by extreme restlessness, increased epigastric swelling, paroxysmal crying and 
general anasarca. Vomiting is the first sign of impending death. Dyspnoea 
and cyanosis supervene and the child dies in convulsions (Fig. 60). The tem- 
perature may be slightly raised to about 100° F. 

The diagnosis of infantile beriberi is greatly aided by blood examination : a 
lymphopenia is almost invariably noticed, with a total absence of small lym- 
phocytes. Bray was able to show that the therapeutic action of vitamin 
is greatly enhanced by the synergic influence of vitamin A, as in cod-liver oil. 

Mortality. — The mortality in beriberi varies in different epidemics 
and in different localities. On the whole, it is greater in low than in high 
latitudes, in the dropsical than in the atrophic forms, in the acute than in 
the chronic. In some epidemics it is as high as 30 per cent, of those 
attacked ; in others as low as 6 per cent., or even lower. 

Wernicke’s encephalopathy. — The combination of ataxia, clouding 
of consciousness and ophthalmoplegia was described by Wernicke in 1881 
as acute superior haemorrhagic polioencephalitis. Subsequently this 
syndrome was associated with chronic alcoholism; from 1933 onwards 
its cormection with vitamin has been suspected and a similar condition 
had been described in nutritional disease of silver foxes in America. The 
accuracy of the forecast was shown by the outbreaks which occurred in 
prisoner-of-war camps in the Far East. A review of 52 cases has been 
made by Wardener and Lennox. Other descriptions are by Spillane and 
Dean Smith. There were 21 deaths and the diagnosis was established at 
autopsy by demonstration of hsemorrhages in the mamillary bodies of 
the brain. In its climcal and pathological manifestations cases show 
no resemblance to any form of infective encephalitis. From the rapidity 
with which it responds to injections of aneurin this encephalopathy 
appears to be produced by an acute deficiency of vitamin The 
predisposing causes are dysentery, diarrhoea, failure of adaptability to a 
rice dietary, febrile conditions such as sepsis from gunshot wounds, and 
ebronic malaria. The first symptom is the persisting anorexia, followed 
a week later by vomiting and nystagmus. Then the full picture develops 
of miserable inactivity, insomnia, disorientation, non-co-operation, 
eemi-cama and severe oculomotor palsy. The eye symptoms consist of 
wavering of visual fields on looking to the side, diplopia, photophobia, 
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insomnia and giddiness. In tlie alcoholic type there are often residual 
psychotic changes and sometimes glossitis; pellagrous skin eruptions and 
manifestations of aribofiavinosis may coexist. In the deficiency type 
other forms of beriberi are associated in 90 per cent. 

In the eye horizontal nystagmus is the earliest sign ; in a quarter of 
the cases there is paralysis of the external rectus, sometimes complete 
disconjugate wandering, loss of \dsual acuity, papillcedema, ptosis and 
retinal haemorrhages. Other disturbances of the central nervous system 
consist of lesions of the trigeminal, facial, auditor}" and glossopharyngeal 
nerves. 

The jtathology has been discribed by Campbell and Biggart. Occasionally 
there are visible hsemorrhages. On section pathognomonic lesions are seen. 
There are foci of congestion and haemorrhage scattered symmetrically in the 
grey matter of the brain stem and hypothalamic regions. The mamillary bodies 
are nearly always afifected. The lesions show specific selectivity for the veg^^tative 
centres, being most severe in the lateral horns and Clarke’s nuclei at the thoracic 
level. Thrombosis is rare, hut there are numerous perivascular haemorrhages 
with widespread degenerative changes throughout the brain. Treatment . — There 
appears to be unanimity that, directly the diagnosis is established, symptoms 
are relieved by injections of aneurin, 50-100 mgm. parenterally, daily. 

Nutritional retrobulbar neuritis. — The frequency of this serious 
condition in prisoners of war in Japanese hands necessitates its inclusion 
in this chapter. It manifests itself by the loss of visual acuity with 
disorders of perception, such as shimmering and flickering of images. 
According to Dean Smith there is usually some degree of pain in 54 per 
cent, and the consciousness of a central blind spot is a spontaneous 
complaint in 6*5 per cent. Photophobia is not common and no corneal or 
conjunctival lesions are seen. On the other hand visual acuity is not a 
good guide. A visual acuity of less than 6/60 was found in a small pro- 
portion, mainly in men, but a central or paracentral scotoma was found 
in all and was larger for red than for black and white with constriction 
of visual fields. Ophthalmoscopy reveals degenerative ^ pigmentary 
changes around the macula in 10 per cent, and optic atrophy in 1 per cent. 
Temporal pallor of the disc in 25 per cent, indicates that the condition 
was progressing slowly. ^\liitfield (1947) states that the connection with 
the beriberi syndrome was unequivocal. The majority had cardiac 
beriberi, a considerable proportion showed the orogenital syndrome and, 
in some, burning feet suggesting a pellagrous tendency. In a small group 
which were treated with multivitamin capsules — riboflavin, pyridoxin 
and pantothenic acid in addition to A, and nicotinic acid, all except 
one improved. Kagawa (1988) has given a comprehensive summary of 
Japanese literature on the association of retrobulbar neuritis with beriberi 
and finds it common in lactating women in the eighth to ninth month of 
lactation. He stresses that it is usually associated with mild chronic 
beriberi. 

Burning Feet.— “ Chachaleh ” (Somaliland) ; “ Barasheb ” ; “ Kalerichal ” 
(Tamil); “ Gopalan syndrome”; “ Dyssesthetic phenomenon” (Spillane). 
Pyralgia melalgia. 
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This is a very chronic condition which had been recognized in Malaya, British 
Guiana, West lAfrica and Somaliland for many years. Buchanan reported on 
a series’ of over 100 cases from Somaliland. Painful or burning feet constituted 
the most frequent and disturbing manifestation of malnutrition in Japanese 
prison camps. It is doubtful whether it should be included with the beriberi or 
with the pellagra syndromes. Its affinity to the latter is shown by the fact that it 
is mentioned by Casal and is recorded by J ansen in 1787, and was seen again in the 
Spanish civil war. It is doubtful whether the primary lesion resides in the nerve 
tissue or in the vacular supply. Before the last war it was well described by 
Kingsbury in Malaya. Moore, Scott, Landor and Pallister have also described 
neurological sjTnptoms (weakness, ataxia, inco-ordination and loss of visual and 
auditory acuity) associated with burning feet in that country. 

The syndrome commences with deep aching in the sole of the foot, spreading, 
like a toothache, to the toes and instep. The sufferings of the victims can hardly 
be exaggerated. Soon the whole foot is involved with the most acute “ pins 
and needles.” The pain is usually worse at night ; most of the affected prisoners 
slept with both feet outside their blankets, but the condition progressed with 
excruciating bouts of shooting pains up and down the feet and calves and it 
sometimes took months to develop. Sometimes, too, the palms of the hands were 
involved. Shortly after onset delimited hyperidrosis of the affected parts 
appeared and was gradually replaced by ascending skin analgesia with complete 
insensibility to pin-pricks and cotton wool. First the ankle jerks, then the knee 
jerks, after some increase, slowly diminished. No loss of superficial reflexes was 
noted. Advanced cases showed loss of passive movements and sensation and 
co-ordination became rapidly inaccurate. Many developed retrobulbar neuritis 
and most exhibited associated ariboflavinosis phenomena, such as eczematous 
scrotal dermatitis, glossitis and angular stomatitis (Whitfield, 1947). 

Cmickshank and Jackson (194(5) recount the stirring picture of patients 
endlessly limping up and down between the huts throughout the night. Two 
types of gait were common, such as the ataxia of plantar anaesthesia, carefully^ 
picking their way like bathers walking over shingle. The physical deterioration 
was great. No relationship to w'et beriberi was evident and response to treatment 
disappointing. Nicotinic acid gave temporary relief, but with an increasing 
supply of soya beans and rice polishings and I J oz. of yeast a steady improvement 
occurred (Dean Smith). The work of Gopalan and Burgess (1946) seems to 
suggest that some other factor than the B complex is involved. Daily injections 
of calcium pantothenate appeared to have some effect, and it is suggested, on 
this basis, that the requirements of pantothenic acid depends on the carbo- 
hydrate intake. One can only surmise that it is probably a dietary insufficiency 
due to failure of intestinal biosynthesis. 

Diagnosis. — Usually the diagnosis of beriberi is not diffieult. Multiple 
peripheral neuritis occurring as an epidemic, or in a place or ship in which 
the disease has occurred on some previous occasion may, as a rule, he set 
down as beriberi. Sporadic cases may be difficult to diagnose, especially 
if there is a history of alcoholism, of malaria, or of drugging with arsenic. 
The presence, actual or past, of oedema — especially of oedema over the 
shins — ^and palpitations and other evidences of cardiac implication, are 
rignificant of beriberi. In the atrophic or paralytic type the jongeJe or 
‘ squatting test '^ is very useful. The patient is unable to assume, or rise 
from, a squatting position with his hands on top of his head. It must be 
borne in mind that slight anaesthesia of the praetibial skin area, slight 
cedema of the same region, slight hypersesthesia of the calf muscles, and, 
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perhaps, impairment or absence of knee-jerk may be the only signs. 
Ehew}Laiis?n is rare in the tropics. 

JPyruvic acid determination in the blood is of diagnostic value. In acute 
beriberi the blood contains about 2 mgm. per cent. ; in untreated chronic 
cases 1*5 mgm. per cent, and in those injected with aneurin about 0*5 mgm. 

Meyers introduced two new’ tests for the diagnosis of cardiac beriberi. 
The fccst is the development of, or increase in, an audible sound in the ante- 
cubital space after subcutaneous injection of adrenalin. The second and 
more important is the estimation of diuresis after the fasting patient has 
drunk a litre of water. The volume of urine passed every half hour is 
charted for four hours. A normal person excretes all the fluid, but in 
beriberi there is water retention: this should disappear after treatment 
with aneurin. (Volhard’s diuresis test.) 

Differential Diagnosis. — Cases have been diagnosed as cardiac disease, 
tabes dorsalis, muscular rheumatism, progressive muscular atrophy, ascending 
spinal paralysis, and have over and over again been relegated to that refuge 
for ignorance, malaria. There should he no difficulty in distinguishing beriberi 
from tabes dorsalis, by the Argyll -Robertson pupil and the positive W assermann 
reaction. In both paraplegic beriberi and locomotor ataxia, Abadie’s sign 
(absence of pain on compressing the tendo Achillis) is present. 

Beriberi can be differentiated ffom alcoholic neuritis by the tremors and 
mental disturbances which are generally obvious ; from arsenical neuritis by 
the pigmentation, the diarrhoea, and digestive disturbances, and by the hyper- 
keratosis of the palms and feet that is apt to occur in this intoxication ; from 
chronic lead-poisoning by the blue line on the gums, the wasting of the arm and 
leg muscles which are most in use, the characteristic sparing of the supinator 
longus, and the basophilic stippling of the red blood-corpuscles ; from lathyrism 
by the presence of the knee-jerks and the absence of muscular hyperscsthesia 
in this affection ; and from triorthocresyl phosphate poisoning (ginger or jake 
paralysis) which causes a flaccid form of motor paralysis. The differential 
diagnosis from heart disease, chronic nephritis, and ancylostomiasis is sufficiently 
obvious. 

It may be necessary to differentiate Korsakoff’s syndrome and Landry’s 
paralysis. 

Schretzenmayr described the radiographic appearances of the beriberi heart. 
Three stages can be distinguished ; of these the second, with special enlargement 
of the right auricle, Ls regarded as characteristic of beriberi. 

There are probably other forms of polyneuritis distinct from beriberi, which 
may closely simulate it. Possibly these infectious forms of polyneuritis are 
occasioned by an organism as yet undetermined. Possibly also, infective forms 
of polyneuritis occur in association with food-deficiency. These may account 
for sporadic cases in which pyrexia is prominent, and al^ for isolated outbreaks 
not apparently associated with a faulty dietary. 

Famine cedema (nutritional oedema) is more pronounced than oedema of 
simple starvation, and other causes than mere lack of sufficient nutriment are 
at work. It is most pronounced in the feet and legs, and marked muscular weak- 
ness and alimentary-tract disturbance are common- It was common when there 
was a shortage of fats, as in Central Europe during the 1914r-18 and 193^-45 warn. 
In Java and Haiti a form of malnutritional oedema was prevalent among in- 
dividuals whose diet was inadequate, and amongst infants fed on a preponderantly 
starchy diet over a long period. In these a generalized dropsy, similar to famine 
oedema and cedematous beriberi, is observed. Famine oedema was extremely 
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common in Japanese prison camps in Singapore and Java during the recent war. 
There ensued considerable confusion with cardiac beriberi. The hungeroedem ” 
of the Dutch was synonj^mous with wet beriberi of the British medical staff. There 
can be no doul.t that both existed, but that the former was most common and 
rapidly disappeared on an adequate dietary. This condition is probably not 
due to vitamin deficiency, but to lack of albumin and fats in the food. The 
primarj" effect is reduction in the plasma-protein, and is especially the case 
with deficiency of animal protein which results in a decrease in the plasma- 
albumin fraction vith ever increasing globulin percentage, and oedema takes place 
when the plasma protein level falls below 4-5 grm. per 100 ml. (Himsworth). 

Prognosis. — The tendency to dilatation of the heart is the dangerous 
element in beriberi ; it should always dominate treatment. It is -wonderful 
how rapidly it may come on, and how quickly it may prove fatal. Sudden 
deaths, occurring sometimes from syncope — from instantaneous failure, as 
well as from the somewhat slower process of increasing over-distension— 
are constantly found. An absolutely favourable prognosis, therefore, 
ought never to he ventured, even in the mildest-Iooking case, nor so long 
as the patient is exposed to the conditions causing the disease, or the 
neuritis appears to he active. That is a lesson which is often, and some- 
times painfully, borne in upon the practitioner in beriberi districts. 

Evidences of grave lieart-imj}Ucation, such as pulsating cervical vessels, 
equal spacing of the intervals between the sounds audible on auscultation, 
enlargement of cardiac dullness, especially to the right, epigastric pulsation, 
a rapid feeble pulse, a distended stomach, cold extremities, cyanosis, 
dyspnoea, and a disproportion in the strength of the heart- and wrist- 
beats, are significant of danger. Faralysis of the diaphragm, of the inter- 
costal muscles, extensive serous effusions and very scanty urine are also 
unfavourable signs. 

Vomiting . — Xo one can say when or how soon fatal implication of the 
cardiac nerves and muscle may take place, but vomiting is always an 
ugly and threatening symptom. The Japanese regard it as of fatal import. 
Marked dilatation of the stomach has a similar significance. 

Prognosis is improved if the patient is placed on a non-beriberic diet and 
is treated with full doses of aneurin before the heart-muscle or the cardiac 
or respiratory nerves are gravely degenerated. 

Teeatmbnt 

The first and most important thing is the diet. From this, rice, especially 
white rice, should be eliminated, and some article rich in vitamins — such 
as beans, peas, peanuts, barley, wheaten flour (not overmilled), or oatmeal 
— substituted. Apart from other considerations, rice is a had food for 
beriberics ; it is too bulky. Eggs are valuable sources of the anti-beriberi 
factor, which is not destroyed, even when they are dried. Yeast has 
curative properties ; the extract known as viarmite may be given in doses 
of 1*5 grm. daily. Animal food, including fat and milk, must enter into 
the dietary for general nutritional purposes. The worst cases, particularly 
if there is any sign of serious cardiae implication, should remain in bed : 
hut the mild cases had better spend the greater part of the day in the 
open air. 
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La cardiac cases, with a view to diminishing to some extent the bulk of 
blood in the vessels and heart, the seriously affected patients should take 
little fluid, and keep the bowels free by full and repeated doses of some 
saline aperient. Small doses of digitalis or strophanthus seem to do good. 
Should signs of acute cardiac distress appear, full doses — 3, 4, or 5 drops 
of the 1 per cent, solution — of nitroglycerin are indicated, and intravenous 
injections of ouabaine (a French preparation of strophanthin) , to gr., 
may be given. The dose must be repeated every quarter- “or half-hour, 
and kept up until the threatening symptoms pass away. In suddenly 
developed cardiac attacks, inhalations of nitrite of amyl, pending the 
operation of nitroglycerin, are useful. Should signs of car^ac distension 
and failure persist and increase in spite of these means, there must be no 
hesitation in bleeding the patient, taking, if it will flow, eight or ten. ounces 
from the arm or (this failing for any reason) from the external jugular. 
Often, as the blood flows, rapid amelioration of the alarnung condition 
sets in, and the patient is, for the time being, tided over an acute danger 
and given another chance. The bleeding should be repeated if the alarming 
symptoms recur, as they are almost sure to do. Oxygen inhalations, if 
available, are worth trying in cardiac attacks. Pleural and pericardial 
eflfusions should be sought, and, if deemed to be interfering in the slightest 
degree with the circulation or respiration, drawn off with the aspirator. 

The introduction of vitamin (aneurin or thiamin) as a therapeutic 
agent has entirely revolutionized the treatment of beriberi, and its dramatic 
effects are best observed in the acute cardiac cases when given in big doses. 
Hawes, Monteiro and Smith emphasized that it is in the acute attacks 
which break out without any previous warning that its effects are best 
seen. Wilkinson recommends immediate intravenous injection of 50 
mgm. of aneurin, to be repeated two or three times in twenty-four hours 
until serial skiagrams show that the heart has become reduced to normal 
limits. In moribund patients the injection has been made direct into the 
jugular vein with spectacular success. There are two crystalline prepara- 
tions in use for injection, Betaxan (Bayer) and Benerva (Hoffman, la 
Eoche). These preparations normally contain 2 mgm., but the strong or 
“ forte ” dose is 10 mgm., of crystalline aneurin per ml. 

By the mouth aneurin appears to be less effective. The proprietary 
preparation “ Bemax is widely used. Crystovibex (Parke, Davis & Co.) 
is aneurin in tablet form, and is issued in two strengths, B33 international 
units (1 mgm.) or 2,231*2 international units (6*7 mgm.). Benerva and 
Betaxan are also issued in tablet form for oral administration in doses 
of 1 mgm. each. 

Hawes originaUy showed that active extracts of vitamin B^, when given 
by the mouth, are destroyed in the stomach, but after the injection of a potent 
extract most striking therapeutic effects are noted. In cardiac or oedematous 
cases the patient, even when moribund, at first becomes restless after the 
injection, but no effect is noted in the pulse rate or in the diastolic or systolic 
pressures for an hour or more. If insufficient vitamin Bj has been injected, 
there may be a return of the dyspnoea, sudden coUaj^e and death. In many 
cases, recovery is extremely dramatic. The dosage varies in different cases. 
The reaction is quantitative, and the results become apparent in the rise of 
systolic and diastolic blood-pressures. 
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In advanced paraplegic cases the results of aneurin treatment are by no 
means so satisfactory ; whereas pain and subjective dyssesthesia are 
relieved, the nervous signs take a long time to disappear. In the Par East, 
especially in China, results are disappointing, because patients inevitably 
relapse when they return home and resume their polished rice dietary. 

In the Far East prison camps from 1942 to 1945 Dean Smith found 
that great improvement took place with synthetic B complex mixture 
gjven by injections composed of aneurin 5 mgm., riboflavin 0*2 ingm., 
pyridoxin 5 mgin., calcium pantothenate 5 mgm., and nicotinamide 25 mgm. 
per 1 ml. ; 2-10 mgm. of aneurin intramuscularly brought about improve- 
ment in abont ten daj^s. The dietary was supplemented by bran or rice 
polishings (IJ oz.) and was useful in preventing relapses. 

Breast-fed beriberic infants should be removed from the mother and 
handed over to a healthy wet-nurse, or placed on the bottle. Sometimes 
this is impracticable ; in such cases in the Philippines a preparation of 
extract of rice-polishings, known as “ tiqui-tiqui,” has the reputation of 
being wonderfully efficacious. It is given to the extent of 5 ml. a day in 
20-drop doses every tw^o hours. At the end of twenty-four hours the most 
alarming symptoms disappear, and the child is well in three days. If the 
case is a very severe one, double doses should be given, and the tiqui-tiqui 
continued so long as there is any aphonia. Under modern conditions 
obviously aneurin is indicated. How found that in the most acute cases 
one injection of 5 mgm. aneurin, followed by 3 mgm. by mouth, sufficed. In 
chronic cases oral administration is satisfactory. 

Excretion of aneurin . — The excretion of aneurin in the urine can be 
estimated, with sufficient accuracy to be of clinical value, by the tbiochrome 
method vdthout the use of the fluorimeter. Rapid excretion takes place in 
the first three hours after subcutaneous or intramuscular injection. It is 
suggested that a certain amount of injected aneurin is excreted before 
there is time for it to be stored in the tissues (Marrack and Hoeliering). 

Other measures. — Por the atrophy of the muscles and anaesthesia of 
the skin, faradization and massage should be employed as soon as the 
DQUScular hyperesthesia has begun to subside. Hot-air baths are of con- 
siderable service. Care should be taken that permanent deformity does 
not occur from contraction of muscles. Poot-drop should he counteracted 
by Phelps’s talipes splint with an elastic accumulator, and any other 
threatened defonmty appropriately met. Relapses must not be risked by 
a return to the original diet. 

^ Prophylpds. — In institutions under Government control, or in condi- 
tions in which it can he successfully enforced, there should he a stringent 
rule against the use of- overmilled rice. To legislate against the use of 
white rice in countries in which rice is the staple food would not be politic, 
and co^d only lead to opposition and defeat the object in. view ; hut the 
authorities, by educative methods and in other ways, can do much to 
eia^cate gradually any prejudices there may he among the natives 
against undermilled rice. The committee on beriberi control of the Par 
Eastern Association of Tropical Medicine (1925) urged upon governments 
that, wherever overmilled rice forms a staple diet, steps should he taken 
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to discourage the use of rice from which essential food factors haTe been 
removed ; that safe storage should be provided for undermilled rice ; and 
that the use of accessory foods should be encouraged. 

It is most important that a practical test should be elaborated for rice 
which may cause beriberi when used as a staple article of diet. 

As a prophylactic, marmite^ in small |-oz. cubes, may be taken twice a 
week. Military and other expeditions should be warned that tinned meats 
are notably deficient in antineuritic vitamins and require the addition of 
other foodstuffs to protect against beriberi as well as scurvy. Dried eggs 
are especially valuable, but are too expensive to be used on any extensive 
scale. 

Contrary to the conditions in scurvy, the human body does not appear 
to possess any appreciable reserve store of the antineuritic vitamin upon 
which to draw in a dietetic emergency. A constant supply, therefore, of 
the substance must always be maintained. The moral of this is, that for 
the prevention of beriberi for any population living on a restricted diet, 
such as soldiers and sailors on active service on land and sea, the germ and 
bran of wheat should be included in the manufacture of bread or biscuit 
where the rest of the ration consists of tinned or otherwise preserved foods. 
Diets which contain large proportions of starch and sugar should be supple- 
mented by foods containing ample quantities of vitamin Where maize 
is the staple article of diet the meal should include the germ. 
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PELLAGRA 


Synonyms.-Mal de la Eosa; Mai Rosso; Alpine Scurvy; Asturian 

^ ntflnition and description.— An endemic disease of slow evolution, 
xcWeh is undoubtedly connected with dietetic deficiencies, characterized by 
rcomnlexitv of ner^mus, ahmentary and cutaneous symptoms which make 
tiieir first appearance during the spring months (sometimes the autunm), 
Td recur vear after year at the same season, remitting more or less during 
rte winter months. It is for the most part confined to the poorer classes, 
esneciafly agricultural labourers. The more distinctive features are (a) 
a remitting dermatitis of the exposed parts of the body ; (h) marked 
emaciation ; (c) profound depression alternatmg with_ mama ; (d) a 

terminal confusional insanity. 

Tt is necessary to emphasize the fact that peUagra and peUagrous states may 
overflow the IMts previously assigned to them hy older obse^ers The es- 
neriences of clinicians and neurologists during tke recent war have led to the 
recognition of other syndromes related to peUagra, all of which have, in common, 
a nutritional basis. Therefore multiple deficiencies were frequent. Much of 
this knowledge is at present provisional and the reader is referred to the descnp. 
tions of retrobulbar neuritis and burning feet in the previous chapter. 

Since 1912 sporadic cases of the disease have been reported in the British 
Isles. Many of these fall into the category of what is known as “ secondary 
pellagra.”^ 

Geographical distribution.— Eoirope : Pellagra is found in Northern 
PortugS, in Spain, in Italy, in the south-west of France, sparingly in Den- 
mark and in the British Isles, in the Austrian Tyrol, m Hungary, Croatia, 
Dalmatia, Bosnia, Jugoslavia, Bulgaria, Turkey, Greece, Corfu, Roumama, 
Bessarabia, Kherson, Poland and Transcaucasia. A few cases have been 
reported from Germany. Africa : Algeria, Tunis, Egypt, Sudan, the Red 
Sea coast, Rhodesia, Nyasaland, and among the Kafldrs and Zulus. It 
has also been recognized in Tanganyika, Kenya and on the Gold Coast, 
dsia : It has been reported from Asia Minor, Armenia, Syria, North Behar 
and Deccan in India, the Malay States, the Philippine Islands, Japan, 
China and Korea. An outbreak of pellagra was recorded in Nanking in 
1920, in S'bauqba.i' in 1940, and by French observers in Szechuan. Yu 
reported typical cases in Manchuria. It was especially prevalent 
jirrmng Turkish troops and Armenian refugees in Palestine and Syria during 
the 1914-18 war. America: Canada (since 1914), the United States, Mexico, 
Central America, Brazil, the Argentine, Barbados, Jamaica, and probably 
other ¥est India Islands. Australada : Pellagra has been reported from 
New Caledonia and Australia (Melbourne). 

Pellagra in Great Britain. — ^According to Stannus, the first authentic 
case in Great Britain was reported by Howden in 1866, the second by Brown in 

1 Jcx more detailed infarmatiori the reader is referred to the masterly summary by H. S. Stanaus in 
the TropicaX Dketues BuRetm^ 33, 10-12} and 34, 3. 
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1906, and the third hy Brown and Low from Shetland in 1909. In 1912 a series 
of six cases was investigated by Sambon and Chalmers, and in 1913 Box published 
his two famous cases in St. Thomas’ Hospital. Since then it has come to be 
generally recognized that pellagra is found sporadically in lunatic asylums and 
other institutions, in subjects of general malnutrition. In the statistii s of the 
Board of Control in the period 1913-1918, 45 deaths were noted. In 1922 there 
were 21 deaths, mostly from the Lancashire Mental Hospital, Rainhdll, and 
during the period 1913-1928 there were 104 deaths from pellagra amongst asylum 
inmates. 

Epidemiology and endemiology. — An important epidemiological 
feature of pellagra is the marked fluctuation of its prevalence from year to 
year. Thus, there may be long periods of quiescence, followed by years of 
considerable activity, during which the disease might be looked upon as a 
new invasion. There is no evidence that pellagra is spread hy contagion. 
The sound may associate with the sick and remain healthy. Doctors, 
nurses, and attendants on pellagrins are not known to contract the disease. 
Pellagrous wet-nurses do not infect their charges. 

Associated diseases, such as ancylostomiasis, schistosomiasis, malaria, 
tuberculosis, coeliac disease, idiopatlnc steatorrhcea, sprue, chronic bacillary 
dysentery and syphilis, play a very important part in favouring the 
development of pellagra, in accelerating its course, in modifying and 
aggravating its symptoms, and in determining its mode of termination. 

Season . — Of all diseases with marked seasonal connection, pella^a is one 
of the most striking. The pellagra season varies in different localities, but 
is always the same in the same locality. 

In Europe the disease invariably appears in manifest and epidemic form during 
the spring and autumn quarters, the spring outbreaks being by far the more 
severe, the autumnal recurrence often inconspicuous or lacking. In Egypt, 
according to Chabners, there is a spring invasion in April and May, and an 
autumn recurrence in November. In Nyasaland, according to Stannus, pellagra 
seems to prevail chiefly during August, September, and October, which are the 
spring months in the southern hemisphere, and again, though to a lesser extent, 
in January, February, and March (fall recurrence). In the United States of 
America, owing to the vast extent of territory and great variety of climates, the 
periodical incidence of the disease is necessarily dMerent in different sections. 
In the Northern States, as in Europe, the disease exhibits the usual well-marked 
double incidence, the spring outbreak occurring in May and June, the autumnal 
one in September and October. In the far south the disease may appear as 
early as January, and may be met at any period of the year. In Barbados it 
seems to prevafl more or less from May to October or November. While the 
wide range of pellagra throughout the world might suggest that climate exerts no 
special influence, the very definite seasonal periodicity shows that climatic factors 
play an important, though indirect, part. 

Sex . — Both sexes are liable, but in different places the disease exhibits a 
very different predilection for the one or other sex in accordance with the 
occupations and habits of the people. In the United States it is said to be 
more prevalent in women from 17 to 46 years of age ; the debilitatmg 
effects of menstruation, pregnancy, and lactation are held to be predisposing 
and determining factors. 

— ^Pellagra is a disease of middle age, the majority of cases occurring 
between twenty and fifty. Within the endemic centres children are 
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attacked, and infantile pellagra is common in West and East Africa and 
Southern China (see p. 439). 

Occiifatwn . — The disease prevails most of all among field-labourers. The 
inhabitants of towns, even of those in the very heart of intensely pellagrous 
districts, usually enjoy immunity. Although it has been stated that 
pellagra is rare in the Jewish race, it is quite common in Palestine, where it 
is confined to the poor town dwellers, whilst agricultural labourers for the 
most part escape. 

The flooding of some of the Southern States in America by the over- 
flowing of the Mississippi in 1927 afforded a practical example of the 
dietary factor. Pellagra, though common in these States, depends to a 
great extent on economic conditions. The diet of molasses and cornmeal 
contains very little of the pellagra-preventive factor, and only when the 
financial conditions allow can milk, eggs, etc., be purchased. The failure 
of the cotton crop meant poverty, reduced food, and pellagra. 

Mtiology. — Pellagra was formerly ascribed to the most varied causes, such 
as insolation, poverty, insanitary dwellings, syphilis, irritant oils, bad weather, 
alcohol, garlic, onions, maize. Some regarded it as “ sunstroke of the skin.” 

Sun disease ” was an old popular name, and certainly the skin manifestations 
of pellagra are influenced by the action of the direct rays of the sun: This was 
proved experimentally, first by Gherardini, who varied the limits of the eruption 
by systematically displacing parts of the clothing ; and later by Hameau, who 
obtained differently shaped patches of erythema by means of gloves fenestrated 
in different ways. In smallpox, and also in other exanthemata, light has a decided 
influence, more particularly the actinic rays, on the production of sldn eruptions. 
Although light may influence the eruption in pellagra, this is no adequate reason 
for concluding that insolation is the cause of the disease, any more than that it is 
the cause of smallpox, and in fact other stimuli apphed to the skin, such as 
pressure or exposure to X-rays, may cause the appearance of a pellagrous der- 
matitis. 

Pellagra and maize . — ^The general opinion was that pellagra appeared soon 
after the introduction of maize into Europe, and that it advanced jpari passu 
with the extension of maize cultivation and with the more general adoption 
of the new cereal as an article of food. Eor these and other reasons maize was 
held by many to be the causative agent of pellagra, just as a certain, condition of 
rye was known to be the cause of ergotism ; and, as in the latter case, various 
theories have been propounded to explain the operation of the assumed cause. 

Lombroso and Reflardini, in 1871, first advanced the theory that the prevalence 
of pellagra in Italy was due to the consumption of diseased maize, and their ideas 
subsequently formed the basis for public measures against the disease in that 
country, as well as in Southern Europe. In Lower Egypt, as pointed out by 
Wilson, pellagra is common, as compared to Upper Egypt, and it is in the Delta 
that the proportion of land given over to maize is considerably higher than that 
under wheat, so the distribution of pellagra in that country corresponds to the 
area of maize cultivation. 

Decks in 1912, and Eunk in the same year, suggested that pellagra was a disease 
produced by a deficiency in diet. In 1914 Goldberger and Wheeler fed a squad 
of eleven prisoners on a rich carbohydrate diet deficient in proteins. After five 
months, six developed cutaneous symptoms suggestive of pellagra (the first 
lesions consist^ of an erythematous patch on the scrotum). An experiment in 
the converse direction also proved successful, for, by substituting a rich protein 
dwt fcM* one consisting in great part of carbohydrates, they succeeded in 
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banishing pellagra firom an orphanage asylum in which np to that time pellagra 
had been in evidence. In 1917 Groldberger successfully disposed of the “ Section 
theory ” by obtaining sixteen volunteers who attempted to infect themselves by 
ingesting skin scales and naso-pharyngeal secretions of pellagrins over a period 
of six months. They remained quite healthy. In 1919 the commission which 
investigated the prevalence of pellagra amongst the Turkish prisoners in Egypt 
attributed the cause to a primary deficiency of ‘‘ biological proteins ” (B.P.V.= 
Biological protein value). 

Although epidemics of pellagra are found usually amongst maize-eaters, many 
isolated cases arise under a variety of circumstances. It appears that the true 
cause of pellagra is much more complicated and consists in the disturbance of a 
delicate chemical balance between certain toxins, present in relatively large 
amounts in maize, and some essential dietary factors. Nicotinic acid and trypto- 
phane are two of the latter, but the chemical composition of the poison, or poisons, 
is unknown. Analogues of nicotinic acid can produce pellagra-like effects 
in animals, but it is uncertain whether these are the poisonous substances present 
in maize. The problem of pellagra is therefore an intricate problem of 
biochemical balances. 

The Vitamin B 2 Complex. — Goldberger, who at first believ^ed that an amino- 
acid deficiency was the cause of pellagra, in 1922 obtained evidence pointing in 
another direction. Having discovered that yeast was effective in preventing 
and curing blacktongue in dogs, generally considered to he analogous to pellagra, 
Goldberger and Tanner tried the effect of yeast as a prophylactic in the human 
disease, and found that 30 grm. daily of brewers* yeast gave complete protection. 
This would supply less than 15 grm. protein, and later it was found that an acid 
preparation of yeast, which contained very little protein-nitrogen, in doses of 
15 grm. daily, was equally effective. A PP (pellagra-preventive) factor was 
therefore postulated in yeast and other foodstuffs. As the result of these 
investigations on man and experimental work on rats, Goldberger and his col- 
leagues were able to identify the PP factor with a vitamin in the yeast- vitamin 
complex differing from aneurin in its stability to heat and its distribution in 
foodstuffs. 

It was subsequently discovered that the PP factor was in fact composed of 
elements of the vitamin B complex, the chief constituent of which was nicotinic 
acid or nicotinamide. Modem opinion is that riboflavin (the typical vitamin Bj) 
is concerned in the genesis of several of the more prominent pellagrous lesions. 
“ Ariboflavinosis ” is quite distinctive and has been well describe by Syden- 
stricker. 

Liver and meat contain a high proportion of nicotinic acid and this explains 
the well-ascertained fact that these substances are effective in the treatment of 
pellagra in man^ as well as of blacktongue in dogs. Nicotinic acid and riboflavin 
have been found to he efficacious in the treatment of pellagra (see p. 441). 

Although there can he no doubt that deficiency of nicotinic acid causes pellagra, 
the relation of the disease to the amount of this vitamin in food and the associa- 
tion of pellagra with maize is not yet quite clear. Maize contains less nicotinic 
acid (1-1*6 mgm. per lOOgrm.) than wheat (4 mgm.), but more than rye, millet and 
refined flour. It is possible that the nicotinic acid in maize is, in some ways, 
unavailable. 

The not infrequent occurrence of secondary ydlagra is probably due to non- 
absorption of the necessary vitamins by a diseased or non-functioning mucosa . 

Pathology, — ^The pMithological features essential to pellagra may be obscured 
by complicating diseases, such as bacillary dysentery and tuberculosis. Tbe 
morbid anatomy is neither constant nor characteristic ; for this the ohronicity 
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of the disease, the variety of the symptoms, and the many intercurrent affections 
which may arise are responsible. _ . 

A constant and strikhig feature is the great emaciation. The viscera show 
chronic'degeneratiTe changes, particularly fatty degeneration, and a characteristic 
deep pigmentation. The intestinal walls are greatly attenuated through wasting 
of their muscular coat, while at the same time the mucous lining is hyperaemio 
and, not infrequently, ulcerated. The liver and spleen are usually atrophied. 
The* suprarenal capsules may he atrophied and the cortex may be black, while 
the medulla is whitish and may be the seat of haemorrhages. The heart is usually 
in a condition of brown atrophy and weighs only 2-3 ounces. 

There may be milkiness, thickening of the meninges and sometimes (edema 
of the brain." In the cord the lateral columns and the crossed pyramidal tract are 
especially implicated, but the direct cerebellar tracts usually escape. The 
anterior cornual cells are ffequently atrophied and deeply pigmented. The 
posterior columns do not escape, the median portion often being degenerated. 
The degenerative changes in the lateral columns are chiefly in the middle and 
lower thirds of the dorsal region, those of the posterior columns principally in the 
cervical and upper dorsal region. The cerebro-spinal fluid shows little change ; 
there is usually no increase in the globulins. 

Mott remarked on the changes in the cerebrum, cerebellum, pons, medulla, 
and spinal cord that in none of the sections is there any evidence of meningeal 
or perivascular infiltration with lymphocytes, plasma cells, or polymorphonuclear 
leucocytes. All the changes were like those produced by a chronic toxaemia, 
possibly in the manner already suggested. The posterior spinal ganglia cells 
show, in varying degree, a pronounced chromatolysis, swelling of cells, and 
disappearance of Nissl’s granules, and all the anterior-hom cells and their homo- 
logues in the medulla and pons a varying degree of perinuclear chromatolysis. 
With the Marchi method, degeneration is most definite in the column of Groll. In 
most cases the afferent tracts are more affected than the efferent. There is 
usually marked chromatolysis of the cells of Clarke’s columns. The Betz cells 
of the cortex and the cells of Purkinje showed similar changes, but in a lesser 
degree. There is also atrophy of pyramidal oeEs in that part of the layer which 
lies on the ventricular surface of the fascia dejitata. In shoit, the changes in 
the central nervous system resemble those of central neuritis (Adolf Meyer) or 
of subacute combined degeneration of the cord. Greenfield and Holmes thought 
that the pellagrous changes differed from those of the latter in the absence of 
gross distension of the myelin sheaths. 

Shattuok drew attention to the close setiological relationship between beriberi, 
Xorsakoff’s syndrome, pellagra, central neuritis, and subacute combined degen- 
eration of the cord. 

Ceniral neuritis, which is undoubtedly allied to pellagra, was first described by 
H.H. Scott on sugar estates in Jamaica, and it was subsequently found in Sierra 
Leone and Nigeria. The central nervous lesions are widespread ; the peripheral 
nerves are demyelinated and the posterior root ganglia of the spinal cord show 
degenerative changes. The meduUa, cerebellum, basal ganglia and optic nerves 
are also affected. 

Clinical pathology. — There is hypochlorhydria in 40 per cent., and 
quite frequently aclfforhydria. In advanced pellagra there is usually 
ansemia, which is of macrocytic and hjperehromic type in aboat 50 per cent.: 
microcytic in the other half. The total leucocyte count is not disturbed, 
thou^ there is often lymphocytosis. An indirect van den Bergh reaction 
is usuaMy present in the serum. There is no change in the corpuscular 
fragility ; the plasma albumin is diminished. 
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The faeces are pale, foul, milky, soapy, sometimes steatorrhoeie. The 
urine is generally alkaline and may rapidly become ammoniacal. It 
may also contain tube-casts, traces of albumin and, usually, indican. 
Much attention has recently been dra'vs'n to the excretion of coprop orphyrin 
(porphyrinuria) and speculations have been made regarding its significance. 
Some regard it as indicating faulty liver metabolism ; others as the result of 
abnormal intestinal absorption. As stated by Beckh and Ellinger, it is 
specially found in secondary alcoholic pellagra, but Spies, Cooper and 
Elankenhorn showed that the amount of coprop orphyrin in the urine 
appears to be proportional to the nicotinic acid intake. 

Symptoms. — The cardinal signs of pellagra constitute the well-known 
diagnostic triad : “ diarrhoea, dermatitis and dementia.” The course is 
generally long and irregular, one of repeated exacerbations and periods of 
quiescence. The initial symptoms are composed of mingled psychical and 
digestive disturbances which may recur for years without the appearance of 
skin eruptions. The patient is pale, has a peculiar lifeless staring look, with 
dilated pupils, and complains of headache, giddiness, and vague but often 
severe pains in the back and joints. The sclerae are bluish and leaden 
coloured. The eyelids move sluggishly ; the complexion is muddy. The 
character changes, becoming irritable, and at the same time stupid and 
morose. 

Observations on children in pellagrous families in the United States show 
that many have clinical signs of pellagra. They are below the normal 
weight and height for their years; they make slow progress at school, show 
lack of interest, inability to concentrate and have poor appetites. Their 
hearts are irritable and they may have tachycardia. 

The earliest signs of a peUagrous tendency are difficult to define, as there 
are probably a great many people who suffer from chronic ill-health and are 
really m the pre-pellagrous state. This tendency may manifest itself by a 
peculiar stomatitis with erosions at the angles of the mouth (angular 
stomatitis) (Plate IX). There may also be an atrophic condition of the lips 
(jperUclie) or cheilosis (see p. 43S). The pellagrous process may not 
proceed beyond this stage. On the other hand,* it may be progressive 
and advance to a fully developed syndrome. Then the gums may be 
swollen and bleed easily, a condition which gave rise to the term “ Alpine 
scurvy.” There may be eructations of gas, nausea, and vomiting. The 
appetite is variable. The epigastric region and, sometimes, the lower 
abdomen are tense and painful. Constipation may be present, but in rare 
instances there is diarrhoea of pale fermenting stools resembling those of sprue. 

Tlie 'pellagrous rash — ^Most observers regard the skin lesions of pellagra as 
early manifestations, but they are symptomatic of the underlying con- 
stitutional disturbances. At first a n er^hema, not unKke a severe sunburn, 
is observable on the parts of the body which are, as a rule, unclothed and 
exposed to the sun (Plates VIII, IX). The eruption is symmetrical and 
characteristic. It appears suddenly, first on the back of the hands and feet, 
then on the forearms, legs, chest, neck, face, and, it may be, on the scrotum 
or on the female genitalia, anus and other regions subject to mechanical 
irritation. Patches of erythema are irregular in outline and intensity. 
Yery characteristic is a symmetrical eruption behind the mastoid processes, 
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a ring or collar round the neck (Casal’s neoMace), and a butterfly patch over 
the bridge of the nose resembling lupus erythematosus. The affected area 
is STvoIlen and tense, and the seat of burning or itching sensations ^drich 
become particularly acute on exposure to the sun. The congestion disappears 
completely, but temporarily, on pressure. Petechise are common on the 
affected parts; blebs -with clear, opaque, or blood-stained contents of 
feebly alkaline reaction may form. The eruption usually lasts about a 
fortnight, and is followed by hyperkeratosis and desquamation, which 
leaves the skin rough, thickened, and permanently stained a light sepia. 
This is especially marked on the back of the hands and on the elbows, thus 
constituting recognizable evidence of pellagra. Hyperkeratosis may 
occur on the soles of the feet and as diffuse thickening over the knuckles. 
In severe cases the skin over a large area of the body comes to resemble that 
of a roasted turkey. Ichthyotic changes sometimes supervene and may be 
more intense in winter than in summer. It is on account of this roughness 
of the skin that the disease was originally called “ pellagra ” (an Italian 
w'ord derived fiompelle (skin) and agra (rough) ). 

“ Purpura provocata ” may precede or follow erythema. This has a 
linear distribution. Hsemorrhagic stripes of considerable length have 
been seen, especially after exposure to the sun and after trauma. This 
phenomenon is an indication of the permeability of the blood vessels 
(Simons, 1946) and w^as observed in prisoners of war in Java, 

Stannus has suggested, as a result of the l^ork of Lewis on the blood- 
vessels of the human skin and their responses, that the skin lesions in 
pellagra are due to the liberation of histamine and its action upon the 
blood-vessels, and that the mechanism underlying the affections of the 
mucous membranes is of a similar nature. 

Exposure to light appears to be the precipitating factor. Euffin and 
Smith showed that radiation may evoke not only sldn lesions, but also 
associated oral, gastro-intestinal and neurological manifestations. Since 
injections of porphyrin can sensitize normal persons to sunhght, it has been 
suggested that there may be abnormal porphyrin metabolism in pellagra. 

The burning sensation in the soles of the feet and palms of the hands which 
is such a common symptom in pellagra may be ascribed to the same cause. 

NaturaUy, the appearances of pellagra differ considerably in different 
races. What is an erythema in the European becomes a blackish or 
purplish patch on the skin of a negro. In olive-skinned races pellagrous 
patches assume a sepia colour. 

The pellagrous rash has to he differentiated from Jollicular liyperlxeratom 
or heratosis pilaris, which is common in ill-nourished natives in all warm 
cliinates. Dry, hard or, it may he, pigmented, papules are formed which 
project from the hair follicles as spiny processes. The surrounding skin 
is dry and rough. 

Implication of the nervous system is indicated by tremor of the tongue, 
exaggerated deep reflexes, and mid-dorsal spinal tenderness. Coarse 
tremors of the extremities, especially of the head and the hands, are 
frequently noted and become more marked as the disease progresses. 
Muscular cramps may occur ; definite ankle clonus, spasticity and extensor- 
plantar response are often seen. The patient suffers from obstinate 




Fig, 1. Characteristic inflamed tongue of acute pellagra with 
angular stomatitis. 

Eurly pellagrous rash, with cellular infiltration and pig- 
mentation. 

Fig. 3. — Typical pellagrous rash over occiput and mastoid pro- 
cesses, with formation of rosary’ round neck, 
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sleeplessness, occasionally from uncontrollable sleepiness. He experiences 
great weakness, especially in the lo'wer extremities, and is subject to 
peculiar attacks of giddiness, with a tendency to fall forwards or backwards. 
Chvostek’s sign — mechanical irritability of the. facial nerves — is present in 
the majority of cases. A very characteristic symptom is pyrosis, or a burn- 
ing sensation down the oesophagus (dysphagia). This frequently creates 
the idea in the patient’s mind that his food does not agree with him, or 
even that attempts are being made to poison him. The pupils are dilated 
and there is usually photophobia. The arms may be spastic and movements 
are accompanied by a coarse tremor, which is increased on exertion. 

Sydenstrieker (1941), in a large series of pellagrins, found that spinal 
cord changes were present in 6 per cent, and polyneuritis in 2-3 per cent. 
Spillane observed neurological signs and symptoms in individuals who had 
passed through several relapses. Out of 30 there were pyramidal signs in 
16, absent deep reflexes in 3, reduced superficial sensation and loss of 
vibration sense in others. 

In the early stages the manifestations are mainly psychoneurotic, but 
later polyneuritis may appear, fleneral deterioration of mental and 
physical health may antedate the continued manifestations of the disease. 
Acute mania and confusion may herald the end. Thus pellagra may not 
only produce insanity, but it may result from it. 

After the disappearance of the eruption, atrophic patches of skin remain 
in the interdigital clefts, and these, together with muscular wasting, give 
the appearance of washerwomen’s fingers. The hands, in fact, are aged out of 
proportion to the rest of the body. The nails become atrophied and brittle. 

As a rule, there is no marked permanent elevation of temperature, but 
periods of slight fever occur at irregular intervals. 

Oeiilar changes in pellagra . — The bulbar conjunctiva is oedematous 
showing linear erosions on the temporal side of the palpebral aperture. 
Corneal dystrophy is frequent. Small ovoid opacities lie deep in the 
comeal stroma. Lens opacities are of three types: powder-like opacities, 
multiple irregular opacities, and tongue-like opacities extending horn the 
peripheral zone towards the centre of the lens. All these are associated 
with acute avitaminosis Bg. 

Progress. — Two or three months after onset the symptoms abate and, 
although the affected skin areas remain dark and rough, the disease appears 
to be arrested, l^ext spring, however, the whole series of phenomena recurs 
in a more severe form. The eruption assumes a darker colour. The 
depression of spirits deepens into melanchoha, which may have maniacal 
interludes, with a peculiar tendency to suicide, especially by drowning. 
The general feeling of weakness increases ; the patient loses weight and is 
unable to work ; his gait becomes uncertain and somewhat of the spastic 
paraplegic type. The tongue is tremulous. The pains in the head and back 
become very acute, and there may he lightning pains, cramps, twitchings, 
tremors, and even epileptiform seizures of the cortical type. Diarrhoea 
may now he troublesome. 

For several years the disease may thus recur in the spring with increasing 
severity. The patient becomes greatly emaciated, paralytic, and completely 
demented. Helpless, bedridden, suffering from incontinence of urine and 
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uncontrollable diarrhoea, covered with bedsores, and neglected, he dies 
from exhaustion or from some intercurrent disease. 

The duration of pellagra is exceedingly variable. It may last only two 
or three years ; it usually extends to ten, fifteen, or more. 

Cases difier considerably. The obscure forms are probably much more 
common than the fully declared disease. They were formerly known — 
somewhat incongruously — as pellagra sine pellagra. 


Ariboflavinosis. — The riboflavin deficiency syndrome is now regarded 
as typical of ''pellagra sine pellagra.” The following signs are character- 
istic of it : angular stomatitis^ 



and facial lesions consisting of 
filiform seborrhceic excrescences 
(dyssebacia), varying in length up 
to 1 mm., sparsely scattered over 
the face. The mouths of the seba- 
ceous glands are plugged with in- 
spissated sebum, giving the skin a 
roughened appearance, which on 
the shoulder, arms and legs is Imown 
as plirynodervia or toad’s ^kin. The 
eyelids show dermatitis lesions, may 
be macerated and stuck together. 
Fissures and maceration at the 
angles of the mouth are seen, and a 
degenerative crust-like formation 
on the epithelium of the lips, most 
marked on the lower. The lips, 
particularly the lower, frequently 
show a marked increase in the ver- 


African negro. Characteri^stic facies of tical fissuring (Fig. 61). 

^boflannosis. (Dr. D. Fu^erM ^ 

scribed : the tongue is clean, the 
papillfiB flattened or mushroom-shaped and the colour definitely purplish 
red or magenta, in contrast to the scarlet tongue of nicotinic acid 
deficiency. (Plate XYII.) 


The ocular manifestations are burning, lacrymation, photophobia, 
blurred vision, inability to see in a dim light and visual fatigue. The 
earliest and most common sign is circumcorneal injection and, when viewed 
by a slit lamp, there is marked congestion and proliferation of the limbic 
plexus, with the production of great numbers of narrow capillary loops. 
The lesion progresses to vascularization of the cornea within a week, if 
t^tment with riboflavin is not given. Eventually keratitis is produced, 
sunilar to that associated with acne rosacea, which is also amenable to 
riboflavin therapy. It is probable that ariboflavinosis is also responsible 
for retrobulbar neuritis, which may also be part of the pellagra svndrome 
(566 p. 423). 


clxalitte" appliedby some writers to lesions at the angles of the mouth, 
ahoola be reserved for lesioag on the lips. 
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Other less marked varieties (Formes Jrustes ). — Corldiill and others 
have pointed out that there are quite a number of subclinical cases in 
which physical signs are less obvious, but symptoms appear only after 
undue fatigue. 

In some the nervous symptoms predominate, in others the gastro- 
intestinal ; in others again the cutaneous. Forms of hyperaesthesia may 
occur in different regions of the body, especially the feet fp. 423 j. Ocular 
symptoms, such as ptosis, diplopia, retrobulbar neuritis, amblyopia, 
mydriasis, are not uncommon. The Plummer-Yinson syndrome of glossitis 
and dysphagia, with angular stomatitis, koilonychia and anaemia, in aged 
women, is possibly a pellagrous manifestation." 

Infantile pellagra. — Pellagra in childhood is very apt to be overlooked, 
especially in native races. The children become irritable, their skin and 
hair tend to lose the normal colour and glossiness, and there may be attacks 
of diarrhoea with transient oedema of the hands, feet, and face. After ten 
days or so pigmented patches appear on the skin of the extensor surfaces 
about the ankes, knees, wrists and elbows, and these blackened patches 
appear first where there is any focus of irritation or pressure. Trowel! 
described infantile pellagra in E. Africa as a syndrome of which the principal 
signs are oedema, dermatitis and diarrhoea. Infantile pellagra has also 
been reported in American negroes, from ^fexico, Cuba, Costa Pdca and 
S. Cbna. It has to be distinguished from malignant malnutrition (p. 446 ). 

Pellagra typhus. — In this very acute type there are intense prostration, 
high temperature, muttering delirium, pronounced ner\'Ous tremor, 
generalized rigidity, and convulsions. In extensive outbreaks of pellagra, 
such as occurred among the Turks during the 1914-1918 war, cases of this 
description were comparatively common. 

Terminal stages, pellagrous insanity , — Mental symptoms supervene in 
one-third to one-quarter of all cases. 

It has been estimated that from 4 to 10 per cent, become permanently 
insane. In the United States of America pellagrins have become numerous 
in the lunatic asylums. The type of insanity is usually a most profound 
melancholia with a suicidal tendency ; cases may resemble in their clinical 
features general paralysis of the insane. Epileptiform con\mlsions may 
occur. 

The time of the appearance of mental symptoms is subject to the widest 
variation. They may be primary symptoms, or occur during convalescence. 
The mental aberrations may be characterized by profound dementia, 
hallucinations, and katatonia. As a rule, restlessness, vertigo and in- 
somnia anticipate the characteristic melancholia. In general, the patients 
exhibit anxiety neurosis with depressive features. Pyschosensory dis- 
turbances are common, with intolerance of bright light, colours and noises. 
The patients are fidgety, quarrelsome and irritable. Li spite of increased 
motor drive, they complain of weakness and fatigue. 

Hot only may pellagra lead to insanity, but those insane from other 
causes are very Hable to pellagrous manifestations, (joldberger found that 
in certain asylums in the United States the number of lunatics developing 
pellagra each year was a constant proportion of the total. In England, 
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pellagra has been noted in lunatic asylums since 1913. Watson, in a review 
of the pellagra cases in the Rainhill Asylum, Lancashire, found that at the 
time of onset they had been resident from six months to several years. 

PellagroUrS enceplialopathj has to be differentiated from Wernicke’s 
encephalopathy. In the latter there is nystagmus and ocular palsies. 
A process of acute cerebral disturbances responding to nicotinic acid has 
been described in alcoholics, the aged poor, in persons depleted by illness 
or operation and in certain therapeutic procedures (hydration) . Patients 
vdth stupor, delirium and variable reflex changes respond remarkably to 
the administration of nicotinic acid (Graves, 1947). 

Secondary pellagra. — Pellagra due to voluntary restrictions of diet 
has been recognized by several observers during recent years. Mook and 
Weiss described the typical clinical picture of pellagra in a young woman on 
a slimming diet ; Mumford, Carley and others found it in mature women 
who, for some faddist cult, had been subsisting on an unbalanced dietary ; 
Guthrie, Green, Walker and MTieeler reported similar phenomena in 
patients on a ketogenic regime. It is stated that hyperthyroidism pre- 
disposes to pellagra. 

Pellagra in all its varied manifestations may be associated with some 
organic lesion in the gastro-intestinal tract, such as oesophageal stricture, 
carcinoma of the stomach, pyloric ulcer, pyloric stenosis, carcinoma of the 
ileum, stricture of the rectum, rectal polyposis, suppurating hydatid cyst, 
Ciolm’s disease, chronic amoebic dysentery, cceliac disease, idiopathic 
steatorrhoea, or even tropical sprue. When the avitaminosis follows 
surgical operations, such as partial colectomy, on the gastro-intestinal 
tract or elsewhere, it is known as surgical pellagra, Alcoholio pellagra is 
applied by American observers to the disease in chronic alcoholics, especially 
those who drink methyl alcohol. It has been suggested by Stannus, by 
’way of explanation, that gastritis is the one common factor which supports 
the hypothesis that, primarily, in pellagra the fault may lie in the intrinsic 
factor^ of the gastric juice. On the other hand failure of biosynthesis of 
vitamins affords an explanation for the sporadic occurrence in sufferers 
from chronic gastro-intestinal disease. In this respect it has been found 
that sulphonamides are capable of interfering with the action of certain 
intracellular enzyme systems in which components of the vitamin B 
complex take part. 

A case of acute pellagra with toxic confusional psychosis and skin 
manifestations in a man suffering from tuberculous peritonitis, following 
upon isoniazid (isonicotinic acid hydrazide), has been described by 
McConnell and Cheatham (1952). The dose was 3-5 to 5 ingm. per kg. for 
three months. 

Diagnosis.— -Doubtful cases are occasionally encountered, but localized 
erythema associated with nervous, particularly mental, symptoms, great 
debility, and seasonal recurrence, in a person in or coming from a pellagrous 
district, can hardly be confounded with any other disease. The rash 
may he mistaken for acrodynia, erythema multiforme, dermatitis venenata, 
oc^nm^ solare, trade dermatitis, lupus erythematosus, syphilis, or 
pOiSon-ivy dermatitis. “ Crazy pavement ” skin lesions, which are 
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iTjiiimoii on tlie iegj^ of ill-conditioned natives, are not necessarily 
pellagrous, but are more distinctive of kwashiorkor. The gastro- 
intestinal disturbance and glossitis have to be distinguished frona 
sprue ; while tlie nervous manifestations have to be differentiated from 
hysteria, cerebral syphilis, general paralysis of the insane, ergotism, and 
latlijiism. Ill old people with arterio-sclerotic changes and accompanying 
mental symptoms, there may be lesions of hands and feet which may be a 
source of confusion. Pink disease ” in children may also be mistaken 
for pellagra, as the distribution of the skin lesions is very similar. 

Treatment. — After the end of the 1914-1918 war and the formulation of the 
biological protein theory, many workers, notably Goldberger and Wheeler, noted 
that improvement in the pellagroTis lesions, and even in the nervous involvement, 
followed a liberal dietary rich in proteins and in vitamins. Then ensued a period 
in which liver and yeast extracts, notably marmite, were given an extensive trial, 
but it was generally conceded that, though the therapeutic secret was locked up 
in the vitamin-B complex, vitamin Bj was not the main factor. 

In 1937 Elvehjem, 3Iadden, Strong, and Wooley reported the cure of black- 
tongue in dogs by the administration of nicotinamide prepared from yeast. 
vShortly afterwards Spies, Cooper, and Blankenhorn recorded the successful treat- 
ment of human pellagra cases. These patients were in hospital and received a eon- 
tolled basal diet, upon which alone symptoms had shown no improvement, 
^latively large doses of mcotimc add were given — 10-80 mgm. by injection, or 
200-1,500 mgm. by the mouth within a period of twenty-four hours. Almost 
simultaneously, Fouts, Helmer, Lepkovsky, and Jukes reported the cure of four 
cases of “ alcoholic pellagra ” treated on the same lines, there being improvement 
in the mental condition, stomatitis, and the intestinal disorders, as well as 
cure of the dermatitis. Spies, Bean, and Stone (1938) then published a series of 
73 cases of endemic pellagra and 99 of ‘‘ subclinical pellagra ”, and stated that 
thej’ had not observed a single acute case that had not responded promptly to 
nicotinic-acid therapy. Also, in a special study by Spies, Aring, Oelperin, and 
Stone of 60 cases showing acute mental disorder, improvement was observed 
^thin periods of ten hours to six days after nicotinic acid medication, the daily 
^sage being 500-1,000 mgm. by mouth, or 100 mgm. intravenously. Further 
confirmation soon came from Matthews, who studied 13 cases of classical endemic 
pellagra maintained on a pellagra dietary. These favourable results i n American 
pellagra have received a considerable degree of confirmation in the hands of 
Alport, Ghaligoungui, and Hanna in Egypt, and also of ElEnger, Hassan, and 
Taha (1937). treated 15 cases with nicotinamide (Merck), the dose being 

1 grm. daily by the mouth or 0'5 grm. by subcutaneous injection. On the 
whole, they found that acute inflammation of the tongue and ulceration of 
the mouth subsided in five to seven days, and the sense of taste returned in 
the same time ; in one case colic supervened almc^t immediately, suggesting 
intolerance. Thus nicotinamide effect^ great improvement in the acute mucous 
membrane lesions, as well as in the skin condition ; on the other hand, chronic 
skin lesions, friction areas and chronic changes in the tongue were only slightly 
affected. The appetite, mental condition and general physical health were ail 
improved. Grant and Spies recorded that pfcyalism, Vincent’s infection and 
coproporphyrinuria disappeared, and Hawksley found great change in the 
follicular hyperkeratosis on and around the naso-lahial folds. 

Polyneuritis and other neurological phenomena do not respond to nicotinic 
acid and therefore aneurin has been recommended, but it appears to result in 
increased excretion of riboflavin. There are good reasons for assuming that 
in pellagra there are multiple deficiencies. A high calorie diet of 3,000-4,000 
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calories, with ample supplies of fresh, meat, liver, milk and eggs, supplemented 
by some of the vitamin B complex, such as yeast 1-2 oz. daily, is recommended 


Since the discovery of ariboflavinosis as part of the pellagra syndrome 
most authorities reinforce treatment with riboflavin tablets in doses 
of 1-3 mgni. daily. During the recent outbreak of pellagra in Hong 
Kong Wilkinson found the effects of intravenous nicotinamide injections 
almost dramatic. Patients who were disorientated, rambling in speech 
and unable to co-operate or swallow, became hungry and rational within 
72 hours. (In acute pellagra the blood nicotinic acid was found to be 0*31 
mgm. per cent, and to rise on treatment to 0-55 mgm. per cent. ) In cases 
with rapidly increasing reduction of visual acuity, associated with con- 
centric ^constriction of fields of vision, response to nicotinic acid and 
riboflavin daily changed the vision from 6/60 to 6/9 or 6/6 within a week. 

The evidence that nicotinic acid is a specific cure for pellagra and for the 
somewhat similar nutritional diseases produced by maize diets in dogs and pigs 
(Chiek, Macrae, and Martin) thus appears to be conclusive, and it is now reason- 
able to ascribe the curative value of liver extracts and yeast, formerly observed 
in pellagra, to their nicotinic acid content. Ruffin and Smith (1937) found 
that, whereas crude liver products were effective in relatively small doses in 
canine blacktongue and in peUagra, larger amounts of more purified extracts 
were ineffective. These observations, which suggest that a combination of 
two substances is needed to correct deficiencies in diets which induce black- 
tongue and peUagra, are difficult to reconcile with the curative effect of such 
simple substances as nicotinic acid and nicotinamide. 


The reaction to nicotinic acid in normal individuals is tingling and 
increased warmth over the malar regions and nock. Sometimes nausea 
vomiting, ^ abdominal cramps and urticaria may ensue. Nicotinic acid 
and nicotinamide are now dispensed in a convenient form in tablets of 30 
to 50 mgm. each. In mild eases 50 mgm. is given three times daily (150 
mgm.) for ten to fourteen days, and double that quantity (300 mgm.) in 
more severe cases. The effect upon the pellagrous rash is impressive 
bodium mcotinate (nicotinamide) has the same action, but without any 
unpleasant side effects. Overdosage with nicotinic acid causes some ting- 
ling and numbness of the tongue, and also in the lower jaw along the course 
ot the mfenor dental nerve. Riboflavin in maximal doses (3 mgm.) should 
be added in cases exhibiting signs of ariboflavinosis. The most striking and 
most easily observable effect of this mode of treatment is seen in the 
amelioration of the tongue and mouth symptoms. It has a profound effect 
and^ssirml^*^' ^ po-tient as well as on the processes of digestion 


Treatmmt pnfanhle :pellagra.-amms,n (1946) has proved that gastric 
IS the most satisfactory form of treatment He 
vitamin concentrates and iron 

Significantly diminishes its effectiveness. 

Aring, Gelperin and Bean 
abmitW 60 cases mth mental manifestations to treatment with nicotinic 

Se f (tlie diethylamide of nicotinic acid), 

these eases showed loss of memory, delirium, mania, or depression ; some 
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had a paranoid reaction Recovery took place in all within six days. 
Korsakott s psychosis and manic depressions were not influenced in the 
same way. Coramine is injected in doses of 2-5 ml. daily or bv the mouth, 
to _a total of _0-o0 ml. Those eases with spinal symptoms are sinpilarlv 

resistant to treatment. 

idih allied preparatwns.-Ceitain of the pyridine carboxylic 
acids e.vliibit anti-prflagrous properties. BOls, lIcDonald and Spies found 
that piiazine '--S dicarhoxyhc and pyrazine monocarboxylic acid act like 
nicotinic acid curing glossitis and dermatitis. Vilter and Spies claimed that 

on tbp of pyridine) has a therapeutic action 

on the tongue and mouth symptoms. 

Prophylajds.-—^^ view of the volume and importance of recent re- 
searches m this field, it is evident that the prophylaxis of pellagra is bound 

f e.specially in ensurings well-balanced 
protein dietary. \\ hether pellagra can be prevented bv the prophylactic 

administration of meotinic acid and riboflavin reiiiams to be seen. 



CHAPTEE XXVIII 
SCURVY m THE TROPICS 

Epidemics of scurvy are apt to occur among gangs of coolies and labourers 
who are fed on an unsuitable dietary, especially in natives recruited for 
labour purposes and fed upon dried cereals and preserved foods, who 
previously had been in the habit, in their own villages, of subsisting on large 
quantities of fresh vegetables and fruit such as bananas. 

i?£tioIogy. — Scurvy is a food -deficiency disease. It is produced, not by 
general starvation, but by the absence of an accessory food factor, or vitamin, 
wMcb can now be prepared synthetically and is known as ascorbic acid. This 
body is present in all fresh vegetables, including swedes, turnips, and 
onions, and in fresh fruit, especially the orange and lemon. It is very sensitive 
to prolonged heat and drying, and therefore is absent from tinned fruits and 
vegetables, and from dried legumes such as peas and beans, but re-appears 
directly the latter are induced to germinate. Yeast, fresh meat, and milk contain 
only small quantities of the antiscorbutic vitamin, and, curious to relate, according 
to Chick and Hume, preserved lime juice little or none at all, while preserved 
lemon-juiee is rich in this substance. 

Symptoms.— The onset of scurvy is insidious, with loss of weight, progressive 
weakness and pallor, and a feeling of stiffness in the leg muscles. The gums soon 
become affected with a swelling and sponginess of the alveolar margin. As the 
disease progresses, fungating masses project beyond the teeth, which 
loosen and fall out. The tongue swells, the salivary and lymphatic glands 
enlarge, and the breath becomes very foul The skin becomes dry and 
rough, and very soon subcutaneous petecMse form on the limbs and trunk, com- 
mencing around the hair follicles^ especially on the thigh (Fig. 62 ). Haemorrhages 
occur into the muscles of the thigh and into the knee-joint. Very painful 



Fig. 62. Scurvy rash in sprue, showing distribution of petechia 
round hair follicles. 


effusions under the periosteum form irregular nodes, which may break down and 
ulcerate. (Edema of the ankles is common, and haemoptysis or haematemesis 
may occur. Any injury is apt to cause a haemorrhage. 

Together with these objective symptoms the patient experiences cardiac 
distress, wifh irregulsuity of the pulse and haemic bruits at the apex. The urine 
is generally loaded with albumin. On the other hand, the digestive system is not 
disteirbed, constipation being more common than diarrhoea. The psychical 
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disturbances are pronounced. Headache is noted early, and delirium supervenes 
in the later stages. In the most advanced cases the jaw-bones generally become 
necrotic. 

In the young the formation of a "‘scurvy rosary ” at the junction of the costal 
cartilages, and separation of the epiphyses of the long bones, may occur in a 
variety known as infantile scurvy, or Barlow’s disease. 

Scurvy was fomrierly noted as endemic in the mine-workers on the Rand. 
Darling and others observed that a certain proportion of these cases was distinct 
in a clinical sense from those seen elsewhere. In this variety, known as Itand 
scurvy, the spongy gums and loose teeth that occur in the classical type of the 
disease were absent, while the heart underwent primary hypertrophy, with subse- 
quent dilatation, suggestive of beriberi, though the neuritic symptoms of beriberi 
were absent, and the knee-jerks exaggerated. Rand scurvj’ occurred especially 
among gangs of native labourers when fed upon an unsuitable dietary, particu- 
larly natives from the Congo and tropical Africa, who were in the habit of consum- 
ing large quantities of fresh vegetables and fruits, and who, when in the mines, 
were fed on dried cereals and preserved foods. The number of these cases was 
very large indeed. Donaldson reported that in 1920 more than 200 cases of scurvy 
were treated in one hospital, of which one-third occurred within three months of 
entering the mines. It was found that scurvy in these natives predisposed to all 
kinds of bacterial infections, and especially to pneumonia. Where the diet was 
deficient, but not entirely lacking in vitamin C, actual symptoms of scurvy did not 
manifest themselves, hut such individuals were very liable to bacterial infections 
owing to degenerative changes in the bone-marrow. 

Diagnosis. — ^To diagnose scurvy under modem conditions is no difficult 
matter; but care must be taken to distinguish mild cases from pyorrhoea 
alveolaris. A method of diagnosis in the early stages, especially in children, 
was devised by Hess. The arm-band of a sphygmomanometer is placed upon 
the arm and inflated until the pressure reaches 90 mm., and the venous circulation 
is shut off. This pressure should be maintained for three minutes and then 
released. As soon as the cyanosis fades, an examination should be made for 
the petechial spots which may confirm the diagnosis of scurvy. This test 
depends on increased permeabifity of the capillaiy endothelium. Rott^ intro- 
duced an intradermal test with dichlorphenol-indopheiw^. 

Differential diagnosis has to be from blood diseases such as leuksemxa, 
and essential thrombocytopenia (onyalai, see p. 599). 

Treatment. — ^This is chiefly dietetic. The disease, if recognized early, readily 
yields to a diet composed of fresh fruit and vegetables ; when tbese are unpro- 
curable, fresh meat can be substituted, but is by no means so satisfactory. 

Raw onions are very valuable antiscorbutics, and raw potatoes and swecto 
have a definite curative value. Canned vegetables, except canned tonaatoes, 
are useless. 

For natives, the most valuable antiscorbutic foods are (wange, lemon, and paw- 
paw juice, sweet potatoes, and groMi mealies. Incompletely fermented beer, 
such as the B^ffir be^, made from germinating grain, is said to be of considerable 
value, but this is doubtful- 

Yaiighaa, Hunter and others reported brilliant successes in the treatment of 
scsorvy with ^theiic ascorbic acid. Many eases w^ reported by SchultBer, 
Parsons, BbirriB, Ray, and Szent-Gyorgyi ; 40-100 saagm. of ascorbic acid are 
given intravenously to an adult for ten days with success ; to infants 30-60 
mgm. daily by the mouth for about fourteen days. 

Germinating peas are useful when fresh v^etables are iiiK>btaiixabl6. 
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KWASHIORKOR 

Synonyms. — Malignant Malnutrition, Nutritional Dystrophy. Diboba 
I'Congoj. M'biiaki (Uganda). Depigmentation-oedMne. 

The first clinical description of this common tropical disease of children 
was given in a paper by Procter in Kenya in 1927, but it was Cicelv 
Williams (193BJ who, in the Gold Coast, first gave it its distinctive name 
and described its pathology. The name is derived from the African 6a 
language and signifies ‘‘red man or boy ” which denoted the pigmentary 
changes in the hair. This syndrome appears to be similar to Melilmhr- 

scliaching, a starch or fionr dys- 
trophy, originally described in 
Yienna by Czerny and Keller in 1906. 

It is definitely a nutritional disease 
which leads to damage to the liver, 
pancreas and, indeed in lesser 
degree, to all the intestinal organs. 
The main signs and symptoms are 
oedema, hypoalbuminaemia, hair 
changes, shin changes — diffuse de- 
pigmentation, rashes with hypopig- 
mentation, dermatoses of external 
genitalia, fatty diarrhoea, mental 
changes, lack of resistance to cold, 
anorexia and stunted growth. 

Kwashiorkor does not appear to be 
caused by a single food factor, but by 
multiple deficiencies. Hence the 
association with well-known vitamin 
deficiency is comparatively common. 

Fig. 63.-Kwashiork()r: cedemafous form alterations in food supply 

in a Fijian child of two years. (P.E.G. alter the pattern of the defi- 
Manaon-Bakr.) ‘ ' ciency SO that seasonal incidenoe has 

. _ been noted wherever the disease 

occurs. In the nest Indies the incidence is greatest from January 
to April. In the original descriptions it was emphasized that the 
disease was quite distinct from pellagra, but subsequently there 
were some doubters who thought it might be a form of “ infantile 
pellagra. The age varies in children from six months to four years 
with a high mortality sometimes of nearly 90 per cent, and it is 
pund m neglected children especially after weaning, although Gelfand 
has d^nb^ one m a breast-fed mfant in Ehodesia. Kwashiorkor occurs 
mc^fy m iU-nounshed children in the late breast-feeding, weaning and ' 
post-wea^ ages. He has produced some evidence that it is not due so 
much to lack of proteins, as to a peculiar staple cereal diet. 
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Geographical distribution. — Although the original cases came from 
West Africa, it vas soon recognized by Waterloo in the West Indies, in 
Kenya fan excellent account has been T\Titten by M. Clark (19-51) in 
E. Ajrica?! Med. J/., 6. and by J. F. Brock and M. Antret Bull. 

ir.if.O., i, 1-TF and East Africa in general, Rhodesia, S. Africa, 
Egypt, India fHaiV!, Indonesia ^Oomein. Brazil. Fiji (P. E. C. Manson- 
Bakri. The pathology- of the disease has been Tvell described by Trowell, 
Oillrnan and ( Tillman, and also by Davies in S. Africa. 

Pathology is characterized by an enlarged fatty liver, necnjtic f<K:*i in 
the pancreas and atrophy of the acini resulting in declining of the enzymatic 
activity of the duodenal contents. The fatty infiltration of the liver 
progresses from the periphery to the centre (»f the organ: recovery pro- 
ceeding in the reverse direction. Early fibrosis is sometimes present and 
may lead to lobular and iimltilobiilar cirrhosis. Hepatic cirrhosis of this 
nature is comparatively common in Africans, whilst Waterlow in Jamaica 
has recorded it in a sixteen month old infant. According to workers in 
Africa protein deficiency can produce irreversible damage in the liver 
which leads to fibrosis and eventually to carcinoma of the liver. 

Pancreatic changes have been observed by several workers fCxilhnan and 
G-illman, Hartz, Davies), but the pancreatic fibrosis described by the latter 
in adults is not seen in infants. 

It has been pointed out that those organs most active in handling 
protein are also most \nilnerahle to protein deficiency. These are the 
pancreas, intestinal tract, liver and sahvary glands in all of which lesions 
have been described. Much of the protein utilized by the g?it, pancreas 
and salivary glands goes to the formation of digestive enzymes, the pro- 
duction of which is knovm to be impaired by fatty liver disease. 

Clinical picture is that of a very sick, oedematous, undernourished 
child with depigmented scaly skin, with painful sores at the mucocutaneous 
junctions, mentally, bodily stunted with diarrhoea. 

Hair changes [Acliromitrichia] are almost a constant feature, bat most 
variable. The hairs are scanty, straight, silky to the touch, having lost 
their normal curl. The colour is greatly changed and may be almost white 
with a reddish tinge. These colour changes are usually greatest at the 
sides and back of the head and least on top. The eyebrows are often 
absent. The changes in the hair are the last to return to normal during 
recovery. It takes months for the normal colour, texture and curl to be 
restored. Hughes in Lagos believed that achromilriekia is due to deficiency 
of pantothenic acid. Administration of this vitamin seemed to restore 
normal colour. 

Sldn changes . — Although often most marked this may be slight or 
absent. The skin changes may be divided into loss of pigment and 
dermatoses. The characteristic pigment change results in a pale redchsh- 
brown colour, and is most easily noticed on the face where there is a 
tendency to circumoral depigmentation. Various forms of dermatc^es are 
most numerous. The rash is usually localized at the extensor side of the 
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extremities and, mlien peeling off, leaves a depigmented, often reddish, 
oozing surface, wliicli cracks and is known as “ crazy-pavement ” skin 
fFig. 64 j. Ill severe cases it is well marked over the legs, and in mild 
ones it is best seen over the lumbar region. There is a tendency for the 
skill to break doivn, siihcutaneous septic abscesses form, giving rise to 
deep necrotic ulcers of the skin, indescribable damage (as in the Fijian 
cases) and eventually to keratomalacia and blindness. G-angrene of the 
limbs may ensue also. 

CEiema shows periodic variation. Those with the most marked oedema 
are invariably fatal. Sometimes it is confined to slight pitting of the legs. 



Fig. — Kwashiorkor in a Fijian male child of two, showing characteristic derma- 
tosis, depigmentation and hyperpignientation. (P. JS. C. Manson^Bahr.) 


At others the child may be blown up with massive swelling of the eyelids 
which block the eyes (Fig. 63). The oedema is sometimes deceptive and 
the child looks fat and plump. At others again he is a wizened little oaf 
with sunken cheeks, pot-belly and spindly legs. At this stage with proper 
feeding he may recover. 

The oedema may disappear entirely and then return. 

Marrlma occurs at some time or other in every case, but may be inter- 
mittent. The stools are fatty, soft, semifluid and offensive. The steator- 
rhoea may be so pronounced as to resemble the stools of cceliac disease or 
sprue. ^ An attack of diarrhoea may be the prelude to a fatal relapse. In 
these diarrhoea cases the liver is always enlarged, and the liver edge may he 
palpable, jutting down below the costal margin. 

M&tddf Singes, The kwashiorkor child is dull, apathetic and miserable. 
B mmlf. fereanos or cries, but gives rise to a low and miserable whimper. 
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It rarely resists examination and never fights or screams. It is pointed out 
that 'tt'hen a smile appears on the face the child is on the way to recovery. 

of resistance to cold . — Even in hot weather these children are cold 
and need woollen jerseys and thick blankets to keep them warm. When 
the child is most sick it lies curled in the foetal position. 

Anorestia is constant and is most marked in severe cases. It is most 
important as the child starts to improve as the appetite reappears. 

Stunted groidh . — The fact that this disease retards growth makes it 
difficult to estimate the correct age, which is usually underestimated. The 
oldest child observed in Kenya was seven, but this is exceptional. Here 
the Kikuyu, as also the Eijians, wean their children late, sometimes after 
full dentition has been acquired. In general it may be said that kwashi- 
orkor arises just after a child is weaned, or in children who are late or 
partially weaned. The mortality in African children is never less than 
30 per cent. 

As compared with European growth charts there is divergence. WTiereas 
the w’eight is much the same for the first nine months, from then onwards 
the curve shows the maximum retardation from the second to fourth 
years and does not catch up to these standards by the end of the fifth 
year (Trowell). 

Diagnosis. — Glinicd pathology . — There is usually difficulty in obtaining 
blood for investigation from cedematous infants and this is best obtained 
from the external jugular vein. 

Senm proteins . — The average total protein is 4*7 and the mean serum 
protein content is about 4-2 grm. per cent. The albumin-globulin content 
when the average total protein is 4-17 is 52 per cent, albumin and 48 per 
cent, globulin. Trowell and others confirm that there is an increased 
globulm level. 

Liver junction test with bromsulphalein shows that most patients have a 
value below 10 per cent. 

Blood counts . — The mean haemoglobin content is 9 grm. per cent., 
corresponding to 3*15 million erythrocytes per c.mm. with MOV of 110 
per c.p with SiCHC of 25 per cent. 

Bone marrow biopsy reveals a true megaloblastic bone marrow, and a 
reticulocyte response follows folic acid treatment. Trowell has described 
macrocytie-hyperchromic (dimorphic) anaemia ais the common form. This 
macrocytic tendency may he considered as evidence of deficiency of the 
vitamin Bg complex. 

Liver b^sy confirms the fatty infiltration of the liver in grades I 
and II. 

Foeces . — Most have steatorrhoea and the mean total fat is determined as 
30-40 per eent. 

E^waahiorkor has to be distinguished from hunger oedema, infantile 
pellagitf eceliac diseases. 

Treatment. — The essence of treatment is feeding. No amount of 
vitamins will cure kwashiorkor. It is protein that these children need. 
Maize meal must be avoided. If possible the protein is best supplied in 
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Clark clairns tiie best food is minced meat mashed up with 
ibles, soup and milk, but owing to the extreme anorexia, feeding is 
i easy as iiiiglit appear. The best all-round food for smaller children 
;’s milk when it can be procured. Dried milk preparations are not 
' so satisfactory. The Gilmans have obtained remarkable results 
powdered hog’s stomach (10 grm. daily for 10 days). It produces 
lation of fat from the liver with increased diuresis in 24-28 hours, 
le with dried stomach is also recommended. Blood transfusions 
[. per kg.) into the jugular vein are repeated every day or every other 
>r a week or longer. This helps to build up the protein content and 
air the colloid osmotic pressure which is so important in the reduction 
oedema. It is generally agreed that return to normal dietary should 
tponed till all sjmiptoms have disappeared, and until the liver is no 
palpable. The experiences of Van der Sar in Caira^ao have con- 
. him that too early administration of cereals with a mixed diet of 
d potatoes and vegetables results in a return of the diarrhoea, 
as and biscuits of dextrinized flour mixed wuth w’-hole milk are the 
rticles of solid food to be permitted. Cod-liver oil is recommended 
lya. The w^eight curve and the consistency of the stools fonn the 
mportant guides. 

11 elevations of temperature are usually due to respiratory infections 
3 best combated by injections of penicillin. Extreme oedema occurs 
assu with muscular w^asting; therefore, all patients responding to 
tent lose weight in the first few weeks. 

y infiltration of the liver is always fatal in patients who are not 
l_in time. If it advances to a certain degree the changes are 
sible. Damage to the liver is usually such that, even when the 
b appears to recover, this organ is impaired in adult life. In Africa it 
idered that cirrhosis and carcinoma of the liver may be due to fatty 
tion in childhood. 

ial background. — In Curasao 55 per cent, of kwashiorkor patients 
children of unmarried mothers. The same holds good in liji, even 
uen who have disobeyed the tribal law that pregnancy must he 
d when the child is on the breast. In the West Indies and in Africa 
ber of cases come from homes where there are seven or eight other 
n. 



Section in.— ABDOMINAL DISEASES 

CHAPTEE XXX 

INFANTILE CIRRHOSIS OF THE LIVER 


A SPECIAL type of lirer cirrhosis in Indian children vTas first described by Sen 
(18S7). The disease appears to be jieeuiiar to India, though similar cases have 
been reported from Mexico, Jamaica and North China, Cirrhosis of the liver of 
iinknovTi setiology is widespread in young adults in the tropics, especially in the 
East Indies. 

This disease is pjrevalent in Hindu children. In Calcutta, from lSf)l to 1.S93 
inclusive, infantile biliary cirrhosis — the name given to the disease— caused 1,748 
deaths. Although the Hindu and Mohanimedan populations of that city are 
about equal, as many as 1,610 of the deaths occurred in Hindus, whilst only 80 
occurred among Mohammedans, the balance of the mortality being among the 
Eurasians and other races. The disease occurs principally in children under one 
year, rarely attacking those over three years. K. Rao (I94I| stated definitely 
that it most commonly occurs in children between the ages of six and twenty- 
four months, that it is not found in Moslems or Europeans, and that it occurs 
chiefly in vegetarian families. As a rule, it begins during dentition, or about the 
seventh or eighth month, running a fatal course in from three to eight months. 
In rare cases it may commence within a few days of birth. Instead of lasting 
several months, its progress may he much more rapid, and terminate in death 
in from two to three weeks. In India it is common in Bengal, Madras, Bombay 
Presidency, and the United Provinces ; it is more prevalent in rural districts than 
in towns. 

.etiology. — The cause of infantile cirrhosis is unknown. Neither alcohol, 
syphihs, nor malaria has an}i;Mng to do with it. The children of the wxdl-to-do 
are relatively more frequently attacked than those of the poor. It tends to run 
in families, child after child of the same parents succumbing within a year or two 
of birth. Mukerji remarked that the disease is especially apt to occur in grossly 
overfed and pampered children in Bengal, and has adduced evidence that the 
virus is probably conveyed by the mother’s milk to the child. Green- Armytage 
believed the true setiology to be a deficiency of vitamins in the mother’s diet, 
thus depressing the mammary secretion and the endocrine system of the foetus, 
in overfeeding of the child when bom, and insufficient feeding of milch animals. 
K. Rao, wffio isolated Bact coli from the liver and ascitic fluid, believed that the 
essential factors are cow’s milk and the toxins of BdcL ccU. In favour of this 
hypothesis, he found that the substitution of modem infant milk foods for 
cow’s milk prevents the occurrence of further cases in cirrhosis families. One 
critical instance is cited of mixed twins in which the female on cow’s milk de- 
veloped cirrhosis, whilst the breast-fed male escaped. Himsworth and Glynn 
(1944) have described two types of dietary cirrhosis ; in the first the fibrosis is 
diffuse, following fatty infiltration and is caused by choUne deficiency ; in the 
second it is coarse, follows- massive necrosis and is caused by deficiency of sulphur- 
amind-acids. There also appears to be some evidence that cirrhosis of the liver 
in childhood may be the sequel of fatty liver disease of malignant malnutrition 
or kwashiorkor. 

Pathology, — Gibbons gave an elaborate and most careful account of the 
patholc^cal anatomy of this disease ; he concluded that it is a peculiar form of 
biliary cirrhosis, the consequence of the action on the liver- cells of some irritant 
of gastric origin, which leads to degeneration of the cells in the first instance, with 
subsequent increase of intercellular connective tissue and, later, of the portal 
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s. Tte formation of new bile-ducts between the hepatic cells, which is a 
larked feature, be regarded as evidence of a natural curative effort, having 
object a regenera tioii of the li ver- cells. Green- Army tage called the disease 
?llular hepatic cirrhosis. R. Rao (1935) contributed the most profound 
up to date by the application of the silver impregnation method. He 
ded that the disease is a subacute toxic cirrhosis. On the other hand 
la Rao thinks that it is similar to Lsennec’s or portal cirrhosis. He 
Lsizes the varying degrees of necrosis of the liver cells, the avascular 
itoiis connective-tissue network, and the obliterative lesions of the terminal 
me of the bigger divisions of the hepatic venous tree without appreciable 
^s in the portal and biliary trees. There is also a poor attempt at regenera- 
■ the hepatic parenchyma. 



iptoms. — Commencing insidiously, the characteristic initial enlargement of 
er may have made considerable progress before the disease is suspected, 
course of one or two months the liver has enlarged to the iliac crest. It is 

smooth and hard, and in some 
cases also, the spleen is hyper- 
trophied. Nausea, occasional 
vomiting, sallowness, feverish- 
ness, constipation, anorexia, 
irritability of temper, thirst, 
and languor call attention to 
the child’s condition. Fever 
of a low type sets in; the 
sallowness deepens into pro- 
found jaundice ; the stools are 
clay-coloured; the urine is dark 
with bile, and there may be a 
terminal ascites, \^dth puffiness 
of the feet and hands. (Fig. 
65.) The skin may be bronzed 
almost as deeply as in Addi- 
son’s disease. In five months 
from the onset, ascites and 
oedema of hands, feet and eye- 
lids appear, andin the terminal 
stages (8-10 months) gastro- 
intestinal haemorrhages are 
found. Sooner or later, death 
from cholaemia ensues. The 
leucocyte count varies from 
14,000 to 50,000 in the termi- 
nal stages, the increase being 
due to lymphocytes. The 
accompanying anaemia is 
microcytic. 

Diagnosis. — For scientific 
diagnosis of various forms of 
tropical liver cirrhosis the 
method of aspiration liver 
^ould be introduced (Sherlock, 1946). In jaundiced patients vita- 
L sho^d be given for three days before the puncture is made (5 mgm. 
Oon by the mouth three times daily). With the patient lying 
with the light arm behind the head, a firm pillow should be placed 


5. — Advanced case of cirrhosis of the liver 
i ascites and oedema of the hands and feet, 
tto iaiindice. {After Krishna Rao.) 
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under his left side to tilt his body slightly to the right. The caniiiila of the 
aspirator is 15 em. long and 1 mm. in bore, is fitted with a handled trocar and 
a 20 ml. “ record ” syringe is used. The puncture is made in mid-axillary or 
anterior axillary line in the ninth or tenth intercostal sjmce. The skin, pleura 
and liver capsule are Infiltrated with 2 per cent, procaine. The trocar and 
cannula are passed through the skin and the patient instructed to take a deep 
breath to displace the lung upwards. The trocar and cannula are passed | in. 
into the liver, the former is then withdrawn and the cannula pushed in a further 
4-5 cm. to punch out a cyUnder of liver tissue. The syringe is then attached and 
suction niaintained whilst the cannula is withdrawn. The liver fragment is 
usually found in the barrel of the syringe. If there are any signs of hsemorr- 
hage a blood transfusion must be given. Difficulties may arise in hepatic cirrhosis 
with much ascites. The risk of haemorrhage is greatest in severely jaundiced 
patients. The information obtained from sections is reliable and sections of 
10-20 liver lobules may be cut from the piece removed. 

Treatment. — ^According to Green- Amiyiage, when eases are seen early and 
parents are given the nece^ary instruction, recovery takes place in six to ten 
weeks. Whenever possible, in a family in which several cases of this disease 
have already occurred, the latest baby should be immediately removed from the 
mother and artificially nursed and fed upon milk-foods such as Glaxo, Cbw and 
Gate, Ostermilk and Nestle’s foods. Protein hydrolysate (casein hydrolysate) 
is given in doses of 2-4 teaspoonfuls daily; oranges and tomatoes supply 
vitamin C; small quantities of rice are well tolerated. Choline is administered 
in a mixture 15-20 gr. per dose three times daily. 

Prophylaxis. — The mother must be fed properly in the antenatal and nursing 
periods. When weaning begins, the child should be fed on specially prepared 
infant foods, and 2-3 oz. of fresh fruit should be given daily ; iodized salt (iodosol) ' 
should be added to all food, as vegetables in Bengal are deficient in salts. 
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Synonym .-“Cholera Asiatica. 

Definition —Cholera (XoXj^pota = flow of hile) is an aoute, infectious, 
epidemic disease, characterized by profuse purging- and vomiting of a 
colourless watery material, by muscular cramps, suppression of urine, 
algidity and collapse, the presence of the cholera vibrio in the intestines, and 
by a liigh mortality. 

Geographical distribution. — It is probable that from remotest antiquity 
cholera has been endemic in Lower Bengal and in Central China, and has from 
time to time spread as an epidemic over India. In 1817 it began to extend all 
over Asia, eastwards as far as Peking and Japan, southwards to Mauritins, and 
westwards to Syria and the eastern shores of the Caspian. Stopping short at 
Astrakhan in 1825, it did not on that occasion invade Europe. Since 1830, when 
cholera first visited Europe, there have been at least flve epidemics — 1848-51, 
1851-55, 1865-74, 1884-86, and 1892-95. Minor epidemics have occurred in 
Europe since, but have been restricted. During the Balkan War of 1913, and in 
the course of the 1914-18 war, especially in the Balkans and in Iraq, there were 
many outbreaks of cholera, but the disease did not extend as an epidemic beyond 
the actual seat of war. 

The 1870-73 epidemic practically spared Great Britain, but it crossed the 
Atlantic and, entering by way of Jamaica and New Orleans, raged for a time in the 
United States. 

Prom a study of the march of these epidemics it is to be concluded that cholera 
reaches Europe by three distinct routes — (1) via Afghanistan, Persia, the Caspian 
Sea, and the Volga valley ; (2) via the Persian Gulf, Syria, Asia Minor, Turkey in 
Europe, and the Mediterranean ; (3) via the Red Sea, Egypt, and the 

Mediterranean. 

Epidemiology and endemiology . — Cholera follows the great routes of 
human intercourse, and is conveyed chiefly by man — probably in its princi- 
pal extensions by man alone — from place to place. In India, during religious 
gatherings, hundreds of thousands of human beings are collected together 
under highly insanitary conditions, as at the Hurdwar and Mecca pil- 
grimages. Cholera breaks out among the devotees, who, when they 
separate, carry the disease along with them as they proceed towards their 
homes, infecting the people of places they pass through. The Hedjaz has, 
for the last lOO years, been the point of relay of cholera in its progress 
from the Par East towards the West. During that period there have been 
more than 27 outbreaks. In India cholera appears to spread from its home 
in Lover Bengal over the northern and western, central, and southern 
provinces in a series of waves of two to four years’ duration. Cholera never 
travels faster than a man can travel ; but in modern times, owing to the 
increased speed of locomotion and the increased amount of travel, epidemics 
advance more rapidly and pursue a more erratic course than they did eighty 
years ago. On the other hand, isolated countries, such as the Andaman 
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Islands, Australia, Zealand, the Pacific islands, the Cape Province, and 
the West Coast of Africa, have so far escaped. An epidemic of considerable 
virulence occurred in Celebes (Dutch East Indies i in 1933 and exhibited 
several peculiar features. Cholera broke out in Bengal in 1947 and in the 
autuniii months an epidemic of considerable proportions raged in the 
Delta of Egypt. Centres of less importance are Burma and the Philippines. 

Truly endemic cholera centres are found in J.ower Bengal and in the 
Yaugtse Valley, China. According to Taylor, an endemic area is : — 

(h) one in vliich the total number of months v^dth absence of cholera 
deaths does not e.xceed 30 in 32 years ; 

(b) one in which a break of five or more months in cholera incidence does 
not take place. 

There are two t^^pes of outbreak of cholera, according to whether the general 
water-supply is contaminated or contamination is localized to certain wells, 
cisterns, etc. In the former instance the outbreak is explosive and case.«5 occur 
simultaneously in all parts of the city and disappears again with almost equal 
suddenness. In the Hamburg epidemic of 1892, during a period of only two 
months, cholera attacked 17,000 persons, causing 3,005 deaths in a population of 
600,000. The water-supply of Hamburg was taken directly from the river, while 
the adjoining city, Altona (population 140,000) filtered its water from the river 
by a slow sand process. Although Altona lies further down the river and is 
contaminated with the sewnge of Hamburg, vet the deaths in .\ltona were only 
2*1 per mille as against 13*4 per mille for Hamburg. To illustrate the second 
type of transmission, there is the well-known incident of the Broad Street pump 
in 1 854. This was the first definite proof of the association of cholera with water. 
It was noted that cholera was ten times more prevalent in Golden Square than in 
other parts of London, and increased in the neighbourhood of the Broad Street 
well. The employees of a factory where the well water was used had a large 
number of cases, wMe an adjoining brewer}^ which had a w^ell of its own did not 
furnish a single case. 

Rogers believed that the condition necessary for the spread of cholera 
in India is an absolute humidity of over 0*400, and that by watching the 
climatic conditions which influence the seasonal and annual incidence of 
cholera, increased or epidemic prevalence should usually be foreseen in 
time for steps to be taken to lessen its spread. 

The forecasting of cholera epidemics has therefore become an actual 
possibility. Based upon statistics which have been subjected to modem 
scientific analysis, an outbreak can be predicted two to three months 
ahead. AH the co-efficients of correlation between the measure of cholera 
incidence and other variables to the highest order have been taken into 
consideration. The association of high relative humidity with high 
temperature, accompanied by intermittent rains, forms the most favourable 
atmosphere for the development of the disease, and the presence of en- 
demic centres, from which epidenoics may at any time spring, must also be 
accepted. Indian observers have recently found, on analysis according 
to the periodogram method, that in South India cholera occurs in a 
periodicity of six years. 

In endemic areas temperature and absolute humidity are the main 
determining factors. In Bengal in January, when the absolute humidity 
is low and the temperature relatively so, cholera is at its lowest ebb. 
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A.S tlie temperature rises, so does the cholera incidence until May or June 
when the monsoon sets in; then the humidity rises, but the temperature 
falls, though it shows a minor rise in October as the monsoon subsides 
\Tei, in applying the principles of forecasting epidemics in Shanghai, found 
that cholera tends to occur only when the absolute humidity exceeds 
10 m^. Hg. The combmed study of periodicity of epidemics and 
humidity renders forecasting of epidemics possible. 

There appears to be little difference in the susceptibility of different 
races in the population. Relatively fewer children than adults contract 
cholera, but they are susceptible and usually the disease runs a severe 
course in them. 

P’Herelle made the interesting suggestion that the rise and fall of 
epidemics of cholera may he due to the amount of bacteriophage produced 



Patients in whose stools no bacteriophage appears die of cholera. Those 
eases in whom bacteriophage is strong from the outset, rapidly recover. 

^tiology. Discovery of the comma haciUm, or vibrio . — The cholera 
vibno was first discovered by Koch in Egypt in 1883 ; this discovery he 
confimied m Calcutta in 1884 by finding it in every case of the disease 
Mcanune . His observations have since been abundantly confirmed, 
ogers as recently recounted that in India Surgeon-Major Maonamara 

ye^ before Ko A organisms spread by water many 

De^pitm of tU jMera The comma bacillus (Fig. 66) is a 

^ in length by 0-5 to 0-6 in dfemeterAbout 

flaaelk can K* A'oi- ^ honoe its name. After appropriate staining, 

on! fieqnently) two. These flagella, though of considerable 
length-fiom one to five tunes that of the body of the baciEw— are difficult to 
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see in ordinan" preparations o\ring to their extreme tenuity. They are not always 
present during the entire life of the parasite. They impart very active spirillum- 
like movements. The individual bacilli, when stained, show darker parts at the 
ends or at the centre. Sometimes in cultures two or more bacilli are united, 
in which case an S- shaped body is the result ; or several bacilli may be thus 
united, producing a spirillar appearance. 

The comma bacillus is easily stained by watery solutions of fuchsin, or by 
Loffler's method, dried cover-glass films being used. It is decolourized by Oram . 

The bacillus grows best in alkaline media at a temx)erature of from to 
40’ C. Growth is arrested below or above 42° C. ; a temperature over 
50° C. kills the vibrio. Meat broth, blood-serum, nutrient gelatin, and potato 
are all suitable culture media. It multiplies rapidly without curdling in milk ; 
it dies rapidlj^ in distilled water ; it survives longer if salt be added to the water — 
for instance, 285 days in sea- water. 

In gelatin plates it grows readily as minute white colonies, irregular in shape, 
and granular, with surrounding liquefaction, into which the colonies of vibrios 
sink as into funnel-shaped depressions. In gelatin stab-cultures the growth at 
first is most active near the surface ; later, as growth proceeds along the needle 
track, a finger-shaped liquefaction results, which in time extends to the sides of 
the tube. In older cultures involution forms are common ; they may die out 
after five or six weeks. 

Agar is not liquefied, and in it cultures retain their vitality longer. On 
potato, at 20° to 30° C., the culture appears as a thin, brownish, porcelain- 
like film. In broth some of the bacilli form a scum on the surface ; others, 
falling in masses to the bottom, leave the body of the liquid clear. As a rule, 
the cholera vibrio does not produce haemolysis, if blood be added to the medium 
such as agar, after twenty-four hours’ incubation. The test is best performed 
in a fluid medium by adding varying amounts, from 1 ml. downwards, of a 
three days’ culture in alkaline broth to 1 ml. of a 5 per cent, suspension of goat’s 
corpuscles, and then thoroughly mixing. After incubation for two hours the 
tubes are placed in the ice-chest overnight and read the next day. With the 
solutions of sugars (1 per cent.) usually einploy’ed, the vibrio produces acid, 
without gas-formation, in glucose, mannite, saccharose, and maltose. Fermen- 
tation of lactose, T^dth acid production, occurs two or three days later. The 
cholera -red reaction is obtained by the addition of pure sulphuric acid to a 
culture in 1 per cent, peptone solution. 

Felsenfeld and co-workers recommend Aronson’s medium as the most suitable 
for isolation of the true cholera vibrio in the following stages: — 

(a) Streaking two plates each of alkaline azar and Aronson’s medium directly 
with stools. 

(b) Inoculation of one tube each of alkaline selenite F and Gohar’s alkaline 
peptone broth with the fseces. 

(c) Incubation of the plates and tubes for twenty- four hours. 

(d) On the second day streaking from the tube to an alkaline agar plate and 
Aronson’s medium. 

The true cholera vibrio belongs to Heiberg’s Type I, and ferments mannose 
and saccharose, but not arabinoee. It gives positive cholera red and negative 
Voges-Proskauer reactions ; hut does not produce early hsemolysis of erythro- 
cytes. These characters alone, however, are not enough for more than pre- 
sumptive identification, since some non-pathogenic vibrios have most of them. 
The true cholera vibrio is agglutinated by serum prepared against the 0 variants 
of Ogawa and Inaba strains, and this is the principal means of differentiation 
(Gardner and Venkatraman), 
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Therie t^ro strains have now been isolated from the waters of the Hooghly. 
Panja and Ohosh have shown that brilliant green, malachite green, crystal and 
methylene violets have a selective bactericidal action in intro on these two sub- 
types of J . cliolercp. 

" Until recently a considerable amount of hesitation was felt by many 
authorities in accepting the cholera vibrio as the true germ-cause of cholera. 

Certain organisms, Imown as the paracholera, or inagglutinable vibrios (Finkler- 
Prior and El-Tor), resemble the cholera vibrio minutely. Organisms found 
in fowl cholera, in decomposed cheese, and in river water also resemble it very 
closely, but, as they behave somew^hat differently in the serological sense, they 
must be considered biologically distinct. Cultures of cholera vibrios have been 
swallowed many times by w^ay of experiment, and, although in some instances 
diarrhoea has resulted, in only one case has true cholera been produced. Probably 
for the production of cholera several conditions are necessary, of which the 
comma bacillus is only one. Gastric acidity is an important factor in deteniiining 
infection. When vibrios are ingested they are instantly killed in undiluted 
gastric juice. The difhculty of producing true cholera in lower animals by the 
administration of cholera cultures has exercised the minds of many, especially 
in the days following Koch’s discovery, but more recently cbolera-like symptoms 
have been produced in ground-squirrelsby administering cultures of the organisms 
in alkaline media. 

The exact significance of the non-agglutinating vibrios still remains a matter of 
debate. Doorenbos brought forward evidence that the El-Tor vibrio and 
other vibrios which behave somewhat differently are, in fact, the true cholera 
vibrio contaminated with bacteriophage. Formerly the association of epidemic 
cholera with a haemolytic El- Tor vibrio was not considered possible, but de Moor 
and others in 1938 found that the epidemic in Celebes was caused by a typical 
El-Tor vibrio as shown by its cultural and serological characters. This vibrio 
belongs to Gardner and Venkatraman’s subgroup 0, Heiberg’s type I, and is 
haemolytic to goat cells. The domestic fly is an important factor in determining 
the establishment of infection. ' 

Cktssificaiion of vibrios , — Briefly stated, tw^o main groups of vibrios are 
recognized : — 

Group A . — Cholera and cholera-like vibrios. 

Group B . — Other vibrios. 

The vibrios in these two groups are morphologically similar, but biochemically 
and serologically distinct. Those of the latter group are less active fermentatively, 
but those of the former group are comparatively homogeneous. They have a 
common H antigen, hut a number of 0 antigens which divide it into many sub- 
groups. The important are in 0 sub-group 1, which includes the true non- 
haemolytic cholera vibrio and the haemolytic El-Tor vibrio. Thus the true 
cholera vibrio is non -haemolytic and agglutinated by pure 0 antisera prepared 
by means of the dned heat-stable 0 antigens of the Inaba and Ogawa sub -types. 
In India the haemolytic El-Tor types have not been associated with outbreaks 
of cholera ; in Celebes, in particular, they have been predominant and the only 
suspected organisms isolated from epidemics with all the classical features 
of cholera. There is a group antigen common to all the strains of V. choUrce 
(known as antigen A). Ogawa and Inaba strains, in addition to A, have 
antigens B and C respectively. Other antigens I) to M have also been detected- 
B and C may be present in agglutinable vibrios. For the preparation of vaccines 
all antigens must be present. 

— ^About 13 races of bacteriophage which lyse the cholera vibrio 
have been isolated. They are known as A-N. Two of these only, A and N, 
are selective and act upon the true cholera vibrio only. 
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Toxins . — Filtered cultures of the cholera vibrio have little toxic action, 
the virus being apparently liberated by disintegration of individual 
organisms. Dead cultures, given by the mouth, produce no effect, unless 
the intestinal epithelium is injured. The toxins are mostly destroyed at 
60^ C. ; when ground up and frozen by liquid air, an extract of high 
toxicity to laboratory animals, especially when injected intravenously, is 
obtained. The organism multiphes in the small intestine, and liberates 
an endotoxin which is responsible for desquamation of the epithelium and 
other manifestations of the disease. 

Phan was able to produce the clinical phenomena of cholera in guinea-pigs 
by injecting cholera endotoxin in doses of 0*05-0*l c.c. in the neighbourhood of 
the splanchnic nerves. Similar results were obtained in rabbits by injecting 
doses of 0*2 c.c. 

Vibrios do not apparently produce any exotoxin. The endotoxin results 
from the destruction of vibrios within the bowel lumen. Burrows has 
shown that it is probably a phospholipid which can increase intestinal 
permeability without producing any detectable changes in the mucosa. 
Bumet and Stone have described a mucinase, a tissue-disintegrating 
substance, in cholera \nbrio filtrates. 

Methods of infection . — Infected material is conveyed from sick to healthy 
persons, either by water, food, flies or infected linen. Milk, raw fruit, 
such as dates in Egypt in 1947, vegetables and other oncooked foods are all 
able to serve as media for the transference of the vibrio. Clothing, if kept 
moist, can retain the infectivity for days and weeks. Greig has shown in 
India that, in stools kept in the dark at room temperatures, the average 
life of the vibrio is about eight days, but when dried, it only survives for a 
few hours. In water the vibrios remain viable for a considerable time. In 
reservoir water they live about two weeks, but some grossly contaminated 
streams, such as the Ganges, are unfavourable to their survival. 

Cholera carriers , — Patients who have recovered from cholera may con- 
tinue to excrete the vibrio irregularly for a few weeks, but, as a rule, 90 per 
cent, become free from infection in 14 days and 99 per cent, in a month^. 
The existence of apparently healthy cholera carriers has been recognized, 
and these may excrete vibrios for two months, though the “ carrier state,” 
such as is known in typhoid, does not exist for cholera. Taylor definitely 
states that the convalescent and contact carriers in most cases are free 
from the vibrio five days from the onset of the attack or contact. 

Immunity . — The guinea-pig or rabbit may easily be immunized against 
the cholera vibrio by repeated intraperitoneal injections of killed cultures. 
The serum thus obtained shows marked agglutinative properties in a 
high title to cultures of the organism. Furthermore, this serum, when 
injected into a non-immune animal, has marked protective power against 
even four or five times the lethal dose. When this happens, active bacterio- 
lysis takes place (Pfeiffer’s reaction). The test is performed as follows : 

A ioopftil of a young agar-culture of the vibrio is added to 1 ml. of bouillon 
containing 0-{X)l ml. of anti-cholera serum, and is injected into the peritoneal 
cavity of a young guinea-pig ; by means of capillary tubes inserted into the 

1 According to ShooaJia the maximnin period in Egypt (1947) was 42 days. 
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peritoneum, the peritoneal fluid is examined microscopically eYer5^ few minutes. 
If the original culture was a true cholera vibrio, the organisms break up into 
globules ; '’if not, no change takes place. The inoculation of animals by cholera 
cultures produces an immune serum which is remarkable for its high agglutinating 
power, the titre going as high as 1 in 12,000. Por an agglutination test to prove 
that tibrios isolated from the stools are those of true cholera, a serum of a titre 
of 1 in 4,000 should be used. 

Xewcomers are more susceptible than indigenous inhabitants, but there is 
little evidence of acquired herd immunity being produced in the endemic areas, 
and one attack does not give protection against a subsequent attack. 

Pathology. — Rigor mortis occurs early and persists for a considerable time. 
Curious movements of the limbs may take place in consequence of post-mortem 
muscular contractions. On dissection, the most characteristic pathological 
appearances in cholera are those connected with the circulation and with the 
intestinal tract. 

If death occurred during the algid stage, the surface presents a shrank en and 
livid appearance- All the tissues are abnormally dry. The muscles are dark 
and firm ; sometimes one or more of them are ruptured — evidently from the 
violence of the cramps during life. The right side of the heart and the systemic 
veins are full of dark, thick, and imperfectly coagulated blood which tends to 
cling to the inner surface of the vessels. Fibrinous clots, extending into the 
vessels, may be found in the right heart. The lungs are usually anaemic, dry, 
and shrunken, occasionally congested and cedematous. The pnlmonary arteries 
are distended with blood, the veins empty. The liver is generally loaded with 
blood ; the gall-bladder full of bile ; the spleen small. Like all the other serous 
cavities, the peritoneum contains no fluid, its surface being dry and sticky. The 
outersurfaee of the bowel has generally a diffuse rosy-red, occasionally, an injected 
appearance. It contains a larger or smaller amount of the characteristic rice- 
water material, occasionally blood. The mucous membrane of the stomach and 
intestine is generally pirddsh from congestion, or there may be irregular 
arborescent patches of injection here and there throughout its extent. 

If death occurred during the stage of reaction, the tissues are moist ; the 
venous system is less congested ; the lungs are probably congested and oedema- 
tous, perhaps inflamed. Very probably there are evidences of extensive enteritis. 

Greig has shown that the gall-bladder and biliary passages are frequently 
invaded by the cholera vibrio and that, as in enteric, this viscus may act as a 
reservoir of infection. Occasionally, according to the same authority, cholera 
may be a septicaemia ,* the vibrios have sometimes been demonstrated in the 
substance of the lungs and kidneys, and in the spleen. 

On miseroscopical examination of the contents of the bowel during the acute 
stage of the disease the cholera vibrio, in most cases, may be demonstrated. 
Usually it is in great abundance, occasionally in almost pure culture in the upper 
part of the small intestine and duodenum, but it may be very scarce in the large 
gut. Sections of the intestine show the vibrio lying on and between the epithelial 
cells of viHi and glands. 

On the whole the vibrios are confined almost entirely to the gastro-intestinal 
canal, mainly to the lumen. The cholera endotoxins causes a superficial denuda- 
tion of the epithelium and increases its permeability so that there is great out- 
pouri^ of water and electrolytes with loss of fluid from the tissues and blood. 
The tissue changes could possibly be explaiued by dehydration of the tissues and 
by baemo-concentration and low blood-pressure, which results in temporary 
ischssmia. 

Bannerjee and Ihitta demonstrated focal necrosis in the kidneys with hyaline 
chasQgss aaad sclerotic atrophy. There are also marked changes in the convoluted 
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tubules. On the whole the kidney changes are more in the nature of a nephrosis 
than of a nephritis. 

Symptoms. — Although cholera may declare itself within a few hours of 
exposure to infection, it may also do so at any time up to ten days. Three 
to six days may be set down as the usual incubation period. An attack of 
cholera commences in one of two ways : either it may supervene in the 
course of what appears to be an ordinary case of diarrhoea, or it may come 
on suddenly, without any well-marked prodromal stage. During cholera 
epidemics diarrhoea is unusualh' prevalent. It is a common observation 
that at such times an attack of simple diarrhoea may, after a day or two, 
assume the characters of true cholera. The preliminary looseness in 
such cases is known as premonitory diarrhoea or cholerine and is, in 
fact, a mild form of cholera. Besides diarrhoea, other prodromata, such as 
languor, depression of spirits and noises in the ears are sometimes noted. 

Description of the average case . — '^\^len true cholera sets in, profuse 
watery stools, usually associated wdtl griping pains, and at first fsecal in 
character, pour, one after the other, from the patient. Quickly the stools 
lose their faecal character, becoming colourless or, rather, like thin rice- 
water containing small white fiocculi in suspension. Enormous quantities — 
pints — of this material are generally passed. Presently, vomiting, also 
profuse, at first perhaps of food, but very soon of the same rice-water 
material, supervenes. Agonizing cramps attack the extremities and 
abdomen ; the implicated muscles stand out like rigid bars, or are thrown 
into lumps from the violence of the contractions idue to depletion of 
chlorides and hjpocalcaemia affecting the neuro-muscular junction). The 
patient may rapidly pass into a state of collapse. In consequence princip- 
ally of the loss of fluid by the diarrhoea and vomiting, the soft parts slirink, 
the cheeks fall in, the nose becomes pinched and thin, the eyes sunken, 
and the skin of the fingers shrivelled like a washerwoman’s. The surface 
of the body becomes cold, livid, and bedewed with a clammy sweat ; the 
urine and bile are suppressed ; respiration is rapid and shallow ; the 
breath is cold, and the voice is sunk to a whisper. The pulse soon becomes 
thready, weak, and rapid, and then after coming and going and feebly 
fluttering, may disappear entirely. The surface temperature sinks several 
degrees below normal — to 93° or 94"^ F. ; w’hilst that in the rectum may 
be several degrees above normal — 101° to 105° F. The blood-pressure is 
low. The systolic may register 50 min. of mercury, but is frequently 
unregistrable. The patient is now restless, tossing about uneasily, throw- 
ing his arms from side to side, feebly complaining of intense thirst and of 
a burning feeling in the chest, and racked with cramps. Although 
apathetic, the mind generally remains clear. In other instances the 
patient may wander or may pass into a comatose state. 

This, the “ algid stage ” of cholera, may terminate in one of three ways 
— in death, in rapid convalescence, or in febrile reaction. 

When death from collapse supervenes, it may do so at any time from two 
to thirty hours from the commencement of the seizure, usually in from ten 
to twelve. On the other hand, the gradual cessation of vomiting and 
purging, the re-appearance of the pulse at the wrist, the increase of blood 
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pressure and the return of some warmth to the surface may herald con- 
valescence. In such a case, after many hours’ absence, secretion of urine 
returns, and in a few days the patient may be practically w’ell again. 
Usually, however, a condition known as the “ stage of reaction ” gradually 
supervenes on the algid stage. 

Anuria . — The first signs of anuria are congestion of the mucous mem- 
branes and conjunctivas, malar flush, delirium, and gradual increase in 
depth and rate of respiration. Recovery is marked by the passage of a im 
ounces of turbid, highly coloured urine and this is followed by a ‘‘ critical 
diuresis ” resembling that seen in some cases of acute glomerulo- nephritis. 

Renal failure in cholera has been compared to anuria following crush 
injuries. Tomb claimed that it may be explained by the hypothesis of 
Preeman that collapse of the circulation, as in surgical and traumatic 
shock, is the result of over-stimulation of the sympathetic nervous system. 
This results in dilatation of the capillaries of the skeletal muscles and 
constriction of the dermal and abdominal vessels^ It is suggested that the 
histological changes in the urinary tubules are due to deprivation of oxygen. 
The blood urea is invariably raised and may reach 350 mgm. Anuria may 
persist for 50 hours, and the patient may yet recover. When the patient 
passes 2 pints of clear urine in 24 hours the danger of relapse has usually 
passed. 

The importance of charting the amount of urine, hour by hour, day by 
day, in the reactionary stage of cholera cannot be over-emphasized. These 
data are essential if threatened anuria is to be successfully combated. 

Beaction or cholera typhoid . — When the patient enters on this stage the 
surface of the body becomes warmer, the pulse returns, the face fills out, 
restlessness disappears, urine is secreted, and the motions diminish in 
number and amount, becoming bilious at the same time. Coincidently with 
the subsidence of the more urgent symptoms of the algid stage and this 
general improvement in the appearance of the patient, a febrile condition 
of greater or less severity may develop. Minor degrees in this reaction 
generally subside in a few hours ; but in more severe cases the febrile state 
becomes aggravated, and a condition in many respects closely resembling 
typhoid fever, ‘‘ cholera typhoid,” ensues. These reactions are due to 
denuded epithelial lining of the gastro-intestinal tract, permitting the 
fluid to pass freely so that the toxins are easily absorbed. Acidosis is 
produced by the failure of the kidneys to excrete them. 

During the stage of reaction death may occur from a variety of complica- 
tions— from pneumonia, from enteritis and diarrhoea* from asthenia, or 
from ursemia. 

Hyperpyrexia is an occasional, though rare, occurrence in cholera. In 
such eases the axillary temperature may rise to 107® P., the rectal tempera- 
ture perhaps to 109® P. These cases also are almost invariably fatal. 

In cholera there is a considerable variety in the character of the symptoms 
and in their severity, both in individual cases and in different epidemics. It 
is generally stated that the earlier cases are the more severe, those occurring 
towards the end of the epidemic being on the whole milder. 

(Mft ^ Mft^rajth and, the modem school of physiological thought the maiD factor is renal anoxia 
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Amhulafory cases occur during all epidemics, characterized by diarrhoea 
and malaise merely ; there is never complete suppression of urine, the 
diarrhoea never loses its bilious character, and is not accompanied by 
cramps. The attack gradually subsides vrithout developing a subsequent 
stage of reaction. 

Cholera sicca . — A very fatal type is known as ‘‘ cholera sicca.” In these 
cases, though there is no, or very little, diarrhoea or vomiting, collapse sets 
in so rapidly that the patient is quickly overpowered as hy an overwhelming 
dose of some poison, and dies in a few hours without purging or any attempt 
at reaction. 

Fjije changes in cholera . — Osmotic dehydration in cholera can bring about 
a lens opacity, which, in lesser degrees, is reversible, so far as the physical 
state of the water in the lens is involved. 

Therefore cataract may develop suddenly in the stage of collapse and 
may have a similar osmotic basis to that of diabetes. In cholera loss of 
fluid from the bowel may lead to osmotic dilution of the body fluids, 
including the aqueous, and consequent inflow of water into the lens. 

The ophthalmoscopic changes consist of a wavy gridiron appearance with 
dark lines against a red background, possibly denoting wrinkling of the 
capsule. 

Complications . — The common complications are persisting enteritis, 
diarrhoea, corneal ulcers, cholecystitis and abortion in pregnant women. 
Pneumonia is common in the colder countries, hut rare in hot ones. 
Gangrene of the extremities, penis and scrotum, formerly observed, is 
seldom seen nowadays. 

These changes disappear on rehydration. 

Cliiiical pathology . — On account of dehydration there is often a poly- 
cythaemia and the red blood count often rises to seven millions per c.mm., 
with a disproportionate leucocytosis up to 20,000 per c. mm . with a relative 
mononuclear rise. The sedimentation rate is increased in the great 
majority of cases and mainly in the serious cases, in which the specific 
gravity of the blood- is high, the sedimentation rate lies within normal 
limits. 

With suppression of urine the non-protein nitrogen and urea are raised 
considerably, but return rapidly to normal. There is great reduction in 
alkaline and chloride reserve, with resultant acidosis and retention of 
nitrogenous waste products that further increase renal failure. Thus 
Bannerjee (1941) showed that in an average case 10 grm. of sodium 
chloride may he lost in the vomitus and 85 grm. in the faeces within 
24 hours. 

Dehydration symptoms are mainly due to dehydration and loss of 
chlorides. The similarity between a patient with cholera and one in 
shock is great, but in the latter there is a loss of all the plasma elements. 
The best measure of dehydration is the specific gravity of the blood, 
w^hich may rise to 1064. 

Renal jailure . — ^Hsemoconcentration and circulatory failure through loss 
of blood volume and toxic vasomotorparesis with resultant haemostasis 
will lead to failure of renal circulation. Temporary ischaemia may cause 
irreversible changes in the kidney. 
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The urine, prior to suppression, is highly coloured with high specific 
gravity and a distinct cloud of albumin, but subsequently the first urine 
passed contains a high percentage of albumin, hyaline and granular casts 
with a chloride content as low as 0*1 per cent. 

Sequel® are unusual. Eecovery is generally complete. Occasionally 
there are minor sequelae, such as anaemia, mental and physical debility, 
insomnia, a diphtheritic inflammation of the mucous membranes of the 
intestines, fauces and genitaha, nephritis, different forms of pulmonary 
inflammation, parotitis apt to end in abscess, ulceration of the corneae, 
boils, bedsores, and gangrene of different parts of the body. Jaundice 
occurs at times, and is said to be of the gravest import. An interesting, 
but unusual, sequel is bradycardia. Pregnant women almost invariably 
miscarry, the fmtus showing evidences of cholera. 

The prognosis of cholera is especially had in opium addicts. 

Diagnosis. — During the height of an epidemic the diagnosis of cholera 
is generally easy ; the profuse rice-water discharges, the collapse, the cold 
clammy skin, the cyanosis, the shrunken features, shrivelled fingers and 
toes, the feeble husky voice, the cold breath, the cramps, and the suppression 
of urine, together with the high rate of mortality, are generally sufficiently 
distinctive. But in the first cases of some outbreaks of diarrhoea, which 
may or may not turn out to be cholera, and the true nature of which, for 
ob\dous reasons, it is important to determine, correct diagnosis may not be 
so easy. Control measures should be applied if the clinical evidence is 
suggestive, without waiting for bacteriological confirmation. 

In other forms of diarrhoea it is rare for the stools to be persistently so 
entirely devoid of biliary colouring matter as they are in cholera. 

The detection of the comma vibrio in the stools is regarded as a positive 
indication of cholera. It would be rash, however, to affirm that a negative 
result from bacteriological examination of a single case rules out cholera. 
Moreover, such examinations, to be trustworthy, have to be made by a 
skilled bacteriologist. 

In the first place the stools should he examined microscopically. If vibrios 
are present in large numbers they may be detected by their scintiUating rotatory 
movements in hanging-drop preparations, or by their characteristic shape in 
faecal films stained by carbolfuchsin. Diagnosis may be made : — (a) Inoculate 
several loopsful of stools into a tube of peptone water (1 per cent, peptone, 0-6 per 
cent, sodium chloride adjusted to 8*4). Incubate for eight hours. Take a 
loopfnl and examine ffiesh or stained for Gram-negative motile vibrios ; (b) take a 
loopfiil from the peptone culture and streak on Vedder and Van Dam (hsemoglobin- 
peptone-glycerine andKOH — 8*4), Dieudonne, or Aronson plates for 12 hours. 
Hck out greenish in the first two, or red in the third colonies and confirm that 
they are vibrios ; (c) carry out agglutination tests with standard high-titre and 
anti-0 sub-group 1 cholera serum to exclude all but El-Tor, and true cholera 
vibrios ; {d) in order to show whether haemolytic (El-Tor), or non-haemolytic 
(true cholera vibrio), to a 5 per cent, sheep-blood corpuscular suspension in saline 
add an equal quantity of vibrio emulsion. Incubate at 37 C. and read after 
two hours and again after eight hours. 

The full technique of identification demands a considerable amount of time, 
and as papmptness is the first essential in cholera diagnosis, he it of acute cases or 
of " carriers,** other methods of rapid and more or less accurate diagnosis have 
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been devised. Such a one is Bandi’s method, which consists in inocuJating the 
suspected faeces into peptone water containing agglutinating serum of such 
strength as to clump the cholera bacillus in high dilution. Within as short a 
period as three hours’ incubation, agglutination visible to the naked eye is said 
to be present. This method, when emploj^ed in a large number of cases, 
necessarily consumes a large quantity of immune serum 

In an autopsy on a suspected case of cholera at least two sections of the 
small gut, each about 5 in. in length — one just above the ileocaecal valve, 
the other in the middle of the ileum — should be ligatured, cut off, dropped 
into sterile saline and sent to a bacteriological laboratory as soon as possible 
for examination. 

An agglutination reaction is not obtainable from the blood-serum during 
the acute stage, but it is present after eight to ten days from the commence- 
ment of the disease, reaching its maximum in four weeks ; it may attain 
a titre of 1 in 1,000. 

Taylor made it plain that the question of H and 0 agglutinins is important 
in the diagnosis of cholera, as it is in other intestinal diseases of bacterial origin. 
The H element is present in some strains of true cholera and also in all the 
saprophytic water vibrios. It is affirmed that the O agglutinin is all-important. 
Evidence is accumulating that the 0 groups of vibrios are responsible for most of 
the serious outbreaks of cholera. Therefore, it is important that sera frum 
cholera cases should he tested for 0 agglutinins. 

Differential diagnosis. — True cholera may have to be differentiated 
from mushroom poisoning, which may simulate it very closely, but in 
this instance there is usually a history of several persons having been 
attacked at the same time. Leucocy tosis is absent in food-poisoning though 
usually found during the early stages of cholera. 

Differential diagnosis of cholera from food poisoning is based upon the 
violent and distressing vomiting which precedes the diarrhoea, the severity 
of the abdominal pain and the greenish offensive nature of the stools. The 
urmary flow is never suppressed, whilst the axillary temperature is raised. 

Algid or choleraic suhiertian wwiZaria may simulate true cholera very closely 
(see p. 57) ; acute bacillary dysentery may occasionally be so sudden and 
severe in its onset as to resemble cholera ; acute trichinosis is distinguished 
by ieucocytosis and pronounced eosinophilia ; in arsenical or anUrtiony 
poisoning vomiting, continuous, mucous and often freely streaked with 
blood, is more usually the most urgent commencing symptom. Children 
suffering from cholera are apt to develop hyperpyrexia with cerebral 
manifestations, which may be mistaken for meningitis. 

Tubatmbnt 

During cholera epidemics it is castomary to establish depots where 
sedative and astringent remedies for the treatment of diarrhoea are dispensed 
gratuitously. Chlorodyne in sm^ doses, 10-*15 drops, has been found to be 
of value in allaying the more urgent primary manifestations. 

Sfbgipio TREATafENT.-^ulphaguanidine is tolerated in very large doses. 
That reeoiuineBded m 0-1 gnn. per kffo body-weight, immediately followed 
by 0*05 gim. every four hours. That is to say that a patient of moderate 

^ Aocoff(tigg to m, the Boptiaa epidemic of 1947 diagonafe was greatij laralitated b? taJckig; 
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^ize—^50 Iviios or 110 pounds— should receive an initial dose of 5 grm. 
follov^ed hy 2*5 grin, every four hours until symptoms subside. Forino- 
cibazol may be more effective than sulpliagucanidine (Collier). 

Sadiisk and Osv’ald, from studies on bacterisfcatie and bactericidal 
action on the cholera vibrio, found that sulphathiazole is more active than 
siilphadiazine, sulphaguanidine or sulphanilamide, but the latter are more 
readily absorbed from the intestine and for this reason sulphaguanidine 
is preferable (though 40 per cent, is absorbed). Lahiri recommends 
lower doses of sulphaguanidine than stated above. Extracts of suprarenal 
cortex in the form of eucortone are given intravenously, 2 ml. in 100 ml. 
of 25 per cent, glucose, followed by saline transfusions. 

Kaolin, or “ bolus alba,” as an adsorbent, has been disappointing. It 
consists of kaolin 200 grm. (7 oz.) in 400 ml. of water. 

Bhatnagar, Fernandes and colleagues (1948) announce the discovery of 
a compound, C 21 H 22 O 6 N 6 S 4 (compound 6257). In vitro bactericidal 
action on cholera vibrios is well marked. The compound was originally 
formed from a. condensation product of sulphathiazole and formaldehyde. 
In the field the drug was given to cholera patients in doses of 6 grin., 
followed four hours later by 4 grm., usually by mouth or rectum. As a 
rule the total dosage was 28 grm., of which 10 grm. were given on the 
first day. The mortality was reduced to 4 per cent. It is said that the 
drug has also a certain prophylactic effect. Chloromycetin and aureoinycin 
have been favourably commented upon (Gould). 

Sulsidiary measures.-— "The patient should be kept strictly in the 
horizontal position, in a warm bed, and in a well- ventilated, but not too 
cold room. Thirst should be treated by sips of iced water, soda-water, 
champagne, or brandy and water. Copious draughts, as they are likely to 
provoke vomiting, are usually condemned. It does not follow from this 
that they are harmful ; the emesis contributes to the elimination of toxins. 
Cramps may be relieved by gentle frictions with the hand, hy a small 
hypodermic injection of morphia, or, these failing, by chloroform 
inhalations. 


The surface heat is maintained by hot-water bottles or warmed bricks 
placed about the feet, legs, and flanks. The patient must not be allowed 
to get up to pass his stools ; a warmed bed-pan should be provided for this 
pmpose. The foot of the bed should be raised. All food should be withheld 
wMle the disease is active. 


Maintenance oj biochemical equilibrium.— Tlhese measures are : ( 1 ) Re- 
placement of fluids; ( 2 ) Maintenance of blood and tissue chlorides at 
their natural levels ; (3) The counteraction of acidosis. 

IntramruMs salines,— Yox the stage of collapse, which is due to the loss 
of a large amount of fluid, intravenous injections of salines must he resorted 
n m order to restore the balance. Collapse in cholera does not differ 
tadainentally frona^ that due to haemorrhage, and similar principles 
Qf totment tinderhe both. Intravenous injection of normal saline is 
therefe^ mdieated, but success appears to depend on the introduction 

to four pints may be necessary. Many 
Cox of Shanghai had encouraging results from continuous, 
Frolor^ed, slow intravenous injections of isotonic saline fluid given by a 



TREATMENT 


467 


special apparatus placed 2^ ft. above the level of the patient’s arm. The 
flow was kept up for several hours, at a rate of 2 oz. per minute, as long 
as there was danger from collapse. The modem drip transfusion method is 
preferable (see p. 859). 

The following are the modifications of saline therapj which are 
advocated : — 

Modified Roger's treatment. — Pyrogen-free sterile distilled water should be used. 
(Pyrogen-fiee water — Add powdered charcoal (B.B.H. activated charcoal) in 
proportion of 1 grm. to the litre. Shake thoroughly for a few minutes and put 
aside for charcoal to settle. Keep in stoppered flask.) 


(a) Hypertonic saline : 

Sodium chloride 
Distilled H 2 O . 

(h) Alkaline saline : 

Sodium chloride 
Sodi bicarbonate 
Distilled H 2 O . 

(c) Alkaline hypotonic saline : 

Sodium chloride 
Sodi bicarbonate 
Distilled H 2 O . 

(d) Bicarbonate solution (5 per cent.) : 

Sodium bicarbonate . 
Distilled H 2 O . 


140 gr., or 16 grm. 
to 1 pint, or to 1 litre 

80 gr., or 9 grm. 

180 gr., or 20*5 grm. 

1 pint, or 1 litre 

60 gr., or 6-8 grm. 

180 gr., or 20*5 grm. 

1 pint, or 1 litre 

440 gr., or 50 grm. 

1 pint, or 1 litre 


IndiGoMcms- — During sterilization the bicarbonate tends to be con- 
verted into the carbonate, but Sellards found that this tendency was 
minimized by sterilization in an autoclave connected with live steam at 
7 lb. pressure. 

Intravenous injections should be given to all cases in which there is 
dehydration with a systolic blood-pressnre below 80 mm. of mercury, or 
specific gravity of the blood from 1058-1060. Dp from 1060 to 1062, 
2 pints should he injected ; from 1062 to 1064, 3 pints. 

It is recommended that hypertonic and alkaline saline should be given 
ia proportion of 2 : 1 within 24 hours of onset. Later acidosis is apt to 
develop and then the proportion should be reversed and one part of 
hypertonic saline with two parts of alkahne saline should be given. 

After a further 48 hours acidosis may again become a prominent featme, 
so that alkaline hypertonic sahne should be injected again. If the specific 
gravity of the blood is not much increased the bicarbonate solution alone 
is indicated. 

When the pulse recovers and the patient complains of oppressive pain 
in the chest the rate of transfusion should be decreased and ^ven at a 
rate of 1 pint in 15-20 minutes, but if the rectal temperature is 101® F. 
or above, all intravenous infusions should be given with caution or hyper- 
pyrexia may occur. Ih children Hypertonic saline may be given sub- 
cutaneously, intramuscularly or into the stemuna or tibia. Intraperitoneal 
infusions are contraindicated. During saline infusions, half-hourly charts 
of the rectal temperature should he kept. Should hyperpyrexia supervene, 
ice packs must be apphed and iced water injected per rectum. 
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4 blood-pressure below 70 moi. of mercury indicates a dangerous collapse, 
and a speific of the blood of 1063, or over, indicates a loss of half the 

fiiiid from the Moodf In the acute stage the specific gravity of the blood varies 
between 1060 and 1072, the normal figure for a European adult being 1058 and 
for an Eastern native 1056. 

The spec'ifie gravity of the blood is estimated hy employing a series of small 
bottles of aqueous glycerin with specific gravities increasing by 2° per bottle 
from 1048 to 1070. The specific gravity may be controlled by a urinometer. 
Blood from the patient is dropped on to the surface of the fluid in the bottles 
by a capillary pipette. The drop which remains stationary in the centre of the 
glycerin solution of a given strength indicates its specific gravity. 

In the stage of collapse, anuria often occurs, and every effort must be 
maintained to re-establish the blood-pressure. Pituitary extract, or 
pitressin, is often useful during the stage of reaction, given in doses of ^ 
to 1 ml, hypodermically, two to four times a day. Caffeine citrate, 
5 gr., is useful as a cardiac tonic and as a diuretic; it may be given three 
or four times during the twenty-four hours. Chatterjee (1953) finds that 
avomine, 25 mgin. (promethazine and 8-chlorotlieopliyllene) , 1-2 tablets, 
checks the intractable vomiting and so permits the oral replacement 
of fluid. 

Cholera typhoid must be treated much as ordinary enteric fever. 

In cholera convalescents the diet for a time must be of the simplest and 
most digestible character — diluted milk, barley-water or rice-water, thin 
broths, meat juice, and so forth — the return to ordinary food being effected 
with the greatest circumspection. 

Mortality-rate. — The death-rate for cholera has always been high. In 
former days in India it was seldom less than 70 per cent. In the decade 
ending 1908 it was 54*2 per cent, in Indian and 78*5 per cent, in British 
troops in India. With improved methods of treatment it has declined, 
but is still about 20 to 30 per cent. The death rate m collapsed cases is 
considerably higher, and, even with modern methods, remains about 
65 per cent. Under hospital conditions at present it is about 10 per cent. 
In epidemics it is usually found that the death rate is higher at the be- 
giiming than at the end of the epidemic. 

The prognosis is unfavourable in those over fifty years of age and in 
chiidreo under five. 

Prophylaxis . Qmrmtine prenention. — Theoretically, quarantine 

should be an efficient protection against the introduction of cholera into 
a community. Even if the utmost care, intelligence, and honesty succeed 
in excluding individuals actually suffering from cholera, or likely within a 
reasonable time to suffer from it, there is yet no guarantee that the germ of 
the disease may not be introduced. Convalescent patients may pass 
vibrM in their stools. For the recognition of the carrier state it is 
nee^ry to examine the stools of all contacts. A small dose of calomel 
to etar out the contents of the small intestine greatly increases the chance 
# reeoverkg the specific organism from stools. Ibis is the only scientific 
U wduc&ag a reliable quarantine. 

^yen to sanitation rather than to quarantine. During 
P^t rfpoUs tie sanitary condition of the devotees is looked 
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after as far as practicable, special care being given to provide them with 
good drinking and bathing water. On the appearance of cholera in the 
\icinity of troops in India, special protective measures are promptly 
instituted, elaborate directions having been drawn up for the guidance of 
medical officers. 


Potassium jierinangmHife is the popular disinfectant for wells. The main 
advfiritage lies in its extreme simplicity of applicat ion. Its action on cholera 
vibrios in high dilution appears specilic, but the customary criterion of 
adding permanganate until the water is slightly pink is unsafe, A dilution 
of 1 : 5^J,000, wliich produces a faint purple colour in hltered water, kills 
cholera vibrios in a short time. Tins dilution is obtained by adding J gr. of 
permanganate to each gallon of water, or roughly 1 lb. to each 50,000 
gallons. In a well of 1,768 gallons the amount would be ^ oz. Neither 
permanganate nor bleaching powder should be thrown into the well, but the 
mixture should be made in a bucket, the supernatant iiuid should be poured 
off until the whole amount has gone into solution, then it should be mixed 
thoroughly with the w’ell water by repeatedly lowering andraising the bucket. 

General disinjection oj water supj^lies. — For chlorination the usual rule 
is 1 part in 5 million {chlorine content in bleaching powder is 83J per cent.), 
or 6 lb. of bleaching powder per million gallons of water. 

In the calculation of the amount of bleaching powder, standard solutions 
with distilled water are necessary : (a) 1 : 1.000 solution of powder to be 
used, (b) 10 per cent, potassium iodide solution, (c) 1 per cent, starch 
solution. 

In order to ascertain the volume of water this can be calculated from 
the depth of the water and diameter of the well by the formula Tcr* x depth, 
when r is the radius (J diameter) of the well. The capacity of tanks and 
cisterns is calculated by multiplying the length by breadth by depth of 
water. One cubic foot of water is equivalent to 6 gallons. For this 
purpose five white bowls with 500 ml. of water to be treated are neceissary- 

Take a clean l-ml. pipette and flush with distilled water. With this 
pipette add varying quantities of 1 : 1,000 bleaching powder solution to 
the water in the five vessels. Mix 0*5 ml, 0*7, 0-9, 1-1 and 1*3 to first, 
second, third, fourth and fifth bowls respectively- Stir the mixture in 
each bowl with a clean glass rod, commencing with the bowl containing 
the least amount of chlorine solution, going to the one containing the 
next smallest, and so on. Allow to stand for at least one hour. Then 
test for free dilorine by adding to each bowl about 1 ml. of 10 per cait. 
potassium iodide solution and 1 ml. of freshly-prepared starch solution. 
Mix well and into the first bowl that gives a faint blue colour. Note the 
amount of bleaching powder solution that was added to that particular 
howl and multiply by The result gives the number of bowls of 
bleaching powder required fm: 1,000,000 ^Hons of water. To this figure 
add § Ib^ For example : The third bowl is the first to give the faint blue 
col^jur, th^ 0-9x20 = 18 Ib. 3 lb» == 21 lb. In the case of a well 
contaming 1,TS8 gaHons of water, the amount would be - 


1,768 X (18+^) lb. 
ijmjm ^ 


; 0-087128 lb. = 0-^ gr., or 17 grm. 
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Haffhine's imculaiion.-Dnxmg the 1914-1918_ war maay millions of 
anticholeraie inocuiations were made. The mitral dose is ml. of an 
eniukioii of 4 000 millions, followed seven to ten days later by a second 
inoculation oil ml. containing 8,000 millions. Experience has shown that 
ovHii'lan-^er doses can easily be tolerated. Local reaction is, generally 
speakinf'^rerv mild. There may be oedema and a pamful mfiltration at the 
site of the injection, rarely followed by systemic disturbance. 

" Several strains of cholera -vibrios are used. They are inoculated into Roux 
bottles containing “pea-extract agar” and grown for forty-eight hours. The 
growth is washed off with normal saline, and the emulsion counted, with dark 
Sround illumination. The emulsion is then heated to 56° 0. for one hour, after 
which 1 per cent, carbolic is added. The emulsion thus sterilized is finally 
diluted down so as to contain 8,000 million vibrios per ml. of saline and 0-5 


per cent, carbolic. • . j. i . • 

The inmmiiity thus produced does not soem to ho vory peisistont, lasting 

at the maximum for three or four months. 

Experience, particularly that obtained during the Balkan War in 1918, 
in Batavia in 1915 and 1916, and in the 1914-18 war, has gone^ far to 
confirm the earlier impressions of the value of Haffkine’s inoculation. 

In India from 1905-1916 the annnal number of deaths attributed to 
cholera was never less than 300,000. Epidemics of cholera are readily 
controlled by vaccine w’hen inoculation is made compulsory ; thus, when 
this disease was introduced into Korea from China in 1926, the outbreak 
was promptly brought to a close by the inoculation of more than one 
million persons. 

The outbreaks of cholera in Egypt in 1947 offered an opportunity of 
estimating prophylactic value of cholera vaccine. It was shown that 
villages, in which inoculation was carried out before cases of cholera had 
occurred, showed a lower incidence and ease mortality than those in which 
inoculation was commenced after the ont break. 


Personal pro2)kylaxis , — During cholera epidemics great care should be exercised 
to preserve the general health ; at the same time, anything like panic or appre- 
hension must be sedulously discouraged. Visits to cholera districts should 
he postponed, if possible, seeing that the newcomer is especially liable to the 
dismse. Unripe fruit, over-ripe fruit, shell-fish and food in a state of decom- 
position should be avoided^. All drinking-water, and all water in which dishes 
and everything used in the preparation and serving of food are washed, should 
he boiled. Mere chlorination of the water with bleaching powder (CaOCl 2 ), 
giving 1*8 parts of chlorine per million, or added to water in the proportion 
of 2 grm. of the powder to every 110 gallons, is not entirely reliable. Sodium 
hisnlphate tablets (2 grm, to If pints of water), by liberating sulphuric acid, 
provide a most useful method of sterilizing water for personal use, as for instance 
in a water-bottle. Eilters — except perhaps the Pasteur-Chamherland — are 
not for the most part to be relied upon ; in many instances they are more 
llfoly to contaminate the water passed through them than to purify it. A 
good in a household, or in public institutions, is to provide for drinking 
an abundant supply of weak tea or lemon decoction, the supply being 
penewed dally ; such a plan ensures that the water used in the preparation of 
the dililt hM bera bodied. All food should be protected from flies- Diarrhoea 
ehol^^a epidemics should be vigorously treated. 


* to awAa fit© ctoI^OTa -vibrio carniot be recovered from aay article of food after a 

m la Mi ctens braiis it is immediately destroyed. 
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THE DYSENTERIES AND LIVER ABSCESS 

Three type? uf dyst-nteiy, correlated to three specific and, zoologically, 
widely separated parasites, have now been definitely established. 
Th(jugh of a totally distinct letioLjgv they are not mxitually exclusive, for 
one type may be superimposed upon or complicate another; moreover, 
any, or all of them, may be implanted on some general disease, such as 
malaria or typhoid. The term “ dysentery *' denotes a symptom -complex, 
hut does not indicate any particular disease of distinct aetialug}\ It is 
most important that a sane and critical vie'w should be taken on this 
difterential diagn<jsis of the dysenteries as there are many pathological 
conditions of the intestines which may give rise to a discharge of blood 
and mucus, but which are unconnected with any parasitic infection. 

The principal forms of dysentery and their respective parasites are as 
follows : 


L BACTERIAL— 

The Bacillary dysenteries : 

Shigella dysenterice — Schmitz, Flexner, Newcastle and 
Sonne bacilli. 

11. PEOTOZOAL- 

Amosbiasis — ^Amoebic dysentery. Liver abscess, etc. 
EntamoBba histolytica. 

Balantidial dysentery : 

Balantidium colu 

III. HELMINTHIC— 

Bilharzial dysentery : 

Schistosoma [Bilharzia) mansoni^ S. hcematobiumf S. 
japonicum. 

Verminotjs dysentery : 

(EsopJiagostonium ajnostom uni and (E. stephanostomum . 


L BACILLAEY OE EPIDEMIG DYSENTERIES 
Ekiri — J apanese 

Definitioii.— Acute epidemic diseases due to invasion of the mucosa 
of the large intestine by specific bacilli {Sh. dysenterks, Schmitz, Flexner, 
Newcastle or Sonne). Pyrexia, sj^ptoms of toxic absorption, and the 
discharge of blood-stained mucus in the stool usually occur. In severe 
cases coagulation necrosis of the mucosa may take place and quiekty lead 
to death. In the milder forms the c&mai symptom may be a simple 
diarrhoea. 
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GeograpMcal distribution.— Epidemics of bacillary dysentery are 
liOtii in the tropics and in temperate countries. At present 
Midi efiideiriics are of ,i][reater intensity and frequency in those countries 
ill which insanitaiT habits and more primitive conditions lend themselves 
t< ) the spread of disease. In mediaeval times bacillary dysentery epidemics 
10 have been imieli more widespread and virulent at a time when the 
saiiitary conditirjiis were more akin to those prevailing among 
pririiitive tropical natives. In Europe, bacillary dysentery is mainly an 
institutional disease, occurring not infrequently in lunatic asylums, prison 
camps, and military barracks. In the Gallipoli campaign (1915) it was 
responsible for the Viajority of the 120,000 medical casualties evacuated 
at that time. Sonne dysentery has been widespread, especially in children, 
during recent years, in winter time, in England, Europe and America. 

Epidemiology.— Ill the tropics and subtropics bacillary dysenteries 
appear to observe a definite seasonal incidence. They are certainly 
prevalent during the rainy season and for a short subsequent period, but 
mostly in the autiinm months, whilst minor epidemics may also occur 
in the early spring. During the hot dry African summer they are in 
abeyance. Epidemic dysentery is associated with the rainy season in 
the tropics for the following reasons:— The rains deter people from 
defaeeating at a safe distance from the village ; waterlogging of the soil 
prevents the haeilli from dymg out ; people are more liable to chills, which 
often cause an acute attack; natives crowd together, a tendency which 
increases the chances of infection, together with increased risk of pollution 
of water supplies. The infection, as a rule, spreads rapidly from man 
to man. 

Bacillary dysentery has always been a scourge of war. That bacillary 
dysentery was the predominating form in every epidemic of war dysentery 
was pointed out by the Editor and many others. During the 1939-45 
world war, though bacillary dysentery was prevalent in the earlier stages 
in the Middle East, yet it was milder in type and eventually, owing to 
specific treatment with sulphaguanidine, it became quite unimportant. 
In the European theatre it was hardly in evidence at all. 

THreci contagion by fmces occurs, as a rule, among primitive communities 
in which the ordinary sanitary observances are either unknown or dis- 
regarded. The spread of dysenteries in lunatic asylums and Indian bazaars 
is attributable to personal habits which lend themselves to dissemination 
of infection. Contamination of food by the soiled hands of carriers, 
specially Army cooks, and contamination of vegetables by employment 
of human nightsoil as a fertilizer are also possibilities to he reckoned with. 

Iniired contain, (a) EZfcs.— There appears to be little doubt that' 
houseflies (If iomestica) commonly act as carriers of the infection. The 
»»nal incidence of bacillary dysentery corresponds in a remarkable 
with the marimum prevalence of these pests. In 1910 the Editor 
temotetrated Shiga dysentery bacilli, in considerable numbers, in the 
tract of houseflies in an endennc area in Fiji. The housefly is 
dysenteric infection, firstly by regurgitation preparatory to 
fewS3^'©ii and secondly (probably more commonly) by its faeces. 
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The iiiiiiortaiic- o( the insect in the spread of the bacillary dysenteries can 
therefore be iiriderstood. This work was confirmed by Stewart (1944) 
who foimcl, in North Africa, that houseflies could cany virulent dysentery 
bacilli fur as long as days. 

fhf Water acts as a medium of infection, especially in Indonesia and 
Malav States. It has been showm that the bacillus can survive in 
drinking-water for over thi-ee weeks, but not for long when exposed to 
the sun, or when associated with putrefactive micro-organisms. 

icj liiJk.—Several outbreaks of Flexner and Sonne dysentery m southern 
England and in Europe have been ascribed to contaminated milk. 

(d) Food. — Sonne dy^sentery is a food infection and should be classified 
among the group of food-poisonings. One of the largest outbreaks in 
London in 1938 was ascribed to eating “ pease pudding.” 

(e) Suscepiibilitu of tlie individual. — New arrivals in the tropics are 
liable to this form of dysentery, and small children are specially so. 
Patients whose resistance has been undermined by intercurrent disease, 
such as malaria, pellagra and tuberculosis, are apt to suffer severely from 
terminal bacillary dysentery. 

if) Carriers (see p. 484). 

^Etiology. — Shigella dijsenterice was discovered by Shiga in 1898, 
confirmed two years later by Kruse in G-ermany. It has therefore been 
known on the Continent as the Shiga-Kruse bacillus. 

Shiga’s bacillus is a rod-shaped Gram -negative organism, 1 to 3 ^ in length by 
0*4 g in breadth ; it is non-motile, and often exhibits very active Brownian 
movement. Vedder and Duval have demonstrated numerous lateral flagella of 
great tenuity. On agar and gelatin it grows as a thin smooth film with regular 
margins, and on MacConkey plates its colonies much resemble those of the 
typhoid bacillus ; they are regularly round, light-blue and dew-like. It produces 
no liquefaction of gelatin, and grows as a transparent, almost invisible, layer on 
potato. With solutions of the sugars (see Table YII, p. 473) it produces acidity 
in glucose, but is inert in the rest of the series and does not produce indol in 
peptone water. The organism is agglutinated in high dilutions by the serum of 
patients suiFering from the disease. It occurs in considerable numbers in dysen- 
teric lesions, and in the mucous stools of the corresponding period of the disease. 

A variety of Shiga’s bacillus (resembling that organism in its sugar reaction, 
bui forming indol and not agglutinating with Shiga-immune serum) is known as 
Schmitz’s bacillus and has been shown to be of considerable importance in the 
Blicidle East- (This organism is identical with F, ccmbiguiciTi of Andrewes.) 

Para-Schmitz organisms allied to, but antigenicaUy distinct from, type form 
small discrete, smooth colonies on MacConkey’ s agar. 

Cdtures of Sh, shigm are toxic to laboratory animals, especially rabbits, 
hut in these animals they do not produce lesions characteristic of dysentery, 
thou^ filtered toxins, when injected intravenously, cause necrosis of the 
pncosa of the large intestine. In two experiments in man, one 
intentional, the^ other accidental, ingestion of pure cultures was followed, 
within a short time, by well-marked symptoms of dysentery. 

(the Mexner-Boyd group). — ^In 1900 an organism morpho- 
to Shiga’s haciHus, but differing in the production of acid from 
wwnfe w wdl as ^ucose, produeing indol from peptone somewhat irregularly, 



.ETIOLOGY 


475 


and inagglutinable with Shiga-immune serums, was isolated by Flexner from cases 
of dysentery in ^lanila. From the work of Andrewes and Inman on a very large 
number of strains of Flexner — the rn'innite-fermenting group — it can be definitely 
stated that the organism does not adhere to one constant type, as does Sh. 
skigos, but differs greatly in the toxicity of the various strains and in their 
antigenic properties. Eoyd (1938) in a study of antigenic variation among 
mannite-fermenting dysentery’ bacilli suggests that loss in culture of type-specific 
antigen, which is not shared by other members of the group, is associated with 
an increase, real or apparent, of non-specific group antigen. It seems probable 
that available cultures of the historical Hiss and Russell Y are degenerate variants 
of an original W strain, and that an Indian strain, 103A, is the type-specific 
Flexner-Y. This has been found to be fairly common, both in the Tnited 
Kingdom and in other parts of the world (Vs, il. Scott, quoted by Boyd). This 
work emphasizes the great importance of using tjqje-speeific suspensions in 
diagnostic agglutination tests. Stock Plexner-Y strains may on these grounds 
be almost or quite devoid of type-specific antigen. 

The Newcastle bacillus, first recognized as a cause of dysentery by Clayton and 
Warren, corresponds to Boyd's No. 88 {see Table VH). It has now been found 
in other parts of England, India and Nigeria. Owing to the fact that it forms small 
quantities of gas in solution of the sugars and is motile on first isolation, it 
frequently escapes detection. 

Sonne's bacillus (Shigella sonnei)^ which ferments lactose slowly, is responsible 
for outbreaks of enterocolitis in Egyq>t and elsewhere (Perry), and may produce 
symptoms of food poisoning resembling those of the SalmoneUa group. I^e 
importance of this infection has been recognized in England and in America 
during recent years as a cause of dysentery and diarrhoea of definite seasonal 
occnrrence, especially in children. The colonies of this bacillus tend to assume a 
much more crenated outline than do those of the Fkxner type, but are usually 
larger than those of Shiga or Elexner on MacCohkey’s medium. Cultures of 
Sh. sonTiei are not agglutinated by standard Flexner or Shiga sera. When 
titrated against a specially prepared Sonne anti-serum, agglutination to full titre 
occurs. Often, however, when fi:eshly isolated, the bacillary emulsion is in- 
agglutinable, but will abstract the agglutinins from Sonne semm by absorption. 
On MacConkey’s medium, Sonne colonies frequently show a small central point 
of acidity on a somewhat opaque background. This bacillus is indol-negative 
and xylose-negative. It ferments glucose and maunite in twenty -four hours, 
and lactose and saccharose after some days. Serological varieties and strains are 
now recognized. Though not so toxic as Sh. shigcpt Sonne’s bacillus, when 
injected into rabbits, may produce sudden death. 

Dysentery bacilli can usually be isolated from the intestinal canal and 
the mesenteric glands. The organisms have also been obtained from 
the blood-stream, gall-bladder and joint-effusions. Selective cultivation 
media, especially for Flexner and Sonne bacilli, have been introduced to 
render their isolation easier. The best is Leifson’s desoxycholate-citrate 
medium (Haynes’ modification). 

Apparently both Shiga and Plexner bacilli are encountered in sporadic 
cases, and some in epidemics, without a preponderance of any 
one particular type. Shiga’s bacillus is more frequent in the tropics 
than in temperate zones, is responsible for the most severe clinical forms 
of the disease, and consequently for virulent epidemics. 

■ Taxans. — ^The O fcunns of Sh. skigcs contain both exo- and endotoxiiis. The 
former is insoluble in dilute trichloracetic acid, whilst the endotoxin can be 
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precipitated from ^-atery solution by means of alcohol or acetone after removal 
of the acid bv dialysis, yielding 10 per cent, of dry weight of the organisms. 
There are said to be two endotoxin fractions which are distinguishable by their 
nitror'OT content and toxicity. Adsorption is effected by aluminium hydroxide. 
The e'lidotoxin appears to be a large molecule complex of phospholipoid-carbohy^ 
drate-poivpeptide. The chemical properties of the exotoxin are those of a 
protein “it is thermolabile and its capacity to combine with antitoxin can be 
measured bv its flocculation reaction. Formolized toxoid can he prepared from 
it but not from the endotoxin, though exotoxin can he concentrated by 
ammonium sulphate fractionation. The properties of difPerent dysentery toxin 
preparations depend upon origin, strains and methods of preparation (Wagner- 
fjauregg and Helmert, 1942). 

Pathology.— The primary lesions of bacillary dysentery (Shiga and Flexner 
infections) are confined to the solitary follicles of the large intestine, and result 
in a sinuous “snail-track” ulceration of the folds of mucous membrane. In 
very acute eases the process consists of intense hyperemia of the large intestine, 
which eventually culminates in necrosis of the mucosa of the entire colon, as 
well as of the last 2-3 ft. of the ileum. Exceptionally, the whole extent of the 
mucosa of the small bowel may be involved. 

As a general rule, the lesions characteristic of bacillary dysentery are most 
pronounced in the lower part of the intestinal canal, from the sigmoid flexure to 
the anus. In the stage of necrosis the large gut is contracted so as to resemble 
a stiff tube, whilst the mucous membrane is converted into a rigid, olive -green 
or blackish substance (Plate X, Fig. 3). This colour is thought to be due to 
the staining of the dead tissue by bile-pigments. Occasionally, the necrosis 
may have a patchy distribution affecting especially the descending and pelvic 
portions. There are many signs of profound toxaemia. 

When the necrotic patches have a more local distribution, irregular ulcers, 
often communicating with one another by submucous sinuses, form and may 
involve the entire wall, producing a fenestrated appearance. Inflammatory 
changes are found in the mesenteric glands, with macrophage activity. 

In mOd Flexner, Sonne and Schmitz infections the mucous membrane is red 
and inflamed, and in places there may be small abrasions or even shallow ulcers. 

Chronic ulceration of the large gut may occur in bacillary dysentery. The 
smallest lesions are lenticular, involving the mucous surface. The more 
advanced lesions are represented by ulceration of limited tracts of mucous 
membrane, rarely penetrating beneath the muscularis mucosae. Ante-mortem 
perforation may supervene, though rarely. For the differentiation of these 
Wons j&om those of amoebic dysentery the reader is referred to Table VIII, 
p. 4:87. They should be distinguished from those of tuberculous, typhoid, 
schistosomal origin, or of ulcerative colitis. In some chronic cases the mucous 
membrane may be entirely destroyed. The bowel then resembles a piece of 
chamois-leather with interlacing fibrotic superficial strands. 

Mucous retention cysts, due to the formation of pseudo-adenomata from the 
bases of Lieberkuhn’s follicles, may sometimes be found as a sequel of bacillary 
uleeratioE, as first described by the Editor. They may be recognized as jelly-like 
elevati<ms forcing up the mucous surface, scattered throughout the len^h of 
tte gut. Dysentery bacilli may be isolated from their contents, and they 
are found in the large intestine of “ carriers ” of baciUary dysentery (Fletcher 
and and undoubtedly represent the cause of this condition. 

Many of chronic bacillary dysentery exhibit no ulceration, but a 

gTMiHiar ecmdition of the mucous membrane of the large gut. The lesions are 
m, a rule, irregularly, usually confined to the lower portion of the 
€or»de«ahle infiltration of the walls of the gut is associated 
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with this condition. As in ulcerative colitis, stenosis and shortening of the large 
intestine, either localized or general, may result. Xixed infection of amcebic 
and bacillary’ dysentery may be sometimes met. The spleen shows congestion 
of pulp and reticuloendothelial activity. The kidneys in Shiga infections may 
show patchy glomerular congestion and catarrhal changes. In cases of longer 
duration they are enlarged and the convoluted tubules necrosed, with extensive 
cloudy swelling. Xephritis is often the cause of death (Dick, 1942). Emboli 
in liver and spleen frequently occur. 

Histopathology. — The submucosa is the seat of numerous hsemoirhages 
and of round cell-infiltration (Fig. 67). The ganglion cells of Auerbach's plexus 
are involved in perilymphatic inflammation. The formation of macrophage cells 
from the capillary endothelium of the vessels may also be observed. Owing to 
their large size, hyaline appearance, and vacuolated protoplasm, these cells, 
especially in microscopic sections, are apt to be mistaken for Eninmoeba histolytica 
(Plate M). These cells appear in an early stage in acute ulcers and in the 
granulation tissue of chronic lesions. 

The pathological appearances of Sonne dysentery are not so well known as are 
those of Shiga and Mexner infections. The changes are, on the whole, similar, 
but not by any means so severe (Plate X, Fig. 2). 

Symptoms. — ^After a short inenbation period, usually of from one to 
seven days (as ascertained by experiment), the disease commences in a 
variety of ways, suddenly or insidiously, in all degrees of severity from 
mild diarrhoea to an acute fulminating attack. 

The main clinical symptoms are those of inflammation of the large 
intestine, viz., griping, tenesmus, frequent passage of loose, scanty, mueo- 
sangnineous stools, often with dysuria. 

The onset may be attended by high or moderate fever, or there may 
be no rise of temperature- The symptoms may be grafted on to some 
general disease such as scurvy or malaria, or to some chronic disease of 
the alimentary canal, as sprue ; they may assume acute characters, or 
they may be subdued from the outset. As a general rule, the closer to the 
rectum the lesions are placed the more urgent the tenesmus : the nearer 
the caecum the more urgent the griping. General constitutional symptoms 
due to the absorption of toxins may be evident. Vomiting may occur 
from the outset, or be absent altogether. 

Palpation ojihe cMonien is dififlcult during the early stages, owing to the 
rigidity of the recti muscles. Later, especially in toxic eases, the abdomen 
may become quite lax, and the spastic sigmoid colon can be sensed as an 
elastic cord. Implication of other portions of the large intestine can 
usually be detected from tenderness on pressure. 

Blood changes . — There are few characteristic blood changes. As a rule, 
there is a polymorphonuclear leucocytosis of 16,{)00-^,(X)0 at the 
commencement of the attack, falling to normal or subnormal on the 
third or fourth day. 

Character of the siools . — At first faecal and diarrhceic, the evacuations 
may vary ^ormously in number and character. Their number may be 
uncountable, with the unfortunate victim “ glued to the commode.” At 
first they consist of viscid blood-stained mucus, which bears some 
resemblance to “ red-currant jelly ” or “ frog's spawn.” They are 



478 


THE DYSENTERIES AND LIVER ABSCESS 

crenerallv odouiiess. The characters by which they may he distinguished 
from amcehic stools are given on p. 502. A few teaspoonsful may be 
passed. Subsequently they contain less blood and become more purulent. 
Finally, biliary pignients ' re-appear and faecal characters may be re- 
established. 



Fig. 67 .— Microscopical section of large intestine in bacillary dysentery, showing 
necrosis of mucosa, cellular infiltration, and haemorrhages into submucosa. 

In the most acute and fulminating forms the mucus may be mingled 
with a large amount of altered blood and the evacuations come to resemble 
“ meat washings.” When necrosis of the mucosa has taken place the 
stools may be exceedingly offensive, grey, and contain much altered 
blood, but no mucus. 

On clinical grounds, bacillary dysentery may be classified as follows : 

1. Mild or catarrhal hadllary dysentery , — A common history is that for 
some days the patient had suffered from what was supposed to be an attack 



CLINICAL VARIETIES 


479 


of diarrhoea. The stools, at first bilious and watery, perhaps four or five 
in the twenty-four hours, latterly and by degrees became less copious 
and more frequent, less fseculent and more mucoid, their passage being 
attended by some straining and griping. 

At the same time the tongue may remain clean, and there may be no 
accompanying pyrexia. The attack may be over in a week, and the stools 
may number about twelve in the twenty -four hours. The majority of 
these mild cases are caused by Flexner, Schmitz, Newcastle or Sonne bacilli. 

2. Aciite bacillary dyseniery . — In others the onset is much more abrupt. 
Within a few hours dysentery may be in full swing. The stools, at first 
fseculent, soon consist of little save blood-stained mucus. Very shortly the 
desire to stool becomes increased, the griping and tenesmus being accom- 
panied, perhaps, by distressing dysuria. Fever, which at the outset 
may have been smart and preceded by rigor, subsides. The face is anxious 



and pinched: the cheeks are high-coloured from a toxic flush. Slight 
delirium and mental confusion may be added to the clinical picture. Thirst 
may be considerable, anorexia complete, and the tongue white or yellow- 
coated. In a week or more the urgency of the symptoms may diminish, 
and the attack tapers off into a subacute or chronic condition, or it may 
end as abruptly as it began (Chart 22). 

3. Fidmmating bacillary dysentery , — These are invariably Shiga infections. 
The attack generally begins suddenly, it may be in the middle of the nighty 
with chills or smart rigor, vomiting, headache, and a rapid rise of tempera- 
ture to 100° or even 104° F. Very shortly after the rigor, purging begins, 
the stools rapidly assuming dysenteric characters. La from two to three 
days up to a week or longer, peripheral vascular failure sets in wdth a 
subnormal temperature, and the patient dies. Sometimes the toxaemia 
may be so virulent that death may take place before dysenteric stools are 
passed. The tongue is thickly coated, whilst other signs of an acute 
toxaemia are present. The abdomen is sunken and acutely tender. The 
stools rapidly become liquid, offensive, and greenish or greyish. In the 
terminal stages neither blood nor mucus may be visible in the almost 
uncountable evacuations. 
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\ clioleraiG form, m some respects resembling cholera, has been noted. 
The onset is acute, with Tomiting. Collapse with its attendant phenomena 
sets in early. The stools are liquid, serous, light-coloured, with blood and 
mucus in flecks. The temperature is subnormal and death may take 
place within three days. 

4. PieJaj)sing hacillanj dysentery.— In a proportion of bacillary dysenteries, 
althou^^h the urgency of the initial attack may subside, dysenteric symptoms 
do not completely disappear. The stools may recover their faeculent 
character, or may even show some signs of formation, yet they continue 
to be passed too frequently, often preceded by griping, and containing 
variable amounts of inueo-pus, with or without blood. Cases of this 
type may be due either to a fresh or to recrudescence of an old infection. 

" 5. Chroyiic bacillary dijsentery.—ln a large proportion of cases of acute 
dvsenter}’ the fgeees do not become absolutely normal for a considerable 
time after abatement of the more urgent symptoms. On the slightest 
indiscretion the symptoms re-appear provoking unexpected attacks of 
diarrhoea. For months, or even years, some patients never pass a perfectly 
healthy stool, the unformed stools always containing muco-pus or at 
times *^blood. There may be a tendency to scybalous stools, or to 
constipation alternating vrith diarrhoea. 

At the close of the 1914-1918 w^ar a type of chi'onic bacillary dysentery 
became quite common. The initial attack may have been so mild as to 
pass unnoticed, but recurrences take place, wdth passage of blood and 
mucus, becoming more frequent and intense as years roll on. Eventually 
the stools come to resemble those of chronic ulcerative colitis. 

The following varieties may be distinguished:— Those with superficial 
ulceration from which the causative organism may be isolated by rectal 
swabs ; those without actual ulceration, but with patches of granulation 
tissue in which cultures are negative ; and finally those with generalized 
mucosal inflammation and deep involvement of the bowel wall. 

The course of these cases tends to be progressive, and, unless vigorously 
treated with sulphaguanidine, they may terminate fatally. Emaciation 
may be extreme, especially in native races, so that an adult may weigh less 
than 49 lb. (Fletcher and Jepps.) Considerable anaemia may develop, 
with cardiac failure and dropsy. Death may ensue from exhaustion, or 
from some intercurrent disease, such as tuberculosis or malaria. This 
chronic form was conspicuously absent during the course of the recent 
world war. 

6. Granular rectitis, a granular excoriation of the last three inches of 
the rectal canal, with the passage of blood and mucus, persists as a not- 
uncommon sequel, especially in Shiga infections. The general health is 
good, in spite of it being a most disagreeable comphcatioh. 

Bacsillary dysentery in children . — Infection with dysentery bacilli (Shiga 
or Elexner) in small children, especially in Europeans, may produce most 
acute and rapidly fatal symptoms. They may expire in convulsions before 
the int^tinal symptoms have had time to develop. Cases may resemble 
meningismus, and at their onset, on account of the pyrexia and toxsemia, 
simulate enteric infections. 
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Post-dysenteric ascites, — Megaw is of the opinion that the ascites which is 
so common in most hospitals in India is a sequel to bacillary dysentery. 
When bacillary dysentery remains untreated, or is improperly handled, the 
dysenteric toxins pass through the intestinal wall and set up an irritative 
peritonitis 'which gives place to fibrosis of the peritoneum. The result is 
ascites, which, according to Snapper, may be associated 'with liver cirrhosis. 
Massive serous intraperitoneal effusions, many of which proved fatal, were 
recorded from the Middle East in 1941-1942. 

Symptoms of Sonne dysentery. — In most cases mild attacks of 
dysenteriform diarrhoea are the rule. The faeces are greenish, or yellowish 
and offensive, with blood-flecked mucus from which the organism may be 
cultured. In the more acute attacks the symptoms more closely resemble 
those of Flexner dysentery, with sudden onset of colic, diarrhoea and, later, 
blood and mucus. Sometimes, however, they are still more acute, 
'^vith pyrexia and vomiting. They may assume an alarming aspect 
reminiscent of salmonella infections. Then “ tomato soup ” stools are 
passed, followed by rapid prostration. Sonne infections are usually 
pyrexial at the time of the abrupt onset, but in the milder cases the fever 
IS slight and transient. A feature is associated catarrh of the respiratory 
tract with diarrhoea. Rhinitis may precede the abdominal symptoms. 
Acute Sonne infections, in children up to nine years of age, may cause 
sudden death. Some observers believe that in this instance the symptoms 
are produced, not so much by the organisms, as by their toxins in con- 
taminated food, which forms a favourable medium for their growth. In 
mental institutions, especially, Sonne infections are apt to attack mmates. 

Cruickshank and Swyer found that, by repeated examination of fsecal 
specimens and rectal swabs, Sonne’s bacillus could be isolated with certainty 
in most cases, but that the latter method gave a higher proportion of 
positive results. Sonne’s bacillus persists in the intestine in a gradually 
decreasing proportion of cases after subsidence of the acute manifestations. 
Thus, the convalescent carrier becomes an important reservoir for the 
spread of this infection. Three consecutive negative laboratory reports 
to this effect should be obtained before the patient is released from hospital. 

Predisposing causes.— Bacillary dysentery is especially apt to attack 
those who are in an enfeebled state owing to starvation, unsmtable 
dietary, physical exhaustion, or exposure, or whose health has been under- 
mined and resistance lowered by some chronic infection such as malaria, 
tuberculosis, scurvy or enteric. In the feeble-minded, in very young 
children, in the aged, and in pregnant women, bacillary dysentery is apt to 
assume a serious toxic aspect. Young children usually show pronounced 
symptoms of toxaemia, and die in convulsions, or in coma. 

Complications.— Di/^ewteric arthritis, or dysentery rheumatism 
formerly common. Effusions into the cavity and ligaments surroundmg 
the joints, especially the knee and ankle, may take place dunng the acute 
stage, or, more generally, during convalescence when the stools are fsecment 
(Fig. 68). It may be common in some Shiga epidemics, absent m others. 
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Pyrexia in usually pivseiit. The conditiun may last a considerable time, 
but usually clears up without leaving any deformities, though, excep- 
tionally, permanent disability with development of osteoarthritis manv 
years later may result. According to Graham, complete recovery usuallv 
ensues, even after the artlnitis has persisted for six months. Aspirated 
synovial fluid is sterile,^ hut agglutinates d^'sentery bacilli (Klein) in a 
titre considerably higher than that given by blood-serum. This condition 



Fig. 68. — Arthritis of hands and knees in bacillary dysentery. 


has to be distinguished from fugitive serum-arthritis, such as sometimes 
occurs subsequent upon injection of anti-dysenteric serum, and also from 
acute rheumatoid arthritis. 

Eye coTnplicdtions . — Acute conjunctwitis and ividocyclitis are now re- 
garded as symptomatic of a dysenteric toxaemia. The former is frequently 
seen in association with arthritis, whilst iritis supervenes in a small par- 
entage of cases. The pupils are irregular in outline, with ring synechias . 
There is also anterior uveitis, with adhesions to the capsule of the lens, 
^ exudate occupying the pupillary space, causing photo- 
phobia, blepharospasm and marked cireumcorneal hypersemia. The 

* Shiga’s bodUns has been isolated from the fluid in one instance (Blworthy). 
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aqueous humour has been found to agglutinate Sh, sliigce, though the 
tears do not contain specific agglutinins. That the eye and joint com- 
plications are due to the dysenteric toxin is indicated by experimental work 
on animals. This shows that the filtrates of Shiga cultures, when injected 
intravenously, produce iritis and arthritis, as well as local lesions in the 
caecum. 

Other coinpUcations. — Parotitis, unilateral or bilateral, has been often 
observed. Intussusception of the small intestine has been found in children, 
and in acute cases may cause death. 

During the recent 1939-1945 war the list of complications has been 
amplified to include intestinal haemorrhage, perforation with peritonitis, 
chronic peritonitis with localized, or general, effusions of peritoneal fluid, 
pneumoperitoneum, portal pyaemia with multiple liver abscesses, throm- 
bosed piles, rectal prolapse, peripheral circulator}" failure in toxic cases, 
renal failure in Shiga infections, pneumonia, and diffuse purpuric rashes. 
Non-specific urethritis is now also recognised. 

Benal failure, which has clinical resemblances to that found in traumatic 
anuria (crush injury), results from various factors, in which dehydration and 
toxaemia play a part, leading to reduced glomerular filtration and degenera- 
tive changes in the tubules. The urine contains granular casts and 
albumin, so that azotaemia and oliguria ensue, and may end in ursemia. 

Sequelae. — Stenosis of the large intestine may result from acute attacks. 
Pain and abdominal discomfort may indicate formation of abdominal 
adhesions which are an occasional sequel. Barely, megacolon may be 
produced. Mucous colitis frequently persists for years. Peripheral 
neuritis of the legs may follow bacillary dysentery. Post-dysenteric 
tachycardia, or effort syndrome, a condition of irritable heart, may persist 
long after dysenteric symptoms have disappeared. Achlorhydria, rarely 
achylia gastrica, may be responsible for digestive troubles which may ensue. 

Baciermm coli infections of the genito-urinary tract frequently com- 
plicate chronic bacillary dysentery as the result of the specific kidney 
lesions produced by dysenteric toxins. This possibly explains the 
frequency of this infection m tropical residents. 

Reiter's disease , — ^The combination of conjunctivitis, arthritis and urethritis 
has been described as Reiter’s disease by Piessinger in France, Macfie in North 
Africa, and by Jackson and Wrigley (1946) in soldiers in the recent war. Some 
authors term it “ pseudogonococcal arthritis.” The conjunctivitis is purulent or 
mucopurulent, often bilateral, with photophobia and lacrymation. There may 
be iritis, scleritis and keratitis. The urethritis is characterized by a purulent 
discharge which is bacteriologioally sterile. Arthritis usually affects the larger 
joints and is fugitive in character. Skin rashes are common and general lympha- 
denitis is a frequent accompaniment. The resemblance to chronic bacillary 
dysentery is undoubtedly great, and there is still considerable hesitation in 
recognizing it as a separate disease. The virus has been claimed to have been 
cultivated by Dunham (1947) and has been found capable of producing 
conjunctivitis in mice. On the other hand Paronen (1948) and Kokko on the 
Karelian Isthmus in Finland have found the correlation between Reiter’s disease 
and bacillary dysentery to be very close. 
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Bacillary-dysentery carriers.— The “ carrier question ” in bacillary 
dv>senteiT is probably not such a problem as iii typhoid, as the former 
organisms remain confined to the intestines and to the mesenteric glands. 

There are many circumstances which render the “ carrier state ” difficult 
to detect. Dysentery bacilli, as a rule, are scarce and liable to escape 
detection in a fiecaf stool, though with improved methods of isolation 
by desoxychoiate agar, the carrier rate has been assessed about 10 per 
cent. It'is proliable that carriers are the starting-point of an epidemic. 
The majority are “ convalescent carriers” a term which implies that 
the patients have incompletely recovered, continuing to pass blood, mucus 
and dysentery bacilli in their stools. There is no evidence that the 
gall-bladder acts as a reservoir, as in typhoid; or that the “ carrier state ” 
persists for any great length of time. The organisms continue to live 
in retention cysts in the intestinal mucosa, in collections of pus from 
beneath the scars of ulcers or beneath their edges. The maximum period 
that this carrier state can persist is about three years. 

Carriers of Flexner bacilli are much commoner than those of Shiga. 
Generally, the Flexner carrier is in good health, while the Shiga carrier 
is adversely affected. Stewart (1944) found carriers of Flexner, Sonne and 
Schmitz organisms comparatively commonly amongst the native popula- 
tion of x^lgeria. 

Sometimes bacillary inflammation or ulceration is localized to the lower 
rectum (granular rectitis). These patients thus afflicted pass blood and 
mucus in their stools, though otherwise appearing in good health. The 
bacillus may be isolated, by means of rectal swabs, as long as a year 
after the initial attack. Fortunately they are easily cured by sulpha- 
guanidine {see p. 488). 

Microscopic examination of the fseces usually affords little assistance in these 
cases. The chances of isolating the specific bacillus are considerably increased 
by making cultures direct from the mucosa by rectal swabs, or from scrapings 
of ulcers obtained through the sigmoidoscope. 

Diagnosis. — Difficulty in the diagnosis of bacillary dysentery on clinical 
grounds is mainly confined to the milder forms. Whenever possible, a 
confirmatory laboratory diagnosis should be carried out. 

The possibility of malaria breaking out with bacillary dysentery should 
always be borne in mind, and association with the subtertian parasite can 
be particularly serious. 

A tentative diagnosis may be made from a microscopic examination of 
the cellular exudate in the stools by a method known as cyto-diagnosis. 
For this purpose the specimen should be procured from the patient 
as early as is possible in the disease. The characteristic feature of 
bacillary stool (Plate XI), is the preponderance of swollen poly- 
morphonuclear leucocytes, with distinctive ring-like nuclei, which con- 
stitute over 90 per cent, of the total cell elements in the stool. The 
examination should be conducted with a -J-m. lens and a low ocular (X 2). 

MoGryphage cells {Jdstocytes) . — These, sometimes 20-30 p. in diameter, 
are derived from the endothelium of the capillary vessels. They may be 
round, oval, or bilobed. They are hyaline, and contain in their substance 
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vacuoles, fattj’' granules, ingested red blood-corpuscles, even, occasionally, 
leucocytes. They are non-motile, but, owing to their phagocytic 
activities, are apt to be mistaken for Entamoeba histolytica. 

The differential- cell picture in dysenteric exudates has been distinguished 
by Alexeieff as a “ pyogram,” In amoebic dysentery faeces the cellular 
elements are few and mononucleated ; in bacillary dysentery, numerous and 
polymorphonuclear, with jpseudojpyknotic nuclei. 

It is important that the significance of macrophage cells in bacillary dysentery 
stools should be emphasized. Willingness to diagnose amoebic dysentery is 
very pronounced in almost every tropical country. It is important that patho- 
logists should acquaint themselves with the appearance of inflammatory cells in 
the faeces, as well as with the different stages of E. histolytica, before an expert 
diagnosis is made. 

Entamoeba coli, and flagellate protozoa {Chilomastix and Trichomonas), 
may be seen in considerable numbers in a bacillary-dysentery exudate, 
especially during the convalescent stages. Some difficulty may be ex- 
perienced in differentiating E. coU from E. histolytica in bacillary-dysentery 
stools. 

Isolation of the dysentery bacillus . — ^The stool should be collected in a bed-pan, 
which should contain no disinfectant, and the patient should be warned against 
passing urine. A portion of freshly-passed blood and mucus should be picked out 
by a platinum loop, and, if soiled with faeces or urine, should be rinsed in 5 ml. 
of distilled water or normal saline solution. The earlier in the illness, the easier 
it is to isolate the dysentery bacillus. It is, as a general rule, difficult when 
dysentery has lasted five days or longer. Faeces despatched for laboratory 
examination through the post, or by messenger over long distances, should be 
emulsified with a double volume of buffered glycerol saline — 1 part of glycerine 
to 2 parts of saline, buffered by the addition of 5 per cent, acid sodi phosph., at 
pH8. The mixture is tinted with phenol red so that any change in acidity can 
be detected. Dysentery bacilli are very delicate, and are never present in great 
numbers, even in freshly-passed stools. The mucus, or two loopsful of the 
suspension, should be spread, in a spiral manner, somewhat thickly, upon a 
MacConkey agar plate, or, better, on desoxycholate citrate agar, which somewhat 
inhibits the growth of Bad. coli. The plate should be incubated at 37° C. 
in an inverted position for eighteen hours, when the small blue transparent 
colonies may be examined with a watchmaker’s lens. As a rule, Shiga colonies 
are more refractile and of a more regular outline than are those of the Flexner- 
Boyd group. It is a good plan to hold a piece of dark paper against the back of 
the plate to render recognition easier. 

Identification of the colonies may be carried out as follows : four or more 
should be picked off with a platinum spud and transplanted on to agar slopes, 
and, after further incubation, these subcultures should be emulsified and tested 
in high dilutions against Shiga and Flexner sera in agglutination tubes. The 
macroscopic method is usually employed, or the test may be performed on a 
microscope slide, or on an agglutinometer. By means of a capillary pipette, drops 
of bacillary emulsion are placed together with an equal quantity of specific sera 
diluted to 1 in 50. The resulting dilution wiU then be 1 in 100. After oscillation 
for three minutes, when the reaction is positive, snowflake agglutination occurs. 

After these measxires have been taken, diagnosis may be confirmed by 
inoculating subcultures of the organism into the sugars (Table VII, p. 473). 
Direct culture by the rectal swab method offers obvious advantages and results 
in a higher proportion of positives. 
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Isolation of the dysenteTy bacillus post mortem . — The bacillus can be isolated 
from the acutely inflamed mucosa by washing the canal free from intestinal 
contents and scraping off the blood and mucus with a platinum loop, but from 
necrotic mucosa this is by no means so easy. In this case the surface must be 
first seared T^ith a hot knife and incised, when material for culture can be obtained 
with a platinum loop from the bottom of the incision. 

Serological diagnosis . — This is *of little value as an aid in the early stages 
of the disease, or in the very acute or rapidly fatal types in which it is so 
important to arrive at an accurate diagnosis. The sera of some patients 
proved to be suffering from bacillary dysentery by isolation of the specific 
organisms from the stools, may give negative agglutination reactions. 

For the diagnosis of Shiga infections in convalescent or chronic cases, positive 
agglutination of over 1 in 25 should be obtained. In Flexner infections an 
agglut^tion of 1 in 100 indicates a positive result. Davies found dysenteric 
agglutinins were present in dysenteric stools, even when absent from the serum 
of the patient, especially during the first week of illness. Blood and mucus 
from the exudate are shaken up with normal saline, filtered and put up for 
agglutination in the same way as in the serum test. 

Serological diagnosis may be of considerable assistance in chronic 
baciOary dysentery, -where high-titre agglutinations are sometimes obtained 
especiaUy with emissions of the pooled Boyd strains of Flexner bacilli! 
Serological diagnosis of Sonne dysentery by the agglutination test is' 
also somewhat unreliable, and appears to depend, to some extent on the 
strain of organism employed as antigen. ’ 

Sigmoidoscopic examination.— Bigcaoidoscopj reveals pathological 
changes in the colon and therefore plays an important part in the 
differential diagnosis of the dysenteries. It is especially useful in chronic 
cases, and should be employed -wherever practicable. For preparation of 
the patient, the bowel is cleared out by a -warm-water enema. If the 
patient has acute diarrhoea, no castor oil should be given. It is advisable 
to gi\e 10-15 min. of tincture of opium half an hour previously in order 
to render the rectum less sensitive. The mucous membrane of the rectum 
IS usually replaced by granulation tissue -with surrounding hypermnaia 
and assumes the appearance resembling the cortex of a granular Icidnev- 
at the same time stenosis of the bowel lumen can be detected (Plate XIII)’ 
buperficial oval or circular ulcers, up to 1 cm. in diameter, are also seen 
m this etoome stage, and sometimes pseudopolypoid outgrowths composed 
0 granulation tissue. In the heahng stage the mucous membrane is 
rose-pmk and shghtly nodular. Widespread superficial scarring at the 
site of former ulceration is characteristic and it is possible by this feature 
alone to ass^e definitely that the patient had suffered from bacillary 
dysentery. The passage of the instrument is usually attended by pain 
due to distension of the bowel wall. This is almost diagnostic, as in 
amoebic ulceration it is usually painless. 

Differential diagnosis of the dysenteries will be dealt with on p. 487. 

naach upon individual susceptibility and 
t^^baoJlwy dysentery wee widespread, the case-mortality was 
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TABLE VIII 

Diagnosis between Bacillaby and Amcebic Dysentery 
bacillary dysenteries ( A3VICBBIC DYSENTERY 


Acute diseases with a tendency to 
epidemic spread. “ Lying down 
dysentery.” 

Incubation period short, 7 days or 
less. 

Onset acute. 

Pyrexia common. 

Course days or weeks. 

Complications : Polyarthritis frequent ; 
eye complications. 

Death due to — 

(а) Exhaustion. 

(б) Toxaemia. 

(c) Glomerulonephritis. 

Signs : Tenderness over whole ab- 
domen, more marked over sigmoid 
flexure. 

Tenesmus very severe. 

Pathology : Acute diffuse necrosis of 
mucous membrane of large intestine, 
due to dysenteric toxins. 

Ulcers : When present, on free edge of 
transverse folds of mucous membrane 
and distributed transversely to long 
axis of gut. 

Serpiginous in outline, with ragged 
undermined edges, often communica- 
ting with neighbouring ulcers ; bases 
consist of granulation tissue. 

Intervening mucous membrane hyper- 
aemic.Ulcers rarely perforate.No com- 
pensatory thickening of bowel- wall. 

Stools : Scanty ; many in number. 
Bright blood-red, gelatinous, viscid 
mucus, odourless, resembling red- 
currant jelly. 

Reaction : Alkaline. 

Microscopic picture : Numerous red 
cells ; polymorphonuclears numer- 
ous, with clear-cut ring nuclei. 
Macrophage cells. Few micro- 
organisms visible (Plate XI). 


Blood examination : Leucooytosis . in 
the early stages. 


A chronic endemic disease. “ Walk- 
ing dysentery.” 

Incubation period long; at least 20-90 
days; may be more. 

Onset insidious. 

Pyrexia rare, unless complicated. 

Course usually prolonged for years. 

Complications : Hepatitis, abscess of 
liver ; abscesses rarely in other 
situations. Pericolic abscess. Amoe- 
1 bic infection of skin. 

I Death due to — 

(а) Exhaustion. 

(б) Perforation. 

(c) Haemorrhage. 

(d) Liver abscess. 

Signs : Local tenderness and thicken- 
ing, mostly over sigmoid flexure, 
transverse colon, and caecum. 

Tenesmus not usual. 

Pathology : Local lesions confined 
to the large intestine, due to the 
characteristic ulcers. 

Ulcers : Commence as small abscesses 
of submucosa in long axis of gut. 

Flask-shaped ulcer,” or '' Bouton 
en chemise,'' “ sea anemone ” ulcers. 

Oval, regular, flask-shape in section, 
involving all coats ; bases consist of 
necrotic black tenacious sloughs 
(“ Dyak-hair ” sloughs). 

Not uncommonly perforate ; compen- 
satory thickening of bowel- wall. In- 
tervening mucous membrane normal. 

Stools : Faeces intermingled with blood 
and mucus, resembling anchovy 
sauce (sago-grain stool). Offensive, 
smeUing of decomposing blood ; 
generally copious. 

Reaction : Acid. 

Microscopic picture : Red cells nu- 
merous and in clumps, polymor- 
phonuclears damaged, often with 
extruded nuclei. Macrophage cells 
scanty. Large numbers of motile 
bacilli and Entamoeba histolytica, 
usually containing ingested red cells. 
Charcot-Leyden crystals common 
(Plate XII). 

Bhod examination : Usually a mod- 
erate leucocytosis. 
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In many thousands of cases among British troops in the 1914-18 war, it is 
doubtful whether it at any period rose above 5 per cent. Epidemics in 
indigenous races have been recorded where the mortality registered over 
28 per cent. Among debilitated Solomon Islanders it has been as high 
as 47 per cent. Prognosis is unfavourable in chronic cases, especially in 
poverty-stricken, malaria-infected, half-starved natives. 


Treatment.— The patient should be placed in bed on the appearance of 
the first signs, and should on no account be permitted to get up in order to 
pass his motions. A bed-pan should therefore be employed wherever 
nursing facilities are available. In the choleraic or fulminating cases in 
which the passage of stools is incessant, it is advisable to dispense mth. 
bed -pans altogether. The patient should then be placed upon a waterproof 
sheet with a gamgee dysentery pad. For this purpose the attendant, for 
seK-protection, should wear rubber gloves, as the discharges are highly 
infectious. ® ^ 


The stook should be periodically inspected, for by these, supplemented 
by the appearance of the tongue and the general condition of the patient 
the progress of the case can best be ascertained. ’ 

Attention should be paid to the diet, which should be nutritious, easily 
assimilable, and leaving as little residue as possible. Nothing but water 
should be given for the first twenty-four hours. The best diet is one con- 
sisting of tea, jellies, albumin water, rice water, chicken soup, beef tea 
Brand’s essence, arrowroot, Horlick’s, Bengers, sago puddings— any of 
which may be given at two-hourly intervals in small quantities (6-10 oz.) 
slightly warmed, at each feed. Non-residue diet should be instituted when 
blood and mucus have disappeared from the stools. Treatment should be 
preceded by a mild purge, the most suitable being sodium or magnesium , 
sulphate. The routine treatment with saline aperients was once almost 
universal, but is not now employed, especially in dehydrated cases. 


Sulphaguanidim (p-amino-N-guanylbenzene sulphonamide) is a gnani- 
dine analogue of sulphapyridine. It was first prepared bv Buttle and 
colleagues, though Marshall and others have described its chemical 
constitution. It exerts a bacteriostatic effect on various bacteria in vivo 
Midmtro. It IS moderately soluble in water, insoluble in strong alkali, 
ffigh concentation can be obtained in the intestine associated with low con- 

r “ Iw P®’' excretion 

of other sulphonamides. Although sulphaguanidine 
may excroted as cp^stals no renal complications have so far been reported. 
The drug IS undoubtedly less toxic than other sulphonamides. The toxic 
^obons obserrod mdude headache, malaise, purpuric skin rashes, mfld pyrexia 
and ansemia. Agranulocytosis or jaundice have never been observed. 

The dosage of sulpbaguanidine in acute bacillary dysentery is : initial 

1^®-) ’height), 

iSSm four-hourly for the period during 

stools have been 
consistency for two days. Duration of treatment 
should not exceed fourteen days. If necessary, the course may be repeated. 
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in chronic bacillary dysentery larger doses are necessary : 0*1 grm. per kilo 
every eight hours for the first five days, followed by a dosage of 0*05 grm. 
for a similar period for another five days. This may be repeated in fourteen 
days. The total dosage in acute cases varies from 18 to 350 grm. ; the 
average effective dose in acute cases is about 130 grm., usually between 
100 and 200 grm. In less acute cases the dose should be 18 grm. in the first 
twenty-four hours, administered in 6 grm. doses three times daily, and 
subsequently 3 grm. three times daily for five days. 

The effects may be judged by the alteration in the patient’s general 
condition and in the improvement in the stools which, in most cases, become 
porridgy and faecal in forty-eight hours. A diminution in temperature, 
pain and toxaemia take place within twenty-four hours. The mortahty 
rate, in very extensive series reported upon from the Middle East, is less 
than 1 per cent. Sulphasuccidine appears to be equally effective, 
according to Poth and colleagues, especially in children. Sulphapradine 
and sulphamezathine in maximal doses are also curative, but are more 
depressing and more toxic. According to Pairley and Boyd, sulpha- 
guanidine treatment should be combined with preliminary dosage with 
magnesium or sodium sulphate and, after two hours, with gentle colonic 
lavage employing one pint of normal saline. 

Stre'ptomijcin injections have been advocated by Hardy and Halbert 
(1948) and appear to be very effective in refractive cases. 

Chloromycetin {chloramphenicol ).— and Stewart (1952) state 
that sulphadiazine is more effective than sulphaguanidine or succinyl- 
sulphathiazole. Ross and colleagues have demonstrated the sensitmty of 
Shiga bacilli to chloramphenicol iyi vitro and its efficacy in dysentery in 
children. Ninety-six cases in Hong Kong from January to December, 
1951, were treated with chloramphenicol (average total dose 9*5 grm. — 
individual doses ranging from 7*75-16 grm.) which cheeked the dysentery 
in three days. It was also effective in treatment of sulphadiazine-resistant 


pathogens. . i i. n • 

Chloramphenicol is more efficient than sulphadiazme for the following 
reasons: (1) resolution, bacteriological and clinical, is more rapid; 
(2) resistance to chloramphenicol has not been encountered, whereas 
resistance to sulphadiazine is sigmficant; (3) treatment can be commenced 
in the presence of salt and water deficiency. 

Other sulphonaviides . — According to Ferriman, Mackenzie and Scadding, 
sulphadiazine is the drug of choice in the milder type of case 
in doses of 1 grm. five times daily, and it cuts short long-eontmued 
diarrhoea. On account of risk of renal complications,^ sulphathiazole 
should be used only in cases without dehydration, but it relieves discomfort 


rapidly. 

PMhdyl sulphaOiiazole closely resembles sulpbasuecidine, but is twice 
as active and is said to be highly specific in Flexner and Soime infections. 
The dose is 0-04 grm. per kg. every four hours for 12 doses, then 0-02 grm. 
at four-hour intervals until the diarrhoea ceases. Brodie and colleagues 
(1946) think it the drug of choice in the treatment of Some dysentery 
(type III). The average periods of clinical cure were 8*73 days, but 
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Sayer and Young have had even better results in this type of dysentery 
vith siilphcuiilylbenzamide and sidphcmilyl-amidohenzene, with which 
bacteriological clearance was obtained in an average of 1-8 days. The 
total dosage varied, according to body-w^eight, from 6-44 grm. over a 
period of four days, where the weight of children ranged from 14-84 lb. 

Sidphatriad (compound sulphonamide). — For lessening the risk of 
crystalluria a high fluid intake and alkalinization of the urine are recom- 
mended. Experimental investigations have shown that by combining 
sulphathiazole, sulphamerazine and suiphadiazine these risks can he 
avoided and sulphatriad is a mixture of this composition in tablets of 
0*5 grm. each. It may be employed for all acute infections and is especially 
indicated for bacillary dysentery where the dangers of urinary tract 
complications are increased. The dosage should be the same as that 
employed for suiphadiazine. Children, weight for weight, tolerate these 
sulphonamides three times better than adults. The possibility of blood 
dycrasias, such as early or late leucopenia, agranulocytosis, acute haemolytic 
anaemia and thrombocytopenic purpura must be borne in mind. A curious 
sequel of intensive sulphonamide therapy, to which Howat (1945) has 
dravTi attention, is steatorrhoea, especiall}’^ in chronic relapsing dysentery. 
In those treated with sulphaguanidine the relationship of onset of fatty 
diarrhoea to this treatment is striking and it is now suggested that this 
drug may be a factor in the production of a conditional deficiency by 
inhibiting the growth of commensal organisms m the bowel. Both 
sulphaguanidine and sulphasuccidine, given over prolonged periods, so 
reduce the bacterial flora of the bowel as to inhibit the synthesis of essential 
factors, such as aneurin, etc. 

Opium , — Either by the injection of morpliia or in solution, opium is 
indicated as a means of promoting sleep and relieving pain, if very severe. 

Antidysenteric serum . — Since the introduction of sulphaguanidine the 
value of aritidysenteric serum has been discounted. It is now employed 
principally in toxic SMga cases. Refined anti-Shiga serum, prepared by the 
Pope process of partial peptonization and containing 20,000 International 
Units per nfl., is given intravenously in doses of 5 to 10 ml. and may be 
repeated dafly. The anti-toxic effects appear to be transient. It is best 
combined mth siilphaguanidine therapy. No serum reactions have been 
observed with this new preparation. 

Belief of paw.— Du^g the early stages of an attack the patient may 
suffer much from griping and tenesmus. These are generally relieved by a 
hot bath, hot fomentations, or turpentine stupes, three or four of which 
may^ be^ sewn into a piece of flannel and laid on the abdomen. Tliis 
application has the advantage of being very light, of not wetting the 
clothes, and of keeping warm for many hours. Tenesmus and dysuria are 
best relieved by hypodermic morphia ; by an enema of a wineglassful of 
thin stech containmg 40 or 50 drops of tincture of opium ; or by sup- 
positon^ of morphia and cocaine. Washing out the lower bowel with a 
pmt of hot water, with or without boric acid, is sometimes effectual in re- 
mcrag for a time, or, at all events, mitigating, the incessant desire to go 
w stool and to strain. Bismuth carbonate, 2 dr., with tincture of opium, 
oU mm., and thin starch, 2 oz., is also a good sedative enema. 
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is first inserted into the cfecum and the fteces are allowed to escape through 
it thereby placing the whole of the large intestine at rest. Then an efficient 
opening is made. The lower bowel may be washed out daily with boric acid 
solution, and the opening may be closed at some subsequent period, after the 
large bowel has been permitted to rest for three months or more ; complete 
recovery of the mucous membrane has been observed by sigmoidoscopic examina- 
tion. A colostomy bag is fitted. The patient may be sent to convalesce and 
encouraged to consume plenty of fresh eggs, milk and fruit. One-barrelled 
ileostomy is sometimes preferable and is recommended by some surgeons. The 
indications here are the same as in ulcerative colitis, but it condemns the patient 
to a permanent colostomy belt and other disagreeable sequelae. 

Granular rectitis is best treated with suppositories of succinyl sulpha- 
thiazole (Cluer, 1947). These suppositories are longer and bigger than 
those usually supplied. They are composed of succinyl sulphathiazole 
3 grm., cocoa butter 7 grm. 

The powdered succinyl sulphathiazole is placed in a warm dish and half the 
quantity of cocoa-butter added. The ingredients are stiiTed to form a smooth 
paste before the rest of the cocoa-butter is added. When poured into moulds 
and set, the finished product is over 2 in. long and in. in diameter. For this 
special glass tubes are made. These are lubricated inside with almond oil and 
corked at one end. A palliative drying paste (Siccolam) is appHed to the weeping 
areas of circumanal skin and in the anal canal (Barclay). 

Prophylaxis. — The prophylaxis of bacillary dysentery consists 
principally in securing a pure water supply and in avoiding unwholesome 
and contaminated food ; also in eliminating flies from latrines and in 
protecting food against them. In barracks, camps, lunatic asylums, and 
other public institutions, bacillary dysentery should be regarded as an 
infectious and readily communicable disease, and therefore patients 
suffering from mild symptoms, or even looseness of the bowels, should be 
isolated. 

To prevent the spread of bacillary dysentery in closely crowded com- 
munities, it is important to recognize, as early as possible, all carriers and 
mild cases which might otherwise escape recognition. Cunningham and 
others have pointed out that, in the prevention of the spread of bacillary 
dysentery in jails, it is essential that the stools of the inmates should be 
inspected daily. Any inmate found passing blood and mucus, even in 
small quantities, should be regarded as potentially infectious and as 
possibly constituting a carrier of the disease. 

Chemoprophylaxis. — In the closing stages of the recent war in the 
Far East sulphaguanidine, in doses of 1 grm. daily, was employed for mass 
treatment of troops in the field with apparent success. 

The treatment of carriers , — The chronic carrier has in the past been 
difficult to treat effectively, but sulphaguanidine has transformed the 
situation. It is recommended that this drug should be given in maximal 
doses for periods of 5-7 days, though it is usually necessary to repeat the 
coarse. For the drug to exert its maximum action, the faeces must be 
kept as fluid as possible by means of sodium or magnesium sulphate. 
Carriers of Sonne’s bacillus appear to be especially difficult to cure (see 
p. 484). 
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Prophylactic inoculations. — The J apanese workers, and later Gibson in England, 
introduced an inoculation by which the toxic effects of the bacillus are neutralized 
by a potent anti -Shiga serum, resulting in an almost complete absence of reaction. 
The vaccine and serum (sero-vaccine) are enclosed in twin phials, the bacillary 
emulsion being contained in one arm, the serum in the other. The first dose 
was 0-25 ml., containing 500 million Shiga organisms mixed with 0*1 ml. of 
serum ; the second dose, given 10 days later, contained 1,000 million organisms 
with 0-2 ml. of serum. 

The results were distinctly in favour of this method of protection. 

Blanc and Caminopetros employed intramuscular injections of living vaccines 
consisting of 4-6 thousand million dysentery bacilli, and found that they caused 
slight reactions which resolved three or four days later. They concluded that 
there is no particular danger in using living vaccines. 

Trials have been made with preparations containing dysenteric endo- and 
exotoxins, and also phenol-extracts of the 0 antigen of Shigella sliigce; this latter 
excites the appearance of specific agglutinins in the serum after inoculation 
(Morgan and Schutze). 

Sanitation. — Eor the prevention of bacillary dysentery, and indeed 
most intestinal infections, the bored-hole latrine appears to offer the best 
solution for the disposal of rural sewage. With coarse subsoil, contamina- 
tion from such a latrine may spread in the direction of subsoil water. 
The bored-hole latrine is easy to instal. There is no smell and the contents 
lie more than 3 ft. from the ground surface. There is no fly-breeding. 
After the hole has been refilled the superstructure can easily be moved 
to another site. 

Construction. — The bored-hole latrine is a round hole bored into the 
earth wdth a special auger, 16 in. in diameter, and the depth depends on 
the subsoil water level — a minimum of 3 ft. during the dry season. A hole 
6 in. deep and 16 in. in diameter is first dug and the auger is placed in 
this hole and rotated clockwise. If the soil is very loose the hole can be 
protected by putting in a bamboo lining. A squatting 'plate is of reinforced 
concrete 8 ft. by ft., made in the following proportions : cement 1 part, 
sand 2 parts, stone and brick chips 4 parts. The thickness of the plate 
is 2 in. and sloped 1^ in. from edge to centre. The plate is reinforced 
with ^-in. diameter rods. 

11. AMCEBIC DYSENTERY AND AMGEBIASIS 

Definition. — Amoebiasis denotes infection with the protozoan, Enta- 
mceba histolytica. When confined to the intestinal canal it produces 
amoebic dysentery, or primary intestinal amoebiasis. This is insidious in 
its onset, chronic in its course, and with a marked tendency to relapse. 
When metatastic lesions are produced in the liver and elsewhere they 
should be known as secondary, or hepatic amoebiasis. 

Geographical distribution. — Amoebiasis occurs to a greater or lesser 
degree throughout the tropics and subtropics. During recent years 
sporadic indigenous cases have been found in Northern Europe (Russia, 
Norway and Germany) and even in Great Britain. Specially prevalent 
in India, Indo-China, China, and the Philippines, it is common throughout 
North and Central Africa, widespread m the Southern United States, 
South America, and the West Indies. 
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Epidemiology and endemiology — A disease of insanitation, not 
necessariiv requiring tropical or subtropical conditions for its propagation, 
amoebiasis arises sporadically without seasonal prevalence, but does not 
usually occur in epideiiiic form in the same manner as the bacillary 
dysenteries. Wenyon and O’Connor have shown that the cysts of E. 
liistoli/tica can be demonstrated in the ffeces of house flies sixteen hours 
after ingestion, and that flies play a part in dissemination. Roberts (1947) 
has demonstrated E. histolytica cysts also in the fly’s vomit. The evidence 
is that they are not derived from the crop, but represent those which 
become wedged in the pseudo-tracheae and are later flushed out by fluid 
from the crop or from the salivary glands. There is also much evidence 
that contamijiated icater and even fresh vegetables, such as lettuce, may 
constitute sources of infection. 

It has now been shown that wild rats, especially B. norvegicus, are 
frequently infected with E. histolytica and may aid in its dissemination 
(Neal, 1948). This has recently been confirmed (1951). E. muris, a 
species indigenous to the rat, closely resembles E. histolytica. 

Reports of the outbreak in Chicago in the summer and autumn of 1933 gave 
the total number of cases as 1,409, in that city or traced to others in the United 
States, with over 40 deaths. The source was traced to two hotels, where the 
majority of those infected were servants or guests. All carriers of E. histolytica 
were removed from employment, but in spite of these measures, cases continued 
to develop amongst employees of one hotel, where the “ carrier ’’ rate was found 
to he as high as 47*4 per cent. Further investigations revealed serious con- 
tamination of the water supply from defective drainage so that drinking water 
formed the main channel of infection. Morton and associates (1952) have 
recorded an outbreak of acute amcsbic dysentery in an R.A.F. camp in England 
as the result of gross faecal contamination of a water bore-hole. In a population 
of 1,042 at risk, 141 suffered from acute gastro-enteritis, 6 developed acute amoebic 
dysentery and 11 active amoebiasis of less severity. The majority had never 
been overseas. Twenty-six symptomless cyst-passers were found. 

Amoebic dysentery is frequently a house or family infection as shown in 
the Liverpool outbreak reported by Adams and Seaton (1949). 

Intestinal amoebiasis is a disease of adult life as a rule. It is rare in 
European children imder five years of age, but among Egyptians of the 
poorer class in Cairo, Perry and Bensted found that 13 per cent, of clinical 
dysentery was due to E. histolytica. Biggam diagnosed acute amoebic 
dysentery with hver abscess in an infant three months old, and VTlhams 
found it in a negro infant of fifteen months on the Gold Coast. As the 
disease has a long incubation period and is acquired from contaminated 
water and vegetables, it is unhkely to occur among carefully nurtured 
children, in whom the bacillary form is more frequent. 

Intestinal amoebiasis may produce active symptoms for many years. The 
Editor has treated infections which have persisted from thirty to forty, and in 
one for fifty-four, years without seriously undermining health, so tolerant are 
the tissues to E. histolytica. There appears also to be a difference in incidence 
of intestinal amoebiasis in the sexes. Males, European and native, are more 
apt to contract the infection. Gharpure and Saldanha (1930) reported that in 
a series of over 400 post-mortem examinations the number of male cases was 
quite disproportional to the total. Of amoebic dysentery and hver abscess. 
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90-6 and 93*8 per cent, respectively occurred in males ; 9*4 and 6*2 per cent, 
in females. Below ten years of age the incidence of amoebic lesions was 0*9 per 
cent, and of liver abscess nil. The highest peak is reached in the decennial 
periods 20-40, with a proportion of about 30 per cent, of amoebic dysentery and 
38 per cent, of liver abscess to the total number of autopsies. 

In Armenia, Zaturjan showed that amcebiasis in children usually runs a much 
more benign course than in adults and rarely shows any serious complications. 

etiology. — The discovery of amcebse in dysentery stools was made by Ldsch 
in 1875. Originally regarded as a single organism — AmcBha coli — ^it is now 
recognized, mainly as a result of the work of Schaudinn, Hartmann, Wenyon, 
and Dobell, that several distinct species occur in the intestinal canal of man, one 
of which, Entamoeba histolytica, is pathogenic, while others — Entamoeba coli, 
EndoUmax nana, lodamoeba butschlii and Dientamoeba fragilis — are harmless 
species. E. histolytica was originally cultured on egg-medium by Boeck and 
Drbohlav in 1925, but during the last few years it has been grown on a variety 
of serum-media. E. histolytica can be grown in microtubes in symbiosis with 
Trypanosoma cruzi. Bor successful culture the presence of bacteria is necessary, 
although excystation can take place in the absence of bacteria when complex 
organic substances are added to the medium. 

Detection of Entamoeba histolytica in stools . — ^When present in stools, entamoebie 
are generally easy to find. It is necessary to pick out a small firagment of 
stool shortly after it is passed, and to lay it on the slide and compress it under 
the cover-glass to form a fairly transparent film. Active entamcebae tend to 
occur in clumps or masses and are not evenly distributed throughout the stool ; 
they may be present in one evacuation, but not in the next. Care should be 
taken that the receptacle in which the stool is collected is free from all traces 
of antiseptic. These amoebae live in the faeces for a few hours after being 
passed and are distorted in the presence of urine. The dysentery amoeba 
is a clear, faintly greenish-tinted, transparent body, as a general rule, some three 
to five times the diameter of a red blood-corpuscle. By staining the background 
with dilute eosin the refractile appearance of E. histolytica becomes more 
apparent. In its vegetative or tissue-invading phase it is recognizable by its 
active movements, as well as by the presence of extraneous material, such as 
red blood-corpuscles, which it ingests. The nucleus may sometimes be eccentric. 
The habit of ingesting red blood-corpuscles and body-tissue cells is one of the 
points of distinction between E. histolytica and non-pathogenic E. coli. 

In fresh and in stained preparations^ the amoeba is seen to be made up of two 
zones — a granular endoplasm surrounded by a clear protoplasmic ectoplasm. 
The nucleus shows a characteristic uniform structure, if the specimen is fresh 
and fixed while alive ; aberrant forms with fragmented karyosomes, etc., are due 
to degenerative changes {see p. 919). 

These amoebae flow, rather than move, across the slide, and in the living state 
do not always exhibit conspicuous differentiation between ectoplasm and endo- 
plasm as described. They quickly die and degenerate outside the body. At 
lower temperatures they remain stationary, but when the slide is warmed, 
they eject from time to time hyaline “ blade-hke ” pseudopodia (Fig. 69). 
Degenerating entamcebae often contain vacuoles, but these are not normally 
present. When conditions become adverse, they encyst, first passing through 
a precystic stage. 

Cysts . — Cysts vary much in size. They contain highly refractile maisses of 
chromatin, or chromatoid bodies, which may assume the form of blocks with 

^ For the staining of amoebcB in liquid preparations, Schaudinn’s method is employed. The details of 
amcebse axe distorted if attempts sire made to dry the specimen as in a blood-film. 
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rounded ends, and also glycogen- containing vacuoles. When first formed, the 
cvst contains one nucleus, which measures about one-third of its diameter. 
This divides by binary fission, so that finally, in the more mature individuals, 
four small nuclei, each measuring one-sixth of the diameter of the cyst, are 
produced. In general characters the nucleus of the cyst resembles that of the 

CVsts of E. Mstohjtica can survive outside the body of man for about ten days, 
if kept moist and cool. Desiccation kills them immediately, though they survive 
much longer at lower than at higher temperatures. 

Westphal has recorded a significant experiment where an apparently harmless 
E. histolytica infection was acquired by the ingestion of cysts. Some months 
later cultures of bacteria isolated from the faeces of acute amoebic dysentery 
were ingested and a similar dose was given to a control. Both the “ carrier ” of 
E. histolytica and the control suffered from diarrhoea, but on the twenty-third 



Fig. 69. Camera lucida drawings showing protrusion of pseudo- 
podia by Entamoeba histolytica. {P.H.M.-B. del.) 


day, the former developed clinical amoebic dysentery. It was finally determined 
that super-infection with Elexner bacilli excited the clinical manifestations of 
amoebic dysentery. Some workers therefore believe that symbiotic bacilli aid, 
or in some way instigate, attacks of acute amoebic dysentery. This view has 
been to a great extent confirmed by Hoare (1949), who has shown that in the 
great majority of cases the amoeba is coprozoic and feeds on bacteria and faecal 
debris.^ In amoebic dysentery, however, it feeds on erythrocytes. In experimental 
infections of rats it shows every gradation from a commensal life to true 
parasitism. In monkeys E. histolytica usually produces a symptomless infection 
and feeds on micro-organisms, whilst in cultures it may ingest starch granules. 
In addition to this method of nutrition E. histolytica takes up food saprozoically 
by absorption of fluid through the surface of its body. 

Summary of life-history of Entamoeba histolytica . — The active vegetative 
entamoeba hve on the tissues of the gut-wall, where they ingest blood- 
corpuscles and multiply by mitosis. In primary amcebic lesions they 
make their way into the follicles of Lieherkuhn, where they multiply 
and, partly by pressure, partly by cytolysins, dissolve the interglandular 
tissues, producing small amoebic abscesses in the submucosa which sub- 
sequently burst and become ulcers. A number of amoebae then enter the 
lumen of the bowel, encyst, and pass out with the faeces. The precystic 
individuals, which are free from protoplasmic inclusions, congregate on 
the surface of the mucosa. They are smaller than the vegetative forms 
which continue to multiply in the tissues. Typical cysts, which are smaller 
ihft u precystic forms, are quadrinucleate when fully mature. When 
swallowed by another host they pass into the small intestine, where they 
hatch into amcebulse which again attack and invade the tissues. {See 
Appendix, p. 920.) 

ijr, AI BiOTtiers tiaa fmled to produce amoebic infection in rats under conditions of complete 
aterility Ci9^3> 
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This summary epitomizes the generally accepted account o-f the life- 
history of E. histolytica, hut there are some observers, notably Keichenow 
and Hoare, who consider that it is normally an inhabitant of the lumen of 
the intestmal tract and not a tissue-mvader (in the condition known as 

cyst carrier "), but that, under certain conditions, the amoebae may 
invade the intestinal wall and thereby give rise to clinical amoebic 
dysentery. They think that the normal is the minuta form, which 
lives in the intestinal lumen, where it reproduces by binary fission and 
produces four-nucleated cysts. 

Most clinicians consider that E. histolytica is an obligatory parasite, but 
it does live commensably m vitro in cultures and can exist commensably 
in vivo in monkeys. Symptomless human carriers of the infection dis- 
charge amoebae containing bacteria, but no red cells, which indicates a 
commensal habit. Sigmoidoscopic examinations of “ carriers ” reveal no 
lesions in the gut wall and, furthermore, at post mortem the bowel is 
unscathed. Symptomless carriers may discharge 850,000 non-htemato- 
genous' amoebae per grm. of faeces (or 35 million parasites daily] and it is 
unthinkable that such numbers could infest the intestinal wall without 
producing any symptoms. Furthermore, after pm*gation, which causes the 
discharge of numerous amoebae, the number of cysts in the stools is lessened 
suggesting that the parasites have been swept from the lumen of the gut. 
The case for a commensal phase is contained in the life history of 
E. histolytica. At least 50 per cent, of symptomless carriers harbour small 
cysts (under 10 /x in diameter) which do not produce dysentery in cats, 
will not affect rats and are generally agreed to be harmless to man. 

A characteristic feature of amoebic infection of the intestine is the 
periodic variation in intensity, which may be connected with resistance 
on the part of the tissues of the host, or possibly constitutes a feature 
in the developmental cycle of the parasite. 

Occasionally, however, vegetative amoebse migrate from their site in 
the bowel-wall and, as tissue-invading forms, enter the venous system 
and are transported to the liver, exceptionally to the spleen, brain or 
lung ; but by so doing they become unable to complete the cycle of 
development as observed in the intestine, for pre-cystic individuals and 
cysts are never produced in these situations. Amoebic infection of 
the skin has been seen quite often (see p. 535). 

E. histolytica passers.'^ — The healthy passer (or excretor) of E. histolytica 
is an individual who has not suffered, and is not suffering, from dysenteric 
symptoms, but passes histolytica cysts, though otherwise in good health. 
Such cyst-passers may, or may not, have active entamoebaB in the tissues 
of the bowel. 

The cyst-passers may be divided into two classes — (1) contacts who have 
never suffered from clinical amoebic dysentery, and (2) convalescents who 
have recovered from an attack. It is known that, for every abnormal 
person who is suffering from amoebic dysentery with passage of vegetative 
forms which are non-infective to other individuals, there are large numbers 
of healthy persons who continue to pass E. histolytica cysts, thus 

^ “ Cyst-passer” is here used in the place of “carrier,” a term which is not strictly applicable to 
E, hislolyttca. 
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coiis^tituting a pf^rennial source of infection. It is thought that in the 
fii'si case the parasite lives in the faeces, or is commensal, in the second it 
continues to persist in the tissues of the host (the action of diodoquin on 
the parasite may afford the correct interpretation {see p. 513) ). We know 
from post-mortem findings in the Philippines, New Orleans and elsewhere 
that ulceration can occur without producing signs or symptoms, and it is 
well known that liver abscess may also eventuate under those conditions. 

In Paust’s opinion the conception of amoebic invasion of the human bowel 
should include milder types of tissue damage. In a series of accidental deaths in 
New Orleans thirteen cases of E. histolytica infections were disclosed, of which 
seven showed amoebic lesions. There were three types: — (1) initial pinpoint 
ulceration, (2) shallow crater-like lesions, (3) extensive very shallow denudation 
of the mucosa. None of these destructive processes extend beneath the muscularis 
mucosae. 

The lesions of the mucosa may he microscopic. Cytolysis and necrosis 
of the epithelium is followed in the majority of instances by rapid re- 
generation, so that probably only a small percentage develop clinical 
evidences of amcsbic dysentery. The experiments of Walker and Sellards 
showed that, out of 20 men fed with E. histolytica, 18 became parasitized, 
but only 4 developed dysenteric symptoms, though the remainder continued 
to pass cysts in their stools. 

By intrareetal and intracaecal injection of faeces containing cysts into 
cats and puppies, ulceration of the bowel-wall and hepatic abscesses 
have been produced ; but, although the faeces may be swarming with active 
vegetative forms, no cyst-formation has ever been observed in these 
animals. Similar lesions have been produced in kittens by intrareetal 
injection of cultures of E. histolytica. 

Intracaecal infection of young white rats with cultures of E. histolytica has 
proved in recent years a valuable method of studying this parasite and the 
action of specific drugs upon it (W. R. Jones, 1946 ; L. G. Goodwin, 1947). By 
these means they have shown that strains from different sources vary in their 
infectivity and that pathogenicity does not depend upon the number of amcebse 
injected, or upon the severity of the human infections from which they were 
derived. 

Infection^ in carriers of E. liMytica is remarkably persistent and, in 
all probability, unless cured by anti-amoebic treatment, they may continue 
to pass cysts for the remainder of their lives. 

Craig and other American authorities believe that everyone who harbours 
E. histolytica cysts is a candidate for some more serious complication and that 
therefore eVery “ carrier ” should receive adequate treatment. As there are 
many authentic instances where the infection has been observed to die out in 
absence of specific treatment, this is probably an overstatement. 

iTbcidence of cyst-passers or carriers , — Among British soldiers after a year’s 
service in Egypt, Wenyon and O’Connor found that there was no marked differ- 
ence between carriers who had previously suffered from dysentery and those who 
had not (the percentages being 6*5 as against 4-5 per cent.). The carrier rate 
among native Egyptians, as might be surmised, was considerably higher, 13*5 per 
cent. The most si^rising outcome of the systematic examination of faeces by 
pmto^logists during the 1914-1918 war was the almost nniversal presence of 
the histolytica carrier. Yorke, Matthews and Malins Smith found a considerable 
percentage of carriers among lunatics, army recruits, and the personnel of the 
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navy in England. The two former recorded 5 per cent., the latter 19 per cent. ; 
Knenen found a considerable number of indigenous infections in Holland, and 
Brug estimated the carrier-rate as 12*7 per cent, in that country. In the United 
States amongst schoolchildren it may be as high as 10*8 per cent., but in adults 
Andrews and Paulson gave a much lower figure, 0*2 per cent. In New York 
City it is 1*1 per cent, among city dwellers, 5*4 per cent, among foodhandlers, 
and in Philadelphia 5*2 per cent, for the general population. Craig has estimated 
that 10 per cent, of the total inhabitants of the United States are infected with 
amoebiasis. The exact significance of these figures is difficult to determine. It 
certainly does not mean that this comparatively large number is suffering from 
gross ulceration of the bowel, for indigenous amceibic dysentery is very uncommon 
in- England. Even among the insane, with a relatively high cyst-passer rate, 
“ clinical amoebic dysentery ” is rare. Belios and Cooper (1953) have now 
proved that in mentally deficient children in Hertfordshire the incidence of 
E. histolytica infection may be 40 per cent. 

A single microscopic examination probably detects one third of the cases so 
that the true percentage of “ carriers ” in a normal population is about 10 per 
cent, for E. histolytica, 36-54 per cent, for E. coli and 13 per cent, for EndoUmax 
nana. Infection is probably acquired at an early age. Evidence suggests 
that infection of the same order occurs in France, HoUand, Germany and other 
European countries, yet amoebic lesions of the intestine and liver are rarely found. 

Pathology. — The earliest lesions of amoebic dysentery are minute 
yeUow hemispherical elevations of the mucosa, which mark the site of a 
deeper-lying zone of necrosis. By growth in size and localized necrosis 
they form flask-shaped ulcers, the bases of which lie in the submucosa. 
These ulcers are scattered throughout the large intestine, rarely extending 
above the ileo-caecal valve. The appendix may be involved, and Musgrave, 
in 1910, reported three cases of fatal peritonitis due to this ,* since then a 
few other cases have been investigated in which entamoebse were demon- 
strated in microscopic sections. Amoebic ulceration of the ileum has been 
described by Biggam. These were acute and rapidly fatal cases, and 
in neither instance were amoebae demonstrated in the stools, but in 
preparations from the lesions. 

The ulcers may not be larger than a pin’s head or may measure an 
inch or more in diameter, and, as the disease progresses, may become 
even larger. Then the margins are rolled, the edges undermined, and 
the base is formed by fibres of the muscular coat (sea-anemone ulcers). 
The ulcers are capped by dense yellow, green, or even black sloughs (Uyak- 
hair sloughs), which may project into the lumen of the bowel. The 
lesions usually originate in the caecum, are scattered throughout the 
transverse, sigmoid colon and rectal canal. Uusually the intervening 
mucous membrane remains healthy. Amoebic lesions commonly extend 
throughout the large intestine as far down as the internal anal sphincter. 

In 186 cases examined post mortem by Clark in 1924, lesions were scattered 
throughout the colon. in 61 per cent, affecting, in order of firequency, caecum, 
ascending colon, iliac colon, sigmoid, rectum and hepatic flexure. At the sites 
where intestinal stasis is greatest there is a tendency for amoebae to invade the 
bowel waU. 

In chronic amoebiasis there is inflammation and hypertrophy of the 
bowel-waU. Sometimes sacculation and stenosis of the large intestine 
may be produced by cicatrization (Plate X, Fig. 1). 

17 
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Sellards and Leiva demonstrated in experimental animals that when the 
csecum is exposed and infective material is introduced into the lumen, infection 
takes place with surprising regularity, but that, whether it is introduced directly 
into the c^cum or via the rectum, initial lesions occur in the extreme lower part of 
the bowel. Stasis in the large intestine affords the organisms a foothold, and is 
a factor in determining the location of the initial lesion. Wagner and Beiling, 
whose conclusions are almost identical, found that the amoebse at these focal 
points enter the tissues in one of three ways, passing directly into connective 
tissue, crypts, or lymph-channels, where they migrate to the lymph-follicles and 
the submucosa. The intestinal mucosa responds to invasion by secreting mucus, 
which, when mingled with blood, forms an excellent medium for the development 
of amibse on the bowel surface. The balance between host and parasite is delicate. 

Thrombosis of the blood-vessels, in which entamoebse are often found, 
occurs at the bases of the ulcers, and, by erosion, an arteriole may be 
opened, and severe or fatal haemorrhage may result. Perforation by 
ulcers, even massive gangrene, especially of the caecum, may also occur, 
and lead to fatal peritonitis. The ragged ulcerated mucosa becomes 
readily infected with pyogenic organisms. 

In the healing gut, cicatricial pigmented scars mark the^ sites of former 
ulcers. Adhesions may form between proximal coils of intestine which 
become matted together or adherent to the liver and spleen. Pericolic 
abscesses may also sometimes form. 

In chronic cases, polypoid or gangrenous tags project into the lumen 
of the gut. The intestinal contents may be composed of dark, almost 
black hsemorrhagic fscal matter with characteristic penetrating odour. 
Carcinoma may originate at the site of healed amoebic lesions. 

The cadaver shows no signs of toxic absorption, such as occurs in the 
bacillary dysenteries. Apart from wasting, the other viscera exliibit 
few, if any, changes. 

In the last years considerable attention has been paid to the 
amoeboma, or amoebic granuloma, which results from repeated amoebic 
invasion of the colon with superadded pyogenic infection, producing 
progressive inflammatory lesions. This process spreads through the 
bowel wall into the pericolic and perirectal fat, infiltrating the surrounding 
structures. The resulting tumour consists of fibrous tissue, granulations 
and varying degrees of ulceration. Typical amoebic ulcers may be 
present on the surface of the tumour, or no naked-eye presence of 
amoebiasis may be forthcoming. The usual sites are the rectum, recto- 
sigmoidal junction and caecum. Differentiation from carcinoma may be 
difficult. 

Histology. — ^The amoebse work their way down the crypts of Lieberkiihn, 
multiply, and, by secretion of cytolysins, disintegrate the tissues of the sub- 
mucosa and produce gelatinous necrosis, with little surrounding tissue reaction 
and round cell infitration (Pig. 70). In more advanced lesions the entamoebse 
may be seen between the muscular fibres and within the peritoneal veins, whence 
they may be swept as emboli into the portal vein, lodge in the liver, and so 
become the starting-point of amoebic hepatitis or liver abscess. 

The superficial layers of the slough of an amoebic ulcer become secondarily 
invaded by bacteria, though the adjacent mucous membrane remains healthy 
and shows few microscopic changes. The precystic forms of JS, histolytica are 
found in the intestinal mucus and on the surface of the bowel. 
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Fig. 70 .— Section through base of amoebic ulcer, showing E .histolytica in the tissues. 

{C. M. Wenyon.) 


Experimentally-produced amoebic dysentery in kittens differs essentially 
from the disease seen in man. When introduced into the rectum of the cat, 
entamoebsB produce acute inflammation ■within two to three days, The^ lesions 
differ in their generalized and acute character from those observed in man. 
Death takes place from secondary terminal bacterial invasion. Cysts are never 
found, and clironic ulceration does not occur. 

Symptoms.— The incvbationjperiod of amoebic dysentery, from the time 
of introduction of the cysts into the intestinal canal until the development 
of symptoms, may be of considerable length. In the Chicago outbreak of 
1933 it ranged from seven up to seventy-seven days, symptoms appearing 
occasionally -within one week though, in a few instances, not for three or 
four months. The fact that amoebic cysts are found in the faeces of 
individuals who may never have had “ dysentery in the ordinary accepted 
sense, suggests that the development of clinical symptoms may possibly 
depend upon some secondary bacterial infection. 

The great majority of cases of amoebic dysentery run a chronic course, 
with frequent intermissions and relapses. This latency is one of^ the 
most striking and characteristic features. The onset is generally insidious, 
so that the patient may complain more of diarrhoea than of dysenteric 
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STOintoms Perforation of the bowel, leading to fatal peritonitis, has been 
Imown to occur in patients who, judged by clinical appearances, were not 
suffering from dysentery. In mild cases the patient generally complains 
of suddenly developing wmceUc diarrhm.. 

The symptoms, subjective and objective, may closely resemble those of 
bacillary dysentery ; but, as a rule, abdominal tenderness is much less 
acute, md may be restricted to the ciecum, thus simulatmg appendicitis, 
or to the transverse colon, where it may mimic gastric ulcer ; more 
frequently, however, it is limited to the sigmoid flexure. Should ulceration 
occur in the rectum, tenesmus and straining may ensue. The mdividual 
stools are larger than those of bacillary dysentery. They may not exceed 
three or four in the twenty-four hours, but are seldom more than twelve. 
As a rule, they contain much dark and altered blood, which exudes a 
penetrating, disagreeable odour. In consistence and appearance they 
resemble anchovy sauce. Often, blood-streaked mucus is mtermmgled 
with liquid faeces. Melsena may occur occasionally. The motions may 
sometimes be formed, and streaked with blood and mucus. Gan^enous 
sloughs may be voided. Unless the case is complicated by hepatitis, when 
the liver is painful and enlarged, there are seldom any toxic manifestations. 
Aoide cases of amcebic dysentery with high fever and urgent painful 
and severe clinical manifestations are rare. In the Chicago epidemic 
acute cases of unusual severity, with pyrexia and other toxic manifes- 
tations (amoebic fever), were noted. _ ... 

The patient, as a rule, becomes emaciated, but some remain in remark- 
ably good condition, although suffering from repeated relapses. Some 
there are who even become grossly fat. Sometimes the skin is myxenoid 
and the complexion assumes a subicteric tinge. The tongue is moist and 
coated. Vomiting may rarely occm. Generally there is a complete 
anorexia. Dysuria is not noted as in bacillary dysentery, and tenesmi^ 
is rare. The liver is sometimes enlarged, even in the absence of hepatitis. 

In uncomplicated amoebic dysentery, there is usually no pyrexia, but 
cases with intermittent fever are occasionally met and with high continued 
fever (amoebic fever), in absence of any ascertainable complications, and 
these may be recognized by amenability to emetine treatment by the 
discovery of amoebse or cysts in the faeces, or by recognition of amoebic 
ulcers by sigmoidoscopy. In amoebic dysentery there is usually a moderate 
leucocytosis (10,000-12,000 with low proportion of polymorphonuclears— 
about 70 per cent.). 

There still remain a number of obscure conditions of which some mention 
must be made. It is probably true, so variable are the symptoms of 
amcebiasis, that almost any intestinal disease may be simulated. Intestinal 
amcebiasis is not invariMy associated with dysentery or diarrhcea,* It 
may 'occasionally be marked by constipation, by lower abdonainal pams or 
disturbances, very often by neurasthenia, bodily and mental lassitude, 
furred tongue, and disordered digestion, popularly described as an “ un- 
comfoartable belly,” or “ growling abdomen.” Acute upper abdominal 
pain„ with vomiting, is not suggestive of amoebiasis. Pathological changes 
in the bowel may sometimes lead to sacculation or even dilatation of the 
oofcn. Veiy often the ceecmn is distended with gas and the source of 
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mucli discomfort. In chronic cases, diffuse infiltration of the sigmoid 
colon, less commonly of the caecum, can be detected by abdominal 
palpation. 

In the course of prolonged chronic amoebiasis, myxenoid cachexia may 
ensue, suggesting intestinal toxaemia. These patients have muddy com- 
plexions resembling in outward appearances some cases of diverticulitis. 

Often, vithout treatment, symptoms may subside, and the patient 
may be apparently cured, but will relapse after an interval of weeks, 
months, or even seven years or longer. More often he continues to pass 
loose, semi-formed stools. Attacks of diarrhoea alternate with constipation. 
After any physical exhaustion, chill, alcoholic or dietetic indiscretion, a 
fresh exacerbation may supervene. On account of these variable 
symptoms, the infinite variety of abdominal pain, and the occasional 
melsenic stools, it is clear that amoebic dysentery has to be differentiated 
from duodenal ulcer, gall-bladder disease, diverticulitis, pancreatitis and 
neoplasm. 

Amoebic typhlitis . — Amoebiasis of the caecum may be present without 
involvement of any other portion of the large bowel. This gives rise to 
local pain and deep tenderness. Differentiation from appendicitis may be 
difficult. As a rule, the local signs in the right iliac fossa predominate 
over the generalized signs of toxaemia, as in appendicitis. 

Amoebic granuloma or amoeboma . — The discovery of a sausage-shaped 
abdominal tumour in a subject of amoebic infection suggests this possibility. 
Such a tumour may be present in the caecum, transverse colon, sigmoid or 
rectum. It may even be the cause of chronic intussusception, especially 
when situated at the apex of the caecum (Ogilvie). It is usually hard and 
indurated, but tends to vary in size from day to day. Differentiation 
from carcinoma or tuberculoma may prove difficult when E, histolytica 
cysts may be absent from the faeces. 

Hepatitis . — Acute amoebic hepatitis may supervene at any time during 
the course of amoebic infection, while the symptoms are acute, or during 
a remission. The patient usually experiences great pain over the hepatic 
area, together with signs of toxaemia and pyrexia. His attitude is character- 
istic : he inclines to the right trying to protect his liver and carrying it in his 
hands, so to speak. The Uver itself is enlarged ; it may project below 
the costal margin to the level of the iliac crests, and then be extremely 
tender. Pain referred to the right shoulder, due to stretching of the 
diaphragm, is also frequent. Usually there is a leucocytosis of twenty 
to thirty thousand with low proportion of polymorphonuclears. A 
chronic form of amoebic hepatitis without pyrexia or leucocytosis is 
also recognized. 

Hepatitis may subside without any active treatment. There is some 
evidence that in these cases the amcebse are distributed throughout the 
liver, with embolic spread, suggesting a portal distribution. Fortunately 
in tins situation it is particularly amenable to emetine treatment and 
chloroquine p. 531). 

Complications. — Death may result from exhaustion, intestinal haemor- 
rhage, perforation, or Uver abscess. 

The most frequent complication of amoebic dysentery is liver abscess. 
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Perforation of the bowel may be sudden, or be preceded by intense 
local pain, which, v;hen restricted to the right iliac fossa, may be mistaken 
for appendicitis. According to Howe this is a rare event, but is a very 
serious one. The bowel is usually so friable that at operation the sutures 
fail to hold. In subacute perforation pericolic abscess may be produced, 
especially in the descending or sigmoid colon. Intestinal obstruction from 
an amoebic granuloma (amoeboma) has been recorded. When such a 
growth forms in the caecum it may resemble hypertrophic tuberculosis or 
malignant disease. 

Amcebiasis may be superimposed upon bacillary dysentery, or vice 
versa. In Egypt, intestinal amcebiasis is often found associated with 
Schistosoma mansoni. Visceroptosis, distension or sacculation of the bowel, 
leading to intestinal stasis, may constitute distressing results of am(Bbio 
dysentery, but stricture of the rectum does not commonly ensue. 
Appendicitis due to amoebic ulceration is not uncommon. Snapper has 
recorded a psoas abscess as the result of perforation of an amoebic ulcer 
of the caecum. 

Sequelae. — Many sequelae of intestinal amcebiasis have been described, 
often on insufficient evidence, and it is very difficult to prove direct 
association of different obscure chnical states with a past irifection with 
E. hisiolytica. The Editor behoves that certain intestinal conditions 
occur frequently as the aftermath of amcebiasis; such are appendicitis 
(not necessarily caused by amoebic ulceration), and mucous colitis. Chronic 
amcebiasis, besides producing chronic ill-health, very often contributes to 
introspection and neurasthenia. 

Diagnosis. — It is safe to regard acutely developing tropical diarrhoea 
either as bacillary or amoebic dysentery, though clinical distinctions in 
the less acute manifestations are often unreliable. Assistance in diagnosis 
may be obtained from the more rapid onset, the febrile condition, and 
the rapid pulse in the bacillary disease. As a rule, the number of stools 
in bacillary dysentery is greater and their individual size less. The 
character of the stools should also be taken into account. Usually they 
are more offensive and contain more dark blood in amcebic dysentery. 
Occasionally, however, they may be tarry, suggesting duodenal ulceration. 

Laboratory diagnosis should alw^ays be resorted to, having regard to 
the experience of the observer and his ability to determine whether any 
amceba-like body discovered in the faeces is in fact E. histolytica, E. coli, 
or some large tissue cell, such as a macrophage (Plate XI). With practice 
this becomes comparatively easy. Entamoebse may be absent in some 
portions of a stool ; numerous in others. Several preparations must be 
searched, at first with the f-in. lens, subsequently with the J-in. When- 
ever possible, a portion of blood-stained mucus must be picked out for 
exa min ation. The organisms may be difiScult, or almost impossible, to 
detect in a specimen containing too much blood, and it is important that 
the specimen should be as fresh as possible. The discovery of an active 
amoeba containing ingested red blood-corpuscles is generally sufficient 
to establish the identity of E. hisiolytica. In the more chronic and 
latent forms of the disease the characteristic cysts must he sought. 



MICROSCOPIC APPEARANCE OF CELLULAR EXUDATE 
IN ACUTE BACILLARY DYSENTERY (Shiga infection) 

Fresh preparation. Shows macrophage cells with ingested red blood- 
corpuscles, intestinal epithelium and polymorphonuclear leucocytes. 

(P. MansoU’Bahr} 

Plate XI 



MICROSCOPIC APPEARANCE OF EXUDATE IN AMOEBIC 

DYSENTERY 

Fresh preparation. Shows active Entamceba histolytica, some with ingested 
red blood- corpuscles : acicular Gharcot-Leyden crystals and disintegrated 
intestinal epithelium. 

(P. Manson-Bahr) 

Plate XII 



DIAGNOSIS OF AMCEB 


, 505 


It has often been claimed that daily purgation with salts promotes 
discharge of amoebic cysts, but this is by no means certain. Concentralji^^ 
methods for the detection of cysts are most useful and cultural methods 
less satisfactory. Entamoebse and their cysts can at first be recognized 
under a low-power lens as “ bright stars/* of higher refractility than 
other cells, especially with the eosin contrast method whereby the back- 
ground is stained pink whilst cysts stand out as clear refractile objects. 
Examination should not be considered as completely excluding an amoebic 
infection until the stool has been searched on each of seven consecutive 
days. Cultural methods may assist diagnosis in scanty infections. 

In cases in which there is any doubt of the identity of the cysts, they 
may be stained by the rapid, or by the more prolonged iron-hsematoxylin 
method. Mixing the fresh faeces with a solution of Weigert’s iodine 
brings out nuclei and other characteristics ; concentration methods may 
also be applied {see p. 1087). 

Charcot-Leyden crystals are commonly found in the faeces in amoebic 
dysentery, and their presence has been regarded as of diagnostic importance. 
The crystals vary very much in size, averaging 5-25 fi ; their t 3 rpical 
shape resembles a whetstone, and they are soluble in warm water, strong 
mineral acids, and alcohol. They may also be found in preparations from 
amoebic ulcers, obtained through the sigmoidoscope (Plate XIII). 

The Editor has pointed out the danger of attaching too much importance to 
Charcot-Leyden crystals as necessarily diagnostic of intestinal amoebiasis. He 
has found them in malignant disease of the rectum, mucous colitis, coccidiosis 
(Isospora hominis), ulcerative colitis, and various helminthic infections {see 
p.641). 

Complement-fixation reaction (Craig). — Craig described a technique for the 
preparation of amoebic antigen and for carrying out this test, which is practically 
the same as that used for the Wassermann reaction. The antigen is an alcoholic 
extract of cultures of E, histolytica grown upon a modified Boeck-Drbohlav 
medium. A rich culture is selected and from this at least 120 sub-cultures are 
made. Then all the material at the junction of the egg slant with Locke’s serum 
solution is pipetted into suitable tubes, centrifuged and the sediment extracted 
in the incubator at 37° C. for fifteen days with seven and a half volumes of 
absolute alcohol. Craig has now published results firom 1,000 cases in which 
diagnosis was checked by the faeces examination. Of those giving a positive 
reaction (175), E. histolytica or cysts were found in the faeces of 89*7 per cent. 

Meleney and Frye have tested the value of complement-fixation in experi- 
mentally infected animals inoculated parenterally with amoebic extracts. 
Experimentally infected dogs and monkeys usually gave a positive reaction. 

Recently more specific antigens have been prepared by Wright and others 
using a rich culture oiE. histolytica grown in association with Trypanosoma cruzi* 

Amoebic hepatitis has to be distinguished from subtertian malaria, 
acute cholecystitis, gallstone colic, or empyema of gallbladder. To those 
unfamiliar with the vagaries of amoebiasis the acute onset with pam may 
suggest rupture of a peptic ulcer. Differentiation of amcebic tjrpMtis from 
acute appendicitis, or appendix abscess, sometimes presents dif&culties. 
For many reasons operation is undesirable in uncomplicated amoebiasis. 
Appendicitis is, however, a not infrequent sequel of amoebic dysentery. 
In amoebic typhlitis the X-ray appearances by barium enema assist. 
The o®cum is distorted and there are usually filling defects. Tenderness is 
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diffuse, not locaKzed dii-ectly over McBumey’s point and the leucocj^te 
resp<^se not so great as in appendicitis. 

Siginoidoscopic excttnincLtion . — Amcnbic ulceration may extend into the 
rectal canal, so that sigmoidoscopic examination, conducted without an 
anesthetic, usually affords valuable information. Commonly, small 
yellow ulcers with surrounding hypersemia are seen, especially in the 
region of Houston’s valves. It is often possible to demonstrate living 
entamoebffi in the scrapings, even when they cannot be found in the 
faeces.^ In contrast to chronic bacillary dysentery instrumentation is 
practically painless. Amoebic ulcerations may be touched or scraped 



Fig. 71 ,— Amoebic dysentery, showing tissue-invading E. histolytica in scrapings of 
ulcer obtained through the sigmoidoscope. 

without causing any painful sensation. The mucous membrane surround^ 
ing individual lesions shows absence of inflanomation, preserves its 
normal pink colour, but it is usually more reticulated and folded than 
normal. Amoebic lesions are then seen in the crypts between the folds, 
either as small, yellow elevations the size of a pin’s head, or as superficial 
snail-track ulcers with haemorrhagic margins (Plate XIII). Large ulcers 
are rare. The unit of ulceration is a flat, shallow depression, with 
undemoined edges, and of irregular diamond shape. Often the only 
signs of abnormality are small, flame-shaped haemorrhages, in the centre 
of which entamcebae may be demonstrated in scrapings obtained by means 
of a long-handled Volkmann’s spoon passed through the sigmoidoscope 
(Pig. 71) . A porcupine quill forms a convenient instrument for transferring 
material from the spoon to the microscopic slide. American authorities 
describe an aspiration technique for obtaining material from the bowel 
for microscopic examination. 

> By Uiis tedinique the Editor has diagnosed amoebiasis in a case resembling enteric fever. 


Fig, 1.— Acute bacillar}^ dysentery 
(Shiga infection’!. Note 
(Edema of mucosa and 
submucosal haemorrhages. 


Fig. 2.“-Chronic bacillary dysen- 
teiy^ iFlexner infection i. 
Note granulations on 
mucous membrane. 



Fig, 3.— Acute amoebic dysentery. 
Note folding of lax mucous 
membrane, pin-point 
ulcers and surrounding 
submucous haemorrhages. 


Fig. 4.— Chronic amoebic dysentery. 
Note diamond- shaped 
ulcers and submucous 
haemorrhages. 


[P. Mauson-Bahr] 

SIGMOIDOSCOPIC APPEARANCES OF RECTUM IN BACILLARY 
AND AMCEBIC DYSENTERIES 


Plate XIII 
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In the Editor’s series of 585 cases of intestinal amcebiasis, 509 were 
diagnosed by microscopic examination of faeces, in the remainder by 
demonstration of amcebae in scrapings from amcebic ulcers. Out of 258 
sigmoidoscopic examinations, amoebic lesions were demonstrated in 234. 
Morton (1946) has stated a somewhat depressing fact that sigmoidoscopic 
appearances appear normal in 20 per cent, of proven amoebiasis. 

In chronic, partially-healed amoebic dysentery, or even in symptomless 
cyst-passers, amoebic lesions may be distinguished as minute oval circular 
pits, or depressions (“ pin-point craters ”), irregularly disposed. They may 
be almost microscopic, requiring a magnifying eye-piece for their detection. 
The Surface of the bowel may be peppered with them, giving the 
appearance of an aerial photograph of bomb craters. The term “ pigskin 
appearance ” has been appropriately applied by Cropper to minute 
scattered pits, resembling pinpricks on a plasticine surface, which 
persist even after treatment. The Editor regards them as common 
and most characteristic. Occasionally solitary amcebie ulcers, resembling 
carcinoma, are seen in the rectum, twenty years or longer after the primary 
infection. Granulomatous tumours (amceboma or amoebic granulomata) 
may also be discovered. 

Proctoscopy affords an easily performed and less painful method of viewing 
the rectal mucosa. No special preparation is necessary. A tubular 
proctoscope about 6 in. long should be employed. The appearances are 
similar to those already described. Sometimes small granular areas and 
minute bleeding points can be seen. The Editor now employs this as a 
routine method aided by biopsy material removed with a special instrument. 
The cellular picture on microscopic examination gives valuable information. 
These observations have been confirmed by Jackman and Cooper. 

X-rays in diagnosis . — Vallerino described, as indicative of amoebic lesions, 
filling defects in cseouni and ascending colon with, deficient haustration of the 
bowel, seen after a barium meal, but not so easily after an opaque enema. X-ray 
diagnosis has been tried on an emended scale at the Hospital for Tropical Diseases, 
London. Occasionally filling defects have been observed in the cseeum, but 
similar appearances are seen in other forms of dysentery and colitis. Only un- 
satisfactory assistance can be obtained by this method. Sometimes when the 
csecum is ulcerated the outline becomes ragged and triangular-shaped. 

Differential Diagnosis. — Differential diagnosis has to be made from many 
other conditions in which blood and mucus are passed in the stools, in 
effect from all other forms of dysentery, colitis, or even other types of 
intestinal disease. Differential diagnosis from malignant disease of the 
bowel deserves emphasis, especially when the hypertrophic form of intestinal 
amoebiasis — amceboma or amoebic granuloma — ^is present (see p. 503). Such 
a tumour is generally sausage-shaped and may reach the size of 12 by 10 cm. 
and may cause partial occlusion or intussusception. Reliable diagnosis can 
usually be made by microscopic examinations of scrapings or by removing 
tissues by biopsy when entamoebse may be demonstrated in sections. This 
applies especially to the solitary ulcers described above. The X-ray appearances 
of amoebic hepatitis are very variable, as it is only in upward enlargements of 
the liver that elevation of the right dome of the diaphragm and restricted 
movement can be observed on screening. The paradoxical movement of the 
diaphragm is elicited by Muller’s or Hitzenberger’s tests. The former — ^upward 
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movement of the diaphragm on attempted respiration with closed glottis or 
nose and mouth— indicates damage to the power of contractility of the 
diaphragmatic muscles. The latter, produced by short respiration through the 
nose with mouth closed, is a modification of the former. This causes a short 
lasting negative intra-alveolar pressure due to respiratory expansion of the 
thorax with insufficient exchange of air. Blurring of the outline of the 
diaphragm is probably due to local changes and oedema. 

Tbbatment 

Many diverse drugs have been advocated for amoebic dysentery. Treat- 
ment requires careful supervision. Specific drugs may be preceded by 
a purge ; castor oil being the most suitable. Opium, as a routine measure, 
should be avoided. The dietary should he carefully regulated and, in 
the acute stages, nursing is important. As most drugs used in the treat- 
ment of amoebiasis contain toxic principles, especially emetine and its 
derivatives, a definite diagnosis of amoebiasis must be made before they 
are exhibited. Unfortunately there exists a reprehensible tendency to 
inject emetine indiscriminately as a diagnostic measure in all forms of 
dysentery. 

I. Emetine. — There are four alkaloids of ipecacuanha but only one, 
emetine, has definite therapeutic properties. Emetine hydrochloride 
should be injected subcutaneously or intramuscularly. It is a toxic drug, 
especially to children and women, when given intravenoudy, or in excessive 
doses. 

BobeU showed that emetine is lethal to amoebae in culture, in a strength of one 
in five million. Nossina proved that this action is influenced by the acidity of the 
medium. It has a sKght action in an acid medium, but the effect increases as the 
reaction approaches neutrality. The optimum is 6*8. Cephseline is far less 
effective- It is curious that emetine and cephseline, though pre-eminently active in 
preventing multiplication of E, histolytica, do not apparently exert any direct 
action. On the other hand, a derivative of emetine— dimethoxyemetine, which 
has a potent direct action, fails to cure the infection in man. 

In large doses, greater than 1 grain a day, emetine is apt to produce toxic 
symptoms. It has a cumulative action and may lead to asthenia, cardiac 
irregularity, emaciation, mental depression, and, in rare cases, to myositis 
or even neuritis which may affect a particular group of muscles and 
produce partial paralysis, sometimes even atrophy of the scapulo-humeral 
group, resembling chronic poliomyelitis. Emetine therapy is frequently 
followed by fine branny desquamation of the skin and atrophic brittle 
condition of the nails. (Eig. 72.) Emetine by injection exerts no action 
on the pre-cystic forms of E, histolytica. 

The effective dosage of emetine seriously overlaps the toxic range. In special 
study by Brown in the Mayo Clinic toxic effects were recorded in 23 out of a 
series of 554 cases. Being a cytoplasmic poison emetine is especially toxic when 
given to patients with bacillary dysentery. Apart from its general action on 
the tissues, it has an especial affinity for the heart. This action has been shown 
by Epstein to be on the myocardium and the conducting fibres, and it may even 
produce auricular fibrillation.^ Sodeman, D’ Antoni and Boerner (1952) have 

* By dectaxKsardiograpMc methods Heilig and others have shown that the cardiac effects have-possitly 
l>een exaggerated. ^ 
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reinvestigated the subject of intoxication of emetine. They find that the usual 
dosage of 10-12 gr. in 1 gr. daily doses is perfectly safe for the average patient, 
but that the optimum dose should be based on a dose/weight ratio of 10 mgm. per 
kg. weight. There is a great variability of the patient’s reactions to emetine. 
Improperly-conducted emetine injections, especially in debilitated persons, may 
produce fixation abscesses or ^^idespread cellulitis, and the Editor has seen two 
cases where this was so extensive that the patient nearly lost his arm. Eczema, 
or even ulcers, may be provoked at the site of injection. Often the stiffness and 
irritation resulting from emetine injections are intolerable. Most of these draw- 
backs may be obviated by giving intramuscular injections. 



Fig. 72. — Effect of emetme intoxication on the nails : increase 
of lunule, striation and brittleness. (Dr. T. Jackson.) 

It should never be given hypodermically to patients who are leading an active 
life or taking hard physical exercise. This rule is too frequently disregarded, 
and permanent damage may result. 

It is best to initiate treatment with a course of deep subcutaneous or 
intramuscular injections of emetine hydrochloride (1 gr. in 1 ml. of distilled 
water) daily for ten or twelve days. This does not suffice to eradicate 
the infection from the bowel. It should therefore be supplemented by a 
course of the double iodide of evietine and hisMuth (emetine-bismuth iodide), 
Emetme injections are much more effective in metastatic amoebic hsions 
(hepatitis, etc.) than in intestinal amcebiasis. Disagreeable sequelae may 
be avoided ff the skin is pinched and the needle inserted deep subauianeously. 

The prevailing practice of giving periodic courses of emetine by injection 
in chronic amcebiasis is subject to serious objections in so far as it tends 
to render E. histolytica emetine-resistant and to make further treatment in- 
effectual and has probably been responsible for many therapeutic failures 
during the second world war. 
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II. Emetine -bismuth iodide was introduced by Du Mez in 1915 
and later it was popularized by Dale. It contains 58 per cent, of iodine 
and 28 per cent, of emetine. In the intestine the insoluble salts of bismuth 
are converted into bismuth sulphide after passing the pylorus. It is 
indicated especially in chronic cases and in persistent passers of E. 
histolytica cysts. More usually known as E.B.I. it is an insoluble powder 
from which the emetine is set free by contact with the intestinal juices! 
It was formerly said not to be decomposed in acid solution (e.g. gastric 
juice), but this is incorrect. It passes through the intestinal canal un- 
absorbed, if compressed into a hard tablet, or if coated with some insoluble 
substance, such as paralBdn, vaseline, resin, keratin, or stearin. It is best 
made up in powder form in gelatin capsules {Slipules), or mixed with 
jam or syrup. The maximum individual dose for an adult is 3 gr. 
(0-2 grm.) per diem for ten to twelve consecutive days, but, if not well 
tolerated, smaller doses suffice. For delicate individuals and women the 
dose should commence with 1 gr. and be gradually increased. This drug 
is more easily tolerated in temperate climates than in the tropics. 

The drug is dispensed as a red powder ; the capsules of gelatin are manufac- 
tured as Slipul&s, No. 5 size capsule will contain 1 gr. of E.B.I. If the full 
dose is ^ven, it is better from the point of view of the patient to take one capsule 
containing 2 gr., but, when treatment is commenced with smaller doses, the 
patient becomes gradually accustomed to the drug. 

If gelatin capsules have been kept for some time they tend to harden and 
become insoluble. They should therefore be pricked with a pin before being 
administered. Sugar-coated preparations are also quite satisfactory. 

A more satisfactory preparation (dispersible) has been issued by 
Burroughs, Wellcome. This diffuses evenly in the duodenal contents, 
thereby aiding its absorption. The results obtained are more satisfactory 
than with the original preparations. 

^ It is important to observe certain precautions in giving this drug. When 
given at 10 p.m., the last solid food should be taken at 6 p.m.; the patient 
should remain at rest ; he should endeavour to go to sleep, and any saliva 
should be wiped from the mouth. 

Vomiting and diarrhoea may occur in the earlier part of the course, and 
are to be viewed as ai^ indication that the drug is being absorbed. Diar- 
rhoea is a necessary prerequisite to cure, because precystic forms of E. 
histolytica live on the mucous surface of the bowel, where they are not 
affected by hypodermic emetine, but are destroyed in the lumen of the 
bowel.^ If no symptoms of nausea supervene, it is probable that the 
cachets are not being dissolved and their contents freed. It is necessary 
for the patient to remain in bed and take a liquid or milk diet with 
^gs and toast. 

^ Excessive' vomiting and nausea may be mitigated by 10-15 min. of 
ojpih given half an hour previously, or, in some patients, by nepenthe, 
lummal, allonal, or chloretone. Most patients lose about 6 lb. in weight 


idea of B3.I. therapy is that emetine should reach the large intestine nnabsorbed. 
^ proporly solved. Tests for emetine in the mlne^ould^erformed after 

patients taJdng varies 

should Iw Snelling's reaction for emetine consists of adding a few drops 

of HOI to potassium chlorate, which, with emetine, gives an orange red colour which soon cS^es to violet. 
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while under treatment. The condition of the heart and pulse should be 
noted daily, but treatment should not be discontinued uidess depression 
becomes severe. Almost invariably a fall in blood-pressure (about 20 
mm. of mercury) ensues. When the cure is completed the patient should 
be gradually permitted to resume activity, though dieting (see p. 515) 
may still be necessary. 

Eor relapsing cases it was formerly considered necessary to give more than one 
course of E.B.I. and some w'ere thought to be due to amoebse which had become 
resistant to emetine. Too much reliance should not be laid on isolated stool 
examinations, on account of the vicarious appearances of the cysts, but it is advis- 
able to re-examine faeces microscopically at the end of six weeks. The results of 
treatment are much better controlled by periodic sigmoidoscopic examinations. 
For some considerable time after disappearance of active lesions, small pits or 
depressions of the mucous membrane may be seen. 

A modification of E.B.I. — emetine periodide (E.P.I.) — ^is less toxic. It may be 
given in capsules in dosage of 3 gr. daily, in conjunction with capsules of dried 
ox-bile, gr. 5, which facilitates liberation of emetine. The Editor favours E.P.I. 
for those who cannot tolerate E.B.I. 

Auremeiine (Willmore and Martindale) is a combination of emetine with aura- 
mine (a dye). It is given by the mouth as a dark-maroon powder which is in- 
soluble in water. It is less easily decomposed than E.B.I. in the gastric juice. 
The dose, 1 gr. in gelatin capsules (slipules), is given four times daily on alternate 
days for seven days, and then daily until a total of 40-60 gr. has been 
taken. 

III. lodine-oxyquinolme-sulphonic-acid preparations {QuinoxyV) 
— Sodium-iodoxy-quinoline sulphate is also known as Chiniofon (B.P.), 
Yatren (Bayer), Quiniostdjphan (May & Baker), Amyodin (U.S.A.)^ and 
Dysentulin (Grerman). It is a mixture of four parts of 7-iodo-8-hydroxy- 
quinolme-5-sulphoiiic acid, containing not less than 26'5 per cent, com- 
bined iodine, and one part of sodium bicarbonate. There is some chemical 
reaction, so that the preparation may contain a small amount of sodium 
hydroxyquinoline sulphonate, in addition to sodium bicarbonate and 
iodohydroxy-quinoline sulphonic acid. In solution 100 parts of quinoxyl 
yield approximately 85 parts of iodohydroxyquinohne sulphonate. 
Quinoxyl can he given either by the mouth or by retention enema. By 
the former route the maximum daily dose is 1 grm. (15 gr.) m powder 
form, in capsules, or keratin-coated pills, for ten days. After an interval 
of one week this course should be repeated. The drug is excreted in the 
urine, and can be recognized by the oxyquinoline test (green colour with 
perchioride of iron). Quinoxyl in pill form (4 gr. each), acts best when 
acute symptoms of amcebiasis have been controlled by emetine. The 
maximum dose is four a day. 

Quinoxyl should be given as rectal injections (retention enema), as well as by 
the mouth. The bowel must first be washed out and cleared of mucus by an 
enema (1 pint) of 2 per cent, sodium bicarbonate at 8 a.m. One hour later 
227 c.c. (8 oz.) of a 2*5 per cent, solution of quinoxyl, in warm water, is introduced 
through a stout rectal tube. The patieut should be encouraged to retain th© 
~ solution as long as possible, fi:om 8 to 10 hours. The solution is then returned 
as a greenish liquid containing mucus and debris derived from the bowel. The 

^ A, somewhat similar compoand is iodochloroxjquiiioluie or enteroviofoim, which has proved eSective 
in monkey amoebiasis (Leake). 
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course of rectal injections is continued for ten days. The course may be repeated 
two or three times \^nth a week’s interval between each. Dieting and rest in bed 
are absolutely necessary. 

IV. Combined or synergistic treatment.— This method of treat- 
ment gives permanent results. There have been some relapses in the 
series, which have been subsequently cured by further treatment. It is 
assumed that E.B.I. acts on the amoebic lesions in the upper portion of 
the large intestine, quinoxyl on ulcers and lesions situated in the lower 
portion. It is necessary that the patient should he at rest and in bed the 
whole of the ten days of this treatment. Due attention must be paid to 
the dietary. It is not necessary to give more than a total of 36 gr. of 
E.B.I. and the maximum individual dose should not exceed 3 gr. 

Scheme of Dietaey and Combined Treatment 
FOR Intestinal Amgebiasis 

7 a.m.j pot of tea and 2 oz. milk. 

7.30 a.m., one egg, buttered toast, cup of tea and 2 oz. milk. 

8 a.m., sodium-bicarbonate enema, 2 per cent., 1 pint. 

8.30 a.m., quinoxyl 2J per cent, by rectum (8 oz.). 

9 a.m., 8 oz. milk. 

10.30 a.m., juice of an orange, glucose J oz. 

12 noon, liver soup, chicken or fish, toast, butter, custard or milk jeUy, baked 
apple. 

4 p,m,, boiled egg, toast, butter, juice of one orange and J oz. glucose, grapes or 
ripe banana, sponge fingers. 

6 p.m., quinoxyl enema voided. 

6 p.m., 8 oz. niilk ; bath. 

9.30 p.m,, sedative (luminal gr. 1). 

10 p.m., E.B.L (gr. 3). 

10.30 p.m,, sleep. 

During combined treatment the patient should be nursed in bed and should 
be allowed to get up for his bath. He may be allowed to use a night commode 
for stools and for voiding the residue of the quinoxyl enema. On the first night 
E.B.I., gr. 1, is given ; subsequently, gr. 2 and gr. 1 
After •the completion of treatment, the patient must be permitted two 
days’ rest to regain his strength, as a sense of weakness or stiffness is 
produced in the limbs ; but, if carefully carried out, this treatment is not 
specially exhausting. 

^ Other methods of treatment. — Stovarsol {Acetarsol), an arsenical prepara- 
tion (3-acetylamino-4-hydroxyphenyl-arsonic acid), containing 27*2 percent, of 
ai^nic, has been advocated, mainly in France, as an amoebicide, and has been 
widely used in the treatment of amoebic dysentery in combination with other 
drugs. It has a feeble amoebicidal action, but stimulating properties. Its 
spedal u^ is in the after-cure of amoebiasis. It is dispensed in 4-gr. tablets, and 
the maximum dose is two daily for one week to ten days, but not longer ; in 
sensitive persons not more than one tablet daily is advisable. This drug has to 
be careMy watched, as it may give rise to a toxic erythema with pyrexia 
le^mhling ^rman measles, or even to exfoliative dermatitis and a delayed 
^pular toxic rash has been seen three weeks after the administration of the 
drug^ None of these arsenical drugs should be administered to patients in 
^om Hver damage is suspected. Other varieties are known as Spirocid, 
Orarsan (Boots) and Halarsol (May & Baker). 
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Carharsone has been much used in America and is given in the same manner as 
stovarsol, and has apparently the same therapeutic properties and the same 
indications. Most American authorities advise a dose of 0*25 grm. tv^nce daily 
in capsules (pulvules) for ten days. Both stovarsol and carharsone may be 
administered per rectum in the form of retention enemata of 2 grm. in 220 ml. of 
warm 2 per cent, sodium bicarbonate solution. Amibiarson is a similar compound. 
All these are useful in cyst -passer eases. 

Anderson et al claim that two trivalent derivatives of carharsone — dithio- 
carboxyl methyl and phenyl — are more efficient than the original pentavalent 
salt. It is thought that the latter is normally converted into the former in the 
body. 

Milihis (Wia) (Winthrop) is-a bismuth, derivative ofp-X-glycolylarsanilic acid, 
and contains 15 per cent, arsenic in pentavalent form and 41*88 per cent, bismuth. 
It has an action rather similar to that of carharsone, but is, however, less soluble and 
has acquired a very considerable reputation in the treatment of chronic amoebiasis 
especially in emetine-resistant cases. The tablets, of 250 mgm. each, are given 
two to three times daily for seven days. It appears to be particularly non-toxic. 
(IVIilibis is amoebicidal m dilution of 1 : 1000 to 1 : 2500.) Although it contains 
15 per cent, arsenic and 42 per cent, bismuth, these are split off so slowly and 
incompletely that it is almost impossible to MU animals in toxicity experiments. 
Only 2 per cent, of the arsenic is excreted in the urine. 

V to form, or enterovioform (iodochlorhydroxy quinoline), is somewhat similar 
to iodoform and contains 37*5 per cent, of iodine. It is administered by the 
mouth in gelatin capsules each containing 0*25 grm. (4 gr.) of the powder, three 
times daily, for ten days. In chronic cases it may be injected for ten days as 
retention enemata, consisting of 150-200 ml. of warm water m which 2 tablets 
have been dissolved. 

Diodoquin, Diiodohydroxyquinoline, Dihaloquin, Savorquine, or Emhequin 
contains 63*9 per cent, iodine, and was first introduced in 1935 by Craig and 
d’ Antoni. Its action is similar to that of vioform and has proved itself a valuable 
drug. It has very definite amoebicidal action, but is not satisfactory in the 
active stages of amoebiasis, though of great assistance in clearing up symptomless 
cyst carriers. In a few cases it causes pruritus ani. Tablets of 3*2 gr. are given 
by the mouth. The customary dose is 8 tablets daily for 15 days. 

Canessme, the alkaloid of kurchi bark (Holarrkena floribwnda), which was 
formerly used in India for the treatment of amoebiasis, has once more come to the 
fore. Stench writers are unanimous in its praise and consider that it will replace 
emetine. Criticisms are being levelled at its widespread use on account of its 
toxicity to the nervous system, and its ineffectiveness in hepatic amoebiasis. 
(Lavier, Crosnier and Merle.) Porte uses it especially in amoebic dysentery cases 
which are resistant to emetine and Merle found it most successful in children. 
Conessine in tablets of 0-5 grm. is given three times daily for a total of 5*5 grm. 
An important drawback to this treatment is its liability to produce alarming 
psychotic upsets. Kurchi bismuthous iodide ( Anabin) contains the total alkaloid 
of the bark, is given in 10 gr. doses twice daily for 10 days without producing 
undue disturbance. 

Antibiotics in Treatment of Amoebic Dysentery 

has been shown to exert an action upon E, histolytica in culture {see p. 921) 
but most authorities (Anderson, Bradin and Hansen) suggested that aureo- 
mycin is not directly amoebicidal when tested out on 52 African cases, five of 
which were of exceptional severity. The first effect is to lower the number 
of stools and to reduce the bacterial flora. The dose employed is 0*25 grm. 
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four times dailv fl gm.) for 15 days. Treatment is controUed by daily 
SoidoscopyVMch reveals rapid granulatmn; twelve for instance, 
S completely healed by the fourth day. Diarrhoea ceased in 1-2 days 
Disappearance of amoebs was not only rapid, but dramatic. The e^ct 
was Wever temporary, because the relapse rate was high withm 
Sweels oTcessatL. ^Armstrong, Wilmot and Elsdon-Dew (1950) in 
AJrieans gave 0-25 grm. four times daily at six-hour intervals for 15 days, 
bailv sieWdoscopy showed remarkably rapid healmg. Disappearance 
of amoebse was equaUv rapid, but relapse rate was high. McVay has 
given larger doses totalling 19-22-7 grm. in doses of 0-5 grin., fom times 
daily, when blood levels were estimated at 8 in/a per cent, and final results 
satisfactory. 

Bacitracm.—Recent work on this antibiotic is by Most and colleagues. 
His results were encouraging, resulting in clinical cure and the rapid dis- 
appearance of E. histolytica from the stool. The daily dose varied from 
40,000 to 120,000 units by mouth and was continued for 5-20 days. 
Eventually the course was standardized at 80,000 units daily for 10 days. 
Sixty-six per cent, of cases were cured after one treatment, but the relapse 
rate was high; however, further treatment resulted in the cure of another 
83 per cent. Bacitracin has therefore been rated as an important addition 
to the list of anti-amoebic drugs. 


Terram^/cin.— This new antibiotic has been introduced into the 
treatment of amoebiasis and has received some favourable comment. 
Sanchez and coUeagues in Mexico found that 40 mgm. per kg. for 4 days 
resulted in a satisfactory cure. Most and van Assendelf t (1951) have used 
it on a much more extended scale with doses of 1 grm. for children and 

2 grm. for adults dady for from 5 to 10 days. Out of 37 persons treated with 
a full course all, but one, remained free from parasitic relapse. Terramycin 
appears to be the most active of all the antibiotics so far introduced m 
treatment of amoebiasis. Crosnier and colleagues (1951) have treated 
17 patients from Indo-China with rather larger amounts of the drug; 

3 grm. daily for 5 days and then another 2 grm. daily for a similar time. 
The clinical response was said to be spectacular. Finally they state that 
terramycin frees 100 per cent, of patients of E. histolytica .* aureomycin 
60 per cent, and bacitracin 28 per cent. 

Fumagillin,—Aii antibiotic isolated from aspergillus culture (Hanson 
and Eble) was found unexpectedly to be a potent amoebicide. McCowen 
and colleagues have demonstrated that it can inhibit a strairi of F. histo- 
lyticaf in association with a mixed bacterial flora, in dilutions as high 
as 1 in 130 milHon. In rats csscal infections are cleared up by administra- 
tion of 11 mgm. of fumagillin per kg. body-weight in the space of two days. 
In monkey amoebiasis fumagillin is very active (Hrenoff and Nakamura). 

General observations on antibiotics. — ^Elsdon-Dew and associates (1952) 
have produced the most complete investigation upon the effect of 
antibiotics in acute amoebiasis. 

It was thought that the main action of antibiotics was on organisms other 
than ttie amoeba, but now there is evidence that aureomycin and terramycin 
have some direct anti-amoebic effect, but against this it has been shown that 
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the former drug has such effect on these organisms in amoebic abscess or in 
amoebic hepatitis. One great feature of the antibiotic treatment is the 
rapidity with which the lesions heal and the amoebae disappear. With 
aureomycin 1 grm. daily in divided doses, on the tenth day 67 per cent, of 
cases had been cleared of their ulcers and 98 per cent, of their amoebae: 
with terramycin in the same doses, 84 per cent, and 94 per cent., respec- 
tively. Procaine penicillin and succinyl sulphathiazole appear to have a 
synergistic effect and were much more successful than in combination with 
other sulphonamides. With all these antibiotics early relapses after 
4-8 weeks are usual. Other established amoebicides should therefore be 
given in conjunction. 

Results \vith chloramphenicol, bacitracin, streptomycin and neomycin 
were not so satisfactory. With all antibiotics acute dysenteric cases may 
be converted to symptomless cyst carriers. 

Treatmerit of hepatitis, — During the course of amcebic dysentery, and 
for months afterwards, the liver must receive careful attention. It may 
not be possible to prevent abscess formation ; but if pain suggests, an 
attempt to avert this grave complication may be made by giving repeated 
doses of emetine subcutaneously, saline aperients, rest, low diet, fomenta- 
tions, dry-cupping, and similar measures. Emetine acts much more rapidly 
and snecifically in hepatitis than in amcebic infection of the bowel, and in 
some cases aspiration of the liver (hepatic phlebotomy) has a wonderful 
effect. Usually a total of 6 gr. of emetine suffices to overcome the more 
active symptoms and should be followed up by chloroquine {see p. 531). 

Perforation of amo^c ulcer. — To avoid fatal peritonitis, diagnosis of 
perforation of the large bowel should be made as soon as possible. The 
difficulties have been emphasized by James during the recent war in five 
cases of perforation of the caecum and colon. The time factor is of supreme 
importance. Eaecal fistulae are apt to form. When perforation occurs in 
a fixed portion of the colon it can be closed and covered with omentum. 
The difficulty of making silk sutures hold is emphasized. 

Strictures may sometimes form in chronic cases, almost invariably at a 
level of two inches above the anal canal. Early cases are crescentic in 
outline, later becoming annular or diaphragmatic. 

Amcebic appendicitis and typhlitis. — If operation is undertaken, the 
minimum and most gentle handling of the bowel is necessary. It must 
first be determined whether the condition of the csecum is secondary to 
that of the appendix or vice versa. If the appendix is removed the 
abdomen is closed with a soft corrugated drain which is left in for 72 hours. 

Diet. — A suitable diet in the convalescent treatment of amoebic dysentery 
is important. Alcohol, unless taken in small quantities, certainly pre- 
disposes to relapse. The following diet is advocated for four weeks after 
active treatment : 

Permitted. — Porridge; eggs; filleted or fried fish — Shaddock, plaice, cod, 
sble or whiting ; toast or rusks ; milk puddings — ^rice, sago, semolina, ground 
rice ; spinach or young peas, vegetable marrow, cauliflower ; plain cakes ; 
finiit jellies ; stewed pears or peaches ; baked apples ; bananas, grapes ; tripe, 
brains, sweetbreads ; chicken ; rabbit ; game. 
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the former drug has such effect on these organisms in amoebic abscess or in 
amoebic hepatitis. One great feature of the antibiotic treatment is the 
rapidity with which the lesions heal and the amoebae disappear. With 
aureomycin 1 grm. daily in divided doses, on the tenth day 67 per cent, of 
cases had been cleared of their ulcers and 98 per cent, of their amoebae: 
wdth terramycin in the same doses, 84 per cent, and 94 per cent., respec- 
tively. Procaine penicillin and succinyl sulphathiazole appear to have a 
synergistic effect and were much more successful than in combination with 
other sulphonamides. With all these antibiotics early relapses after 
4-8 weeks are usual. Other estabhshed amoebicides should therefore be 
given in conjunction. 

Results with chloramphenicol, bacitracin, streptomycin and neomycin 
were not so satisfactory. With all antibiotics acute dysenteric cases may 
be converted to symptomless cyst carriers. 

Treatment of hepatitis. — During the course of amoebic dysentery, and 
for months afterwards, the liver must receive careful attention. It may 
not be possible to prevent abscess formation ; but if pain suggests, an 
attempt to avert this grave compKcation may be made by giving repeated 
doses of emetine subcutaneously, saline aperients, rest, low diet, fomenta- 
tions, dry-cupping, and similar measures. Emetine acts much more rapidly 
and snecifically in hepatitis than in amoebic infection of the bowel, and in 
some cases aspiration of the Hver (hepatic phlebotomy) has a wonderful 
effect. Usually a total of 6 gr. of emetine suffices to overcome the more 
active symptoms and should be followed up by chloroquine {see p. 531). 

Perforation of amoebic ulcer. — To avoid fatal peritonitis, diagnosis of 
perforation of the large bowel should be made as soon as possible. The 
difficulties have been emphasized by James during the recent war in five 
cases of perforation of the csBcum and colon. The time factor is of supreme 
importance. Faecal ffstulse are apt to form. When perforation occurs in 
a fixed portion of the colon it can be closed and covered with omentum. 
The difficulty of making silk sutures hold is emphasized. 

Strictures may sometimes form in chronic cases, almost invariably at a 
level of two inches above the anal canal. Early cases are crescentic in 
outline, later becoming annular or diaphragmatic. 

Amoebic appendicitis and typhlitis. — If operation is undertaken, the 
minimum and most gentle handling of the bowel is necessary. It must 
first be determined whether the condition of the csecum is secondary to 
that of the appendix or vice versa. If the appendix is removed the 
abdomen is closed with a soft corrugated drain which is left in for 72 hours. 

Did. — A. suitable diet m the convalescent treatment of amoebic dysentery 
is important. Alcohol, unless taken in small quantities, certainly pre- 
disposes to relapse. The following diet is advocated for four weeks after 
active treatment : 

Permitted. — Porridge; eggs; filleted or fried fish — haddock, plaice, cod, 
sble or whiting ; toast or rusks ; milk puddings — ^rice, sago, semolina, ground 
rice ; spinach or young peas, vegetable marrow, cauliflower ; plain cakes ; 
fruit jellies ; stewed pears or peaches ; baked apples ; bananas, grapes ; tripe, 
brains, sweetbreads ; chicken ; rabbit ; game. 
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Not permitted. — Cheese ; new bread ; potatoes ; fats ; suet puddings ; rich 
cakes with raisins or spices ; pastry ; pickles. 

Meai . — Red meat, i.e., mutton or beef, can be permitted once daily. 

Surgical measures must be reserved for complications of amoebiasis 
such as pericolic abscess. Dunlop (1946) has written a vivid description 
of the appalling severity of amoebic bowel lesions in Japanese prison 
camps. The surgical cases fell into two groups. The acute cases, in 
which the principal difficulty was relief of pain, tenesmus and wasting 
were much benefited by appendicostomy and caecostomy. Chronic cases 
with grossly damaged colons, which had failed to respond to anti-amoebic 
treatment, were subjected to ileostomy and the results were dramatic in 
14 cases. Theron (1947) points out that the mortality rate in operations 
on intestinal amoebiasis is considerable, due to decreased resistance, hypo- 
protinaemia and interference with wound healing. Moreover, as the result 
of operation, acute amoebic dysentery may develop. 

Modern views on treatment.— In the twenty years which have 
elapsed between two great wars during both of which very large numbers 
of men were infected with amoebic dysentery the results of treatment of 
intestinal amoebiasis with a combination of emetine bismuth iodide and 
quinoxyl were considered eminently satisfactory. A proportion of cases 
relapsed within a comparatively short period after E.B.I. therapy, and 
since 1945 unsatisfactory results have been frequent. The amoeba 
{E. histolytica) appear to be often refractory to emetine, although experi- 
mental evidence is inconclusive. It was suggested that, in response to 
repeated courses of emetine injections, the organisms become emetine-fast. 
In consequence, many combinations of treatments have been introduced. 
In 1945 Hargreaves and others suggested that this might be attributed to 
secondary bacterial infection of diffuse and generalized ulceration of the 
bowel in debilitated, emaciated and fever-stricken soldiers. In a small 
propoffion of these patients intensive therapy with, penicillin and sulpha- 
succidine was followed by remarkable recovery, though the amoebic 
infection persisted. This has led to the general adoption of the view that 
treatment with these bactericidal agents is an essential preliminary to 
emetine therapy. There is, however, no certainty that such an invariable 
bacterial infection coexists and it is admitted that there is no proof that 
this much more complicated and prolonged course is more successful 
than the simpler synergistic treatment described above. In emetine- 
resistant cases one of the arsenical drugs, such as Mihbis, is frequently 
successful. 

Prophylaxis of amoebiasis is practically the same as for bacillary 
dysentery, and depends upon efficient sanitation, measures directed 
against the housefly, and avoidance of unboiled water, raw vegetables, or 
other foods which^ may have been contaminated by human fmces. As 
cysts of E. histolytica can only survive in a moist medium, there is a con- 
siderable amo^t of evidence, experimental and epidemiological, that 
amoebic infection is usually waterborne. The problem of dealing with 
human carners^ of £?. histolytica cysts is a constant difficulty. It is not 
likely to arise in countries equipped with a proper system of sanitation. 
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but in no ease ought a cyst-carrier to be employed as cook or mess orderly, 
or handle water supplies. 

Water contaminated by E. histolytica cysts should be treated as follows: 

(1) Heavy dose of aluminium sulphate at the rate of 6~10 gr. per gallon. 

(‘2) Allowed to settle for 1 hour. 

(3) Filtered at a rate not to exceed 6 gallons per sq. foot of filter surface 
per minute. 

(4) Finally chlorinated. 

For small-scale water supplies, the greatest amount of protection is 
provided by filtration through diatomaceous silica after previous sedi- 
mentation. 

Quinoxyl, in pill or tablet form (4 gr.) at night, wherever amoebiasis is 
rife, acts as a prophylactic measure. Diodoquin is also recommended and 
a combination of chloroquine, 250 mgm., and milibis, 75 mgm. (Berberian). 

Complications op Am(bbiasis 

1. HEPATIC ABSCESS (lIVEE ABSCESS ; HEPATIC AMOCBIASIS) 

Geographical distribution, — ^Liver abscess of the type known as 
tropical abscess, for the most part a disease of warm climates, corresponds 
in its distribution with amoebiasis, WMle the entamoeba is the principal 
element in its production, its incidence depends probably on special 
susceptibility of the European to this complication. 

^Etiology. Belation to amcBhic dysentery , — There can be no question 
of the existence of an intimate relationship between amoebic dysentery 
and liver abscess. Many well-authenticated statistics, as well as everyday 
experience, attest this. In 3,680 dysentery autopsies made in various 
tropical countries, and collated by Woodward, 779 (21 per cent.) revealed 
abscesses of the liver. Extensive amoebic ulceration may exist without 
exciting any subjective symptoms (see p. 498). Moreover, many patients 
suffering from liver abscess forget, or fail to mention, a previous dysenteric 
attack, or may mislead the physician by describing such an attack as 
** diarrhoea,” so that the relationship is much more intimate than -even 
statistics indicate. In the great majority of cases dysentery antedates 
the abscess, it may be by as long as twenty years. 

JRace, sex, and climate , — Though common in Europeans in the tropics, 
liver abscess is proportionately rare among natives. Thus, in the native 
army of India the proportion of deaths from liver abscess to the total 
mortality in 1894 was only 0-6 per cent., whereas in the British army it was 
7*4 per cent. Man for man, the relative liability of the European and the 
Indian soldier was as 95*2 to 4*8. This disproportion holds in spite of the 
fact that a larger proportion of the natives are infected with E, histolytica. 

It is well known that European women in the tropics, though nearly 
as subject to dysentery as European men, rarely suffer from liver abscess, 
and children hardly ever. It is most common between the ages of 20 and 
40, though there are records of amoebic abscesses of the liver in Egyptian 
children of three months of age and of others in India of ten. The youngest 
in the Editor’s experience was an English girl of sixteen. 
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Pathology. — It may be inferred from the symptoms that in the early stages 
of suppurative hepatitis there is general congestion and enlargement of the liver ; 
in some instances this condition may be more or less conned to one lobe or even 
part of a lobe. Later, as shown especially by observations on cases that have 
died from the attendant dysentery, one or more greyish, ill-defined, circular 
patches, |--1 in. or thereabouts in diameter, are formed. These grey spots are 
very evident on section. A drop or two of a reddish, gummy pus may be ex- 
pressed from these necrotic patches. Still later, the centres liquefy, and distinct 
but ragged abscess cavities are formed. An abscess thus commenced extends 
partly by breaking down of liver parenchyma ; partly by more massive necrosis of 
portions of its wall ; partly by the formation of additional foci of softening in the 
neighbourhood, and subsequent breaking down of the intervening septa. The 
walls have a ragged and tessellated appearance. As the abscess enlarges, so the 
zone of necrotic tissue becomes narrower. The character of the contained pus 
also changes during the evolution of the abscess; it frequently becomes 
secondarily infected with streptococci and other organisms, when it assumes a 
brownish or greenish colour. 



Fig. 73.--Multiple liver- abscesses from a case of acute amcebic dysentery, showing 
characteristic structure and zone of acute hyperaemia. Quarter nat. size. 


Carrera suggests that the shape and appearance of affected liver areas are o} 
vascular origin, resembling infarcts. Wherever amoebse are detected in one of the 
larger branches of the portal vein there are small collections of fibrin filaments and 
leucocytes in the vicinity. Probably amoebae form the nucleus round which 
thrombi develop. 

Number, size, and situation of abscesses . — Liver abscess may be single or 
multiple. If multiple, there may be two, three, or many. When single, the 
abscess sometimes attains a great size. Frequently it is as large as a coco-nut, 
or even larger ; the entire liver even, with the exception of a narrow zone of 
hepatic tissue, having been converted into a huge abscess sac. When multiple, 
the individual abscesses are generally smaller, ranging from the size of a filbert 
to that of an orange (Fig. 73). 

As might be expected ffom considerations of the relative size of the parts, 
single abscess is much more common in the right than in the left smaller lobe. 
The upper part of the right lobe might be termed the seat of election. 
Oompensatory hypertrophy of the left lobe is commonly produced if there is 
great destruction of the right. 

Adhesions ^ surrounding organs are frequently, though not invariably, 
fonned as the abscess approaches the surface of the liver. In this way the 
danger of intraperitoneal extravasation is usually averted. 
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Intestinal ulceration usually co-exists ; it may be very extensive, or confined 
to a few small punched-out ulcers, generally in the neighbourhood of the caecum. 
Or, again, there may be no visible lesions of the mucous surface. 

Pulmonary inflamTnation and abscess f om escape of liver pus into the lungs 
are sometimes discovered post mortem^ Generally the pulmonary abscess com- 
municates with the mother abscess in the hver by a small opening in the dia- 
phragm, the pleural sac being shut off by adhesions. (Plate XVI.) 

Liver pus , — The naked-eye appearance of liver pus is peculiar, almost 
characteristic. When newly evacuated, it is usually chocolate-coloured, streaked, 
or mixed, with larger or smaller clots or streaks of blood, and here and there 
with streaks of clear mucoid yellowish material. It is so viscid that it will 
hardly soak into the dressings, lies on the surface of the gauze like treacle on 
bread, spreading out between the skin and the dressing, and finding its way past 
the edge of the latter rather than penetrating it. A?^en quite fresh, here and 



Fig. 74. — ^Structure of miliary amoebic hepatic abscess con- 
taining E, histolytica. {Photomicrograph Dr. G. J. Hackett.) 

there, little islands of what may be described as laudable pus may be made out in 
the brown mass. Sometimes it contains considerable pieces of necrotic tissue. 
Occasionally, also, from admixture of bile, the abscess contents are green-tinged ; 
they are rarely offensive, unless the abscess lies near the colon. Under the 
microscope many blood-corpuscles are seen, besides much broken-down liver 
tissue, large granular pigmented spherical cells, lecithin plaques, leucocytes, 
debris, oil globules, hsematoidin, occasionally cholesterin, Charcot-Leyden crystals 
and sometimes entamoebse. Cysts of E. histolytica are never found. 

Entamoehce and other organisms . — ^In Egypt, India, and elsewhere entamoebae 
may be detected in half the cases. Usually they cannot be found in fresh liver 
pus, either aspirated or escaping during operation, but they appear, often in great 
profusion, four or five days later in discharges from the d^inage-tube. They 
may occur in strings of eight to ten. Unless the patient is treated with emetine, 
the amcBbae may persist in the discharge until the abscess has healed. The 
Editor has succeeded in growing them on Urbohlav’s selective medium when they 
were not apparent in the pus. The longer the abscess has persisted the larger 
its size, and the more difficult it is to find amoebae (Fig. 75). The pus is baeterio- 
logically sterile, but occasionally may become secondarily infected by Ba<A. coZi, 
haemolytic staphylococci, streptococci and SaVmmMa erderitidis, in which case the 
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entaTncet)® in the liver pus are destroyed. There is some evidence that in the 
majority the secondary bacterial infection is derived from the bowel, more rarely 

from the lungs. ^ j n • 

Encystment. — In rare instances liver abscess pus, instead of being chocolate- 
coloured and viscid, is yellow and creamy, particularly when the abscess becomes 
encysted. The walls are thick, smooth and fibrous. In the course of time the 
contents become cheesy, and ultimately cretified until the cyst shrivels up and 
contracts [see Plate XV). Calcified abscesses are occasionally found by radio- 
graphy, and do not give rise to S 3 nnptoms. They have to be differentiated from 
calcified hydatid cysts and sometimes also from calcified suprarenals. 



Fig, 75.— Microscopical section of liver abscess, showing Emiamo^ha histolytica 
at margin oi abscess cavity surrounded by necrotic liver cells. 

Bilaterality of the liver. — Until recently it was considered that no differ- 
ences existed between the right and left branches of the portal vein, the hepatic 
artery and the hepatic ducts, although the right lobe of the liver is treble the size 
of the left. Canthe in 1884 first noted hypertrophy of the left lobe of the liver 
consequent upon total destruction of the right. On this account, and also on 
account of the embryological development, it was suggested that the generally 
accepted anatomical division of the liver was incorrect and that it should he 
divided, not by the antero-posterior fissure, but by a line drawn from before back- 
wards through the fundus of the gall-bladder to the spot where the anterior vena 


Radiograph of dome of diaphragm in liver abscess. 

(Dr. Carmichael Lm) 

LIVER ABSCESS 


Plate XIV 
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cava grooves the back of the liver ; this is the mid-line of the liver. This view is 
borne out by pathological studies and the results of injection of the portal and 
hepatic veins and hepatic artery (Mclndoe and Counseller). Gopher and Dick 
(1928) demonstrated that the distribution of the portal streams in the Hver of 
the dog can be determined by injections of trypan blue, and that there are at 
least three distinct and separate currents (streamline phenomena) in the portal 
vein. Hypertrophy of the left hepatic lobe ensues upon partial or complete 
destruction of the right, a feature of considerable importance in diagnosis. 

The genesis of liver abscess. — Amcebic abscess of the liver appears 
to be the result of portal emboHsm from amoebic ulcers in the bowel. 
According to Rogers, this focus is usually in the right sector of the 
abdomen, either in the caecum or ascending colon ; this fact, therefore, 
accounts for the common situation of such an abscess in the right hepatic 
lobe. Direct infection of the anterior surface of the liver may possibly 
take place from an amoebic ulcer in the hepatic flexure, via the peritoneum, 
but there is no evidence to show that this constitutes the usual method. 



In amcebic hepatitis, which is probably the precursor of amoebic abscess, 
there appears to be a massive amoebic portal infection. Probably the 
great majority of the organisms are destroyed by resulting tissue-reaction ; 
survivors multiply and cause necrosis of the surrounding liver cells and 
thus constitute the starting point of a liver abscess. Cytolysis is brought 
about by the rapidly multiplying amcebse ; but ultimately the amoebae 
themselves are destroyed by the products of their own activity. Sterile 
amoebic abscesses at this stage are particularly liable to secondary infection 
with pyogenic and other organisms. As originally pointed out by Council- 
man and Lafleur, the primary lesion is central necrosis of the liver lobule, 
a prelude to subsequent abscess formation. 

Symptoms. — There is great variety in the symptoms of liver abscess. 
As a general rule, the patient is one who has long resided in the tropics 
and who at some time or other has suffered from subacute attacks 
of dysentery. At first he becomes conscious of a sense of weight and 
fullness in the right hypochondrium, and later suffers from sharp stabbing 
pains over the hepatic area, accentuated by coughing. 
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Slwidder pain . — In a considerable proportion of cases a sensation of 
uneasiness or rheumatic pain around the right shoulder-joint is com- 
plained of, especially at night. Usually this is referred to the acromial 
region (appropriately termed, “ the liver wing ”). It is due to reflex 
irritation of the phrenic nerve, transmitted through the fourth cervical 
root from which the supra-acromial and supra-clavicular cutaneous 
nerves originate in the cervical plexus, and is comparable to that of 
diaphragmatic pleurisy or gall-bladder disease. In left-lobe abscess pain is 
generally referred to the left shoulder-joint. 

Gemral features . — Soon the patient becomes feverish, particularly to- 
wards evening, and may experience a few short rigors. He begins to lose 
flesh, and his complexion assumes a yellow, muddy tinge. A quotidian 
fever now becomes a regular feature, every evening reaching 102° F. (rarely 



Hectic fever mth tendency to tertian periodicity. Dotted line s= pulse-rate. 

higher), and sinking to below normal in the morning (Charts 23, 24). The 
pyrexial bouts are accompanied by profuse sweats, necessitating fre- 
quent changmg of clothing during the night. The patient is emaciated, 
his tongue furred, the extremities cold and clammy; breathing is 
shallow and mainly thoracic. Sometimes swelling in the epigastrium 
may be observed over the site of the abscess. Discomfort or deep- 
seated pam may be produced by palpation and deep percussion over 
the nght hypoehondrmm. The lower border of the liver is usually 
enlarged below ^e costal margin ; sometimes, but less frequently, it extends 
upwards an mch above the normal, while posteriorly the dullness can be 
detected from the angle of the scapula to the costal margin. It may be 
further observed that the upper line of dullness is arched, and is altered by 
changes m position, when the patient Hes on his left side or when he stands 
up. Deep mspiration may ^ve rise to acute pain, and sometimes one or 
two tender pomts may be discovered in the lower intercostal spaces. The 
spleen is not enlarged. On auscultation, pleuritic rubs may be detected 










Radiograph of liver absce^ branch 

base of right lung, whence IS b^ evaOT ^ ^ 

of the right bronchm. A-co^ction of pus in P ^ 

B-valve-shaped opening { 

F fRoiiocraM by Dr. M. Berry.) 
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at the base of the right lung, or signs of compression, such as inspiratory 
crepitations, decreased breath-sounds, or diminution of vocal fremitus 
may be noted at the base of the right lung (Fig. 76). Pain is usually 
relieved by lying on the affected side (Pig. 77). 

In abscess of the left lobe a tumour of variable outline, sometimes 
resembling in shape and position an enlarged spleen, may be felt in the 
epi- or hypogastrium. Usually there is some compression involvement 
of the base of the left lung, but it must be remembered that such a tumour 
may arise from compensatory hypertrophy of the left lobe. 

As the case progresses, so the patient becomes more emaciated ; hectic 
fevers with drenching nocturnal sweats continue ; liver dullness and 
pain increase ; or general enlargement may subside, and percussion 
reveal a local bulging in an upward 
or downward dnection. H the 
abscess which has now formed is 
not relieved, the patient may die 
worn out after months of illness ; 
or the abscess, having attained 
great dimensions, may burst into 
the right lung or pleura, or even 
elsewhere, and be discharged with 
either recovery, or death from con- 
tinued hectic fever and exhaustion, 
or from some intercurrent compli- 
cation. (Plate XVI.) 

The blood shows a well-marked 
leucocytosis of 15,000-35,000, 
though in some rare cases there 
may be no appreciable rise. The 
mean average of the differential 
count in the Editor’s series of 
cases is 70*8 per cent, polymor- 
phonuclears ; 22*2 per cent, lym- 
phocytes ; 6 per cent, large 

mononuclears ; and 1 per cent, 
eosinophils^. With liver abscess of 
long standing there is usually 
severe secondary anaemia, and occasionally the blood changes may 
assume features of the pernicious type. 

In two cases of hepatic abscess recorded by the Editor the serum agglutinated 
Sal. enteritidis in high titre, with co-agglutination of Sal. typhi, and the former 
organism was isolated from the abscess pus as w’ell as from the faeces. 

Great variety in the urgency of symptoms : — ^Although the foregoing 
is a fairly common history in liver abscess, there are many instances 
in which the initial symptoms are much more urgent and the disease 
progresses much more rapidly. In other instances subjective symptoms 
are almost entirely absent, or so subdued that the true nature of the 
case may be entirely misapprehended until the abscess bursts through 

^ Occasionally an eodnopMUa has been recorded in association with Utet abscess. 



Fig. 76.— Clinical picture of liver abscess, 
showing enlargement of liver and 
bulging of chest wall. 
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single cardinal sign which may not be absent in hepatic abscess ; thus, large 
collections of pus have been noted unaccompanied by fever. Marked 
rigors are rare but, w'hen present, indicate threatened rupture through 
the diaphragm or into some viscus. Sweating accompanying the pyrexia 
usually takes place about the head and neck. Enlarged cervical and 
axillary glands on the affected side may sometimes be noted, while 
rheumatic-like pains in, or swellings around joints, and clubbing of fingers 
have been described. Pain of some description is rarely absent. Usually, 
a sense of fullness and w^eight in the region of the liver, or referred 
to the infrascapular region, is complained of ; stabbing and stitch-like 
pains may be increased by pressure, and especially by deep inspiration 
or coughing. Localized painful areas usually occur below the costal 
margin, and indicate that the abscess is pointing in that direction. Pain 
on swallowing, when the bolus traverses the lower end of the oesophagus, 
has been recorded. Pain on firm pressure with the finger-tips in an 
intercostal space, and over a limited area, is a common and valuable 
localizing sign. Shoulder pain, in about one-sLvth of the cases, may be 
tbe only symptom and may be noted before the advent of fever. 

Attention may also be drawn to the respiratory symptoms ; a painful 
cough, possibly due to reflex irritation of the diaphragm, may be prominent, 
while the respiration may be rapid and shallow. The patient usually 
lies on his back, inclining slightly to the affected side ; if the abscess is 
on the right, lying on the left side becomes distressing owing to adhesions, 
or possibly to pressure on the heart. 

The tongue is generally furred, the digestion disturbed ; flatulence 
and diarrhoea are frequent. There may, hut infrequently, be concurrent 
amoebic dysentery with blood and mucus in the stools. 

The heart may be displaced laterally or upwards by pressure of a large 
abscess. Tachycardia and cardiac irregularities may result from toxic 
absorption or from pressure. 

Rigidity of the upper part of the right rectus muscle may he noted 
if the abscess is situated in the vicinity of the gall-bladder. Percussion, 
besides eliciting tenderness and causing pain, may convey to the examiner 
a sensation of hallottement as of percussing a thick-w'alled elastic bag 
filled with air. The right upper superficial reflex may be dimini shed or 
absent. 

Swellings in the epi- or hypogastrium closely simulate intra-ahdominal 
tumours, and in apyrexial cases of hepatic abscess their nature may not 
be suspected until they have been aspirated. There may be varicosity 
of the epigastric veins. Local cedevia over one or more intercostal spaces 
is sometimes apparent ; local bulging usually indicates the site at which 
the abscess is pointing (Fig. 77). 

Friction rubs, pleuritic or peritoneal, may sometimes be found ; while 
pneumonic signs at the base of the right lung indicate contiguity of the 
abscess to the diaphragm. (Edema of the feet occurs in advanced cases. 

The urine may contain albumin as the result of chrome pus-absorption. 
When considerable destruction of hepatic substance has taken place, the 
amount of urea is diminis hed and that of ammonia increased. 

Jaundice is not by any means common ; when deep it may he caused 
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by pressure of an abscess of the caudate lobe on the common bile duct. 
Toxic jaundice is sometimes met in secondarily infected abscesses, or may 
be due to coexisting infective hepatitis. Quite commonly, however, there 
is a subicteric tint with slight yellow tingeing of the conjunctivse. 

The abscess may rupture into any contiguous organ, thereby producing 
spontaneous cure ; generally it ruptures into the lung or pleura. 'When 
into the lung, the abscess contents may be suddenly coughed up in mouth- 
fuls of frothy pus and blood; but usually this process is much more 
gradual and a few drachms are coughed up at a time, but in favourable 
cases the amount of expectoration gradually diminishes. Amoebic abscess 
of the lung — resulting from trans-diaphragmatic rupture — is apt to be 
mistaken for pulmonary tuberculosis. Amoebae are only exceptionally 
found in the expectorated pus, but usually striated muscular fibres from 
the diaphragm may be recognized. 

Expectorated liver-pus is usually characteristic, being chocolate-brown 
and particularly viscid. 

Arrest of the discharge may not necessarily indicate recovery though 
cessation of the cough may be followed by rise of temperature and re- 
appearance of night-sweats. Alternate emptying and refilling of the 
abscess cavity may recur many times before final recovery. In some 
cases expectoration never ceases, and is accompanied by other signs of 
pulmonary absorption, such as respiratory distress and clubbed fingers: 
Sudden rupture is often accompanied by the passage of melsenic stools. 

Rupture into the pleura may lead to pleural effusions, which may 
simulate empyema. Aspiration of these cases may yield clear yellow 
and highly albuminous pleuritic fluid. Pneumothorax may sometimes 
ensue. 

Hepatic abscess may rupture into the stomach, causing vomiting of 
pus ; into the bowel, causing diarrhcea and discharge of pus in the fasces ; 
or, with fatal results, into the pericardium or peritoneum. Pericarditis, 
from close contact with intrahepatic suppuration, has also been recorded. 
A child of twenty months was seen in New Zealand in 1950 with amcebic 
pericarditis. The classical signs and symptoms were present and in the 
pericardial sac pus containing actively motile E. histolytica was aspirated. 
The liver did not appear to be involved. The infection had been con- 
tracted from the father who had suffered from amoebic dysentery. A 
somewhat similar case has been recorded by Hartz (1950) from the sudden 
perforation of a left hepatic abscess into the pericardial cavity. The 
changes in the electrocardiogram were characteristic of pericarditis (a 
review of the hterature on this rare complication is given by Carter and 
Korones, 1950). 

Rupture into the gall-bladder, bile-ducts, hepatic veins, portal veins, 
inferior vena cava and pelvis of the right kidney have also been reported. 

Finally, spontaneous rupture may take place through the abdominal 
wall, and the abscess, by tracking along the round ligament, may empty 
itself. The surrounding skin may thus become infected with amoebae. 

From a study of 50 cases of amoebic abscess under the Editor’s care 
it has been possible to set out the following table : — 
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History of previous dysentery 
Entamoeba histolytica or cysts in faeces 
Shoulder pain, right . 

„ „ left 

Pyrexia, intermittent 

„ remittent typhoid-like 
„ sudden onset, with rigors 
Pyrexia absent 
Night-sweats 

Dysenteric infiltration of bowel — 
Sigmoid flexure . 

Caecum and sigmoid 
Enlargement of liver, upwards 

,, „ downwards 

Pain and tenderness in liver. 
Displacement of heart 
Associated signs at base of right lung 
Pleuritic rub 

Rupture of abscess into lung 


No. of patients. 
. 30 
. 23 
. 22 

. 3 

. 39 
. 4 

2 

. 7 

. 40 

. 12 
. 4 

. 12 
. 38 
. 24 

4 

. 38 
. 6 
. 6 


Mortality.— Formerly the case-mortality was high, 60-80 per cent., 
but at the present day, chloroquine and emetine, recognition of the in- 
timate connection of liver abscess with amoebic dysentery, and improved 
methods for the evacuation of pus, have brought the mortality-rate to 
practically nothing. Death may be due to pressure on the abscess, to 
rupture and gangrene of the abscess-wall, to pneumothorax, to pneumonia, 
to associated dysentery, or to other intercurrent disease. Recovery may 
follow encystment or, possibly, absorption of the abscess. 

Diagnosis. — Of all the grave tropical diseases, none is so frequently 
overlooked as abscess of the liver. Acute sthenic cases are readily enough 
recognized ; not so insidious asthenic cases. 

The most common mistakes in diagnosis are : (1) Failure to recognize 
the presence of disease of any description, even when an enormous abscess 
occupies the liver. (2) Misinterpretation of the significance and nature 
of a basal pneumonia* — a condition often accompanying suppurative 
hepatitis. (3) Attributing the fever symptomatic of liver abscess to 
malaria. (4) Mistaking other diseases for abscess of the liver, and vice 
versa — for example, non-suppurative hepatitis, such as that attending 
subtertian malaria ; suppurative hepatitis before the formation of abscess ; 
syphilitic disease of the liver — softening gummata which are often attended 
with hectic fever ; bronchogenic carcinoma ; bronchiectasis ; atypical 
pneumonia ; tuberculosis ; pylephlebitis ; suppurating hydatid ; suppur- 
ating actinomycosis ; gall-stone and inflammation of the gall-bladder ; 
subphrenic abscess due to ruptured gastric or duodenal ulcer, or appendix 
abscess ; abscess of the abdominal or thoracic wall ; pleurisy ; encysted 
empyema ; pyelitis of the right kidney ; schistosomiasis ; scurvy and 
flimilflr blood-^seases associated with hepatic enlargement; ulcerative endo- 
carditis; kala-azar; undulant fever; trypanosomiasis, tuberculosis, 
and malignant disease. Any of these may be attended with fever of a hectic 
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type, increased area of hepatic percussion dullness, and pain in or about 
the liver. 

Differential diagnosis from suppurative cholecystitis without the aid 
of a ** shadowed ” examination may be particularly difiScult. 

Cantlie originally classified pus in the neighbourhood of the liver into 

(1) Suprahepatic abscess ; 

(2) Intrahepatic abscess ; 

(3) Infrahepatic or subhepatic abscess. 

Suprahepatic abscess is not synonymous with " subdiaphragmatie 
abscess ; ” it means the formation of pus between the layers of the broad 
ligament of the liver. 

Frequently, a correct diagnosis can be reached only by repeated and 
careful study of the case in all its aspects. Golden rules in tropical practice 
are to think of hepatic abscess in all cases of progressive deterioration of 
health ; and to suspect it in all obscure abdominal cases associated with 
evening rise of temperature, particularly if there be an upward enlarge- 
ment of or pain in the hver, leucocytosis, and a history of dysentery — 
not necessarily recent. 

Low-grade pneumonia of the right base in a tropical patient should 
always be regarded with suspicion, for it may indicate abscess of the 
subjacent liver. 

Perhaps the most common error is to regard the hectic fever of hver 
abscess as attributable to malaria. The regularity with which the daily 
fevers recur, the daily chilliness, or even rigor, coming on about the same 
hour, the profuse sweating, and other circumstances so compatible with 
a diagnosis of malaria, all contribute to this mistake. So common is the 
enror that Osier declared he hardly ever met a case of liver abscess which 
had not been drenched with quinine. The periodicity of fever, and a 
polymorphonuclear leucocytosis should obviate so serious an error. 

To mistake other forms of suppuration for liver abscess is not so serious, 
because in many suppurative diseases the treatment is the same as for 
liver abscess, and no bad resnlt need follow if diagnosis is not quite accurate. 

Intrahepatic suppuration may supervene in ascaris infestation, in melioi- 
dosis (p. 289), in ascending pylepMehitis secondary to appendix abscess, 
in diverticuhtis and, rarely, in infections with haemolytic Staphylococcus 
aureus, or very exceptionally with bacillary dysentery, Suppurating 
abscesses have been reported secondary to duodenal ulceration and enteric 
infections. Carcinomatosis of the liver, unaccompanied by jaundice, 
may simulate amoebic abscess, A right perinephritic abscess may have 
to be considered. In subdiaphragmatie abscess caused by -perforation 
of a gastric or duodenal ulcer, an abdominal swelling can usually be 
recognized occupying a triangular area on the affected side. Gas is 
usually present and can be recognized by a resonance in the upper part 
which serves to distinguish it from Hver abscess. 

Pancreatic cyst elevating the left (less often the right) lobe of the liver 
may imitate an abscess, but it is not necessarily accompanied by fever. 
As a rule, it forma a deMte tumour of considerable size in the left hypo- 
ckm^rium. Solitary non-parasitic cysts' of the Hver or polycystic disease 
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may also have to be considered. Phantom tumour may give rise to 
difficulty, but this gradually disappears under a general ansesthetic. 

A serious error is to overlook the presence of leukaemia, kala-azar, 
pernicious anaemia or scurvy, and to proceed to aspirate an enlarged 
liver on the supposition that the symptoms arise from abscess. 

Amoebic abscess of the liver which has ruptured through the diaphragm 
may have to he differentiated from many other pulmonary conditions, 
such as broncho-pneumonia, tuberculosis, actinomycosis, and malignant 
disease of the lung. 

The presence of Entamoeha histolytica cysts in the faeces is suggestive 
but by no means conclusive, of amoebic abscess. They are usually found 



Fig. 78 .— Visualization of amoebic Uver abscess by puncture and injection 
of Upiodol in erect position, [After Snapper, “ Chinese Lessons to 
Western Medicine.”) 


in about 45 per cent, of all cases. Occasionally the amoebae may be cul- 
tured from the faeces in cases in which they are not detectable by the 

microscope. ^ ^ r 

X-ray examination may confirm the upward enlargement of the liver, 
and bulging, “ tenting ” or blurring of the outline of the right dome of 
the diaphragm and shadowing of the right costophrenic angle indicating 
effusion. Screening usuaEy shows that it does not move on respiration 
(Plate XIV) . Paradoxical movement (rising with inspiration) is sometimes 
seen. Should, however, the abscess be situated in the centre of the 
Ever, even if of considerable size, no defimte information is usually obtain- 
able by radiography exeept when the abscess has become partially encysted 
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In cases ’with cardiac or pulmonary embarrassment, aspiration can 
be efficiently carried out under local infiltration of skin and muscles 
with 2 per cent, novocain, to which is added 1 in 1000 adrenalin in the pro- 
portion of 10 drops to the ounce. The passage of the needle through the 
liver substance is painless. Should, however, the abscess point into the 
abdominal cavity, a general anaesthetic is advisable, for an open operation 
may become necessary. Occasionally the pus proves to be so thick that 
complete evacuation takes an hour or more ; in these circumstances eusol 
in saline (half-strength) should be injected into the abscess cavity to 
dilute the pus. 

An after course of combined emetine-bismuth-iodide and quinoxyl 
should be given to eradicate the amoebic infection from the bowel. 

O^en o'perations . — The indications for open operation are : — 

(1) VTien after repeated aspiration no pus is obtained, but indica- 
tions of its presence are too strong to be ignored. 

(2) When an abscess points in the epigastrium, is situated 
in the left lobe of the liver. 

(3) W' hen there is a large amount of pus which has been secondarily 
infected by bacteria and has not yielded to treatment by 
aspiration. 

The route for opening the thoracic or abdominal wall varies according 
to circumstances as follows : — 

Tramjperiioneal route . — When pus is struck below the costal margin, the 
aspirator needle is left in situ and the abdomen is incised for a length of 3 in. 
(Kocher’s incision), the intestines being guarded with packing. If adhesions are 
present, a sinus forceps is directed along the needle and pushed through into the 
abscess, and the blades are opened after withdrawal of the needle. The finger 
should be inserted into the abscess cavity. When the first gush of pus ceases, 
the exit is lightly plugged with gau7.e, the margins of the liver wound are carefully 
sutured to those of the parietal peritoneum, and the remainder of the wound 
closed. The gauze plug is now removed, and a wide drainage-tube, provided with 
a flange and lateral openings, is introduced to the bottom of the abscess cavity. 
Some surgeons use a wide-bore drainage tube, such as Tudor-Edwards empyema 
tube drain, pushed right to the bottom of the cavity to prevent extravasation. 

Transpleural route . — Should the abscess be struck through an intercostal space, 
a couple of inches of (the 8th and 9th) ribs had better be resected. The dia- 
phragm should then be stitched to the thoracic wall, or better, to the skin as 
weU, when the abscess may be opened with a forceps. An attempt should be 
made to stitch the capsule of the liver to the diaphragm. Should the pleura 
be opened, pneumothorax will result, but this is not necessarily serious. On no 
account should pus be permitted to enter the pleural cavity. 

Sometimes it is simpler to expose the ribs and denude them of tissues. An 
iodine gauze pack should be inserted underneath the ribs and left for 3 to 4 days. 
Artificial adhesions are formed in the costophrenic sinus by a process of aseptic 
inflammation. Shears are then used to resect the ribs. Post-operative drainage 
is ensured by sinus forceps and a wide-bore tube. Dakin’s solution may be us^ 
to irrigate as it exerts a solvent action on the liver abscess wall. The moderii 
treatment of introducing penicillin solution into the abscess cavity through a 
ureteric catheter kept in situ has simplified the treatment of secondarily infected 
abscesses. The initial dose is 25,000 units to 61,000 units in the second week 
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at five -hourly intervals for 15 days (North and Hirschfield). Hurst recommended 
the instillation of 50,000 units every 48 hours vith remarkable results. 

Treatment after operation. — For the first two days after a liver abscess has been 
opened the discharge is considerable, and the dressing may have to be changed 
frequently. Very soon, however, should the case do well, the discharge rapidly 
diminishes, and the dressing requires renewal only every other day, or every 
three or four days. During the first week the drainage-tube, provided it be 
acting efficiently, should not be disturbed, more particularly as it may be difficult 
to replace. Later, it may be removed and cleaned, and, when discharge has 
practically ceased, cautiously shortened. It is a great mistake to begin shortening 
the tube before it is being pushed out, or so long as there is any appreciable discharge. 
If there is the slightest indication, such as rise of temperature, that pus is being 
retained, the drainage must be rectified and the sinus, if necessary, ilated with 
forceps and finger, and a full-sized drainage-tube introduced as far as it will go. 
If this does not suffice, a counter-opening may have to be made. Delay in 
rerriedying imperfect drainage is a serious — it may he fatal — error. 

Should an abscess be found septic, or should it become so, it must be flushed 
out daily, or twice a day, with a weak non-mercurial antiseptic, and a counter- 
opening made if necessaiy. Continuous drainage by the Carrel-Dakin tube 
method and daily eusol irrigation are often very successful. Where there is a 
thick necrotic zone delimiting the abscess, this continuous irrigation is highly 
necessary, and in order to dissolve the thick pus the injection of a ferment— 
enzymol (Fairchild) in the strength of 1 drachm to the ounce of water — ^is 
useful. 

After a liver abscess has been opened and is draining well, temperature rapidly 
falls, and in a few days, or almost at once, becomes normal. Should fever 
persist, it is to be inferred either that the drainage is inefficient, or that there are 
more abscesses in the liver, or that there is some complication. If another 
abscess is suspected, it should be sought with the aspirator and, if found, 
drained. 

It is advisable to give emetine in 1 gr. doses hypodermically, together with 
chloroquine, both before and after operation, and continue them for a fortnight, 
whichever operation is employed. 

Treatment of abscess discharging through the lung.j—Ji an abscess ^ is 
discharging through the lung and, although emetine and chloroquine 
have been freely administered, is not progressing favourably, the 
question of more efficient drainage by surgical means must be con- 
sidered. There are two possibilities winch render interference desirable: 
{a) Continued discharge of pus and blood, with or without attendant 
hectic fever — a condition which, if it persist, will, in all probability, 
in the end, kill the patient, (b) Not infrequently, prolonged discharge 
through the lung may induce fibrotie changes, pneumonia, or abscess 
with all its attendant dangers, such as thrombosis or abscess of the 
brain. (Plate XVI.) In all cases of abscess discharging through the 
lung a careful register should be kept of three things — ^body-temperature, 
daily amount and character of expectoration, and, once a week, 
the weight. If temperature keeps up, if the amount of pus continues 
the same or increases, or if the patient continues to lose weight, an attempt 
should be made at all risks to reach and drain the abscess from the outside. 
If temperature remains normal, if pus gradually or intermittently decreases, 
and if the body-weight is maintained or increases, operation is unnecessary 
or at all events, should be deferred. 
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Modem medical treatment with full doses of emetine or chloroquine, 
maintained over a long period, generally exerts an almost miraculous 
effect and renders operative interference unnecessary. 

In exploring the liver in such cases, it must be borne in mind that most 
likely the abscess cavity is collapsed, and that the sides of the abscess 
may be in contact. Such an abscess is not hkely to be discovered unless 
the needle be thrust in to its full extent and, whilst a good vacuum is being 
maintained in the aspirator, slowly withdrawn. If by good fortune the 
abscess has been traversed, then, when the end of the needle is crossing 
the cavity, a small amount of pus will be seen to flow. 

Treatment of abscess rupturing into a serous camiy . — When there is 
evidence that an abscess of the liver has ruptured into the peritoneum, 
into the pleura, or into the pericardium, the particular serous cavity 
involved must be opened and at once treated on general surgical principles ; 
otherwise the patient will almost surely die. In the circumstances the 
surgeon will be justified in assuming great risks. 

2. AMCEBIO ABSCESS OF THE BBAIN, SPLEEN, AND PEBIOABDIXJM 

According to Armitage, 48 cases of amoebic abscess of the brain have 
been recorded, for the most part from Egypt. Like hepatic abscess, it is 



Fig. 79. Amcebic granuloma and ulceration of abdominal parietes surrounding 

colostomy. 


more co^on m men than in women. It is generally solitary, and may 
be regarded as a metastasis of hepatic abscess, though one unassociated 
wa any other except an mtestmal lesion has been described by Halpert and 
Asbley (1946). The mechanism by which amosba reach the brain is by 
tto means clew. The pressure symptoms resemble those of a cerebral 
-ninour, and the abscess is invariably fatal. Amcebic abscess of the spleen 



AMCEBIASIS OF SKIN 


535 


has been recorded by Maxwell, Eogers, Cbatterji, and by the Editor. 
Authentic cases are extremely rare and not necessarily associated with 
liver abscess. In the case reported by the Editor there was considerable 
splenomegaly and amoebic cysts were absent from the faeces. On the other 
hand spontaneous splenic abscesses due to infarction or to thrombosis of 
the splenic artery are, according to Gelfand, quite common in African 
negroes. Amoebic pericarditis, usually secondary to liver abscess, has 
been recorded. 

3. AMCBBIC INFECTION OP THE SKIN, BONE AND SUBCUTANEOUS TISSUES 

Since 1892, it has been known that the skin may be subject to amoebic 
invasion in the vicinity of a discharging liver-abscess sinus. Amoebae 
have been demonstrated in sections of the skin, and they are susceptible 
to emetine. Gangrenous lesions of the abdominal wall and perineum 
have been described from time to time, especially by Engman and Meleney 
(1931), while Hu, in China, described a series of fourteen cases and showed 
that the condition is by no means rare. The Editor treated one such 



Fig. 80.-— Amoebic ulceration of skin. Ulceration of sacrum, coccyx 
and perineum. (W. B. Odbriel.) 
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case, in which the parietes in the vicinity of a colostomy and the abdominal 
wali’were involved (Fig. 79), with discharge of foetid anchovy sauce pus. 
The patient was proved to have active aincebic dysentery. Extensive 
gangrenous destruction of the buttocks and skin of the back was seen in 
St. Mark’s Hospital, London, in an ex-soldier who had served in India 
fifteen years previously; though he had never suffered from clinical 
dysentery, E. histolytica cysts were present in the faeces. The lower 
part of the rectum, the pelvic floor and the perineal tissues had been 
destroyed. Response to emetine therapy was quite remarkable. (Fig. 80.) 
This condition was first described by Maxwell as fistulous disease of the 
buttocks in South China. McConaghey (1945) has published a similar 
case in a woman with a pararectal abscess spreading to the vagina and 
perineum. 

Am<]shiasis Gutis is a secondary infection of papillomata around the 
anus. The lesions have a punched-out appearance, and resemble in 
this respect intestinal amoebic lesions (Hu). 

Morton and Soutar (1947) have found active E. histolytica in an abscess 
of the buttock secondarily infected with staphylococci in a carrier of 
E. histolytica cysts. There were two ragged cavities communicating with 
one another. The amoebae were found lying subcutaneously and there 
was no connection with the rectum, Norwich and Muskatt (1946) treated 
an amoebic ulcer of the buttock connected with a pararectal^ abscess in a 
negro with amoebic dysentery. Rose (1952) found an abscess in the middle 
third of the femur extending down to the bone. E. histolytica were 
found in the pus and the lesion was cured by emetine. 

4. GENITO-XJBINARY AJVICBBIASIS 

A number of uncritical papers have appeared describing as amcebse large 
prostatic or other inflammatory cells which may be present in subacute cystitis 
or prostatitis, but occasionally vegetative forms of E. histolytica are found in the 
urinary sediment, sometimes derived from a fistulous track between the ulcerated 
rectum and the bladder (Craig). Amoebic ulceration of the urethra in the male, 
as well as of the cervix uteri in the female, have been reported by Hu in China, 
and amoebae have been demonstrated in the tissues in microscopic sections ; 
E. histolytica in the urine may be derived from this source, but an amoebic abscess 
of the epididymis has been reported from China by Warthin. Murgatroyd has 
treated one extraordinary case where amoebae were present in ah specimens of 
urine passed, although no lesions of the bladder could be visualized by cystoscopy. 
The organisms were apparently derived from the vesiculse seminales. This is 
all the more exceptional as Watson and others have shown that E. histolytica 
cannot survive in urine. Rose (1946) has described amoebic vaginitis in China. 
There were inflammatory oedema of the vaginal wall with ragged ulcers. 

5, PULMONARY AMCEBIASIS 

This type of case is distinct from pulmonary abscess secondary to 
that of the liver where infection of the lung tissue results from direct 
extension of the hepatic abscess, or by rupture, into the bronchus. 

In primary pulmonary amoebiasis the amoebae reach the lung by 
direct embolism from the bowel. Having gamed the pulmonary cir- 
culation, they form firm nodules, which later break down into small 
abscesses. The symptoms produced closely resemble those of a fugitive 
broncho-pneumonia, or some form of tuberculous infiltration. 
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These patients, ^\-ho have been at some time the subjects of amc3ebic 
infection, suffer from pulmonary 
symptoms, with profuse purulent 
expectoration, sometimes tinged with 
blood, and respiratory distress with 
intermittent pyrexia. They are apt, 
however, to have rigors, which may 
serve to differentiate the condition 
from other respiratory diseases. The 
physical signs vary, but are usually 
those of broncho-pneumonic consolida- 
tion, detectable at the border of the 
scapula, especially on the right side. 

Skiagraphy may be of little avail iii 
diagnosis. Amoebae have not been 
recorded in the sputum. There is, as a 
rule, a distinct leucocytosis. The 
response to emetine treatment is rapid 
and almost diagnostic (Chart 25). A 
full course of injections should be given. 

BALAOTIDIAL DYSEISTTERY 

The occasional occurrence of Balantid^ 
ium coU in the faeces, particularly in 
association with dysenteric diarrhoea, has 
been recognized for the last fifty years. 

It is only since Strong and Musgrave 
called attention to this subject that 
Balantidium coli has come to be regarded 
as the germ cause of a particular type 
of colitis resembling in many respects 
amoebic dysentery. The parasite has been 
studied firom the zoological standpoint, 
more especially in temperate climates, 
but it seems probable that extended ob- 
servations will show that it is, equally if 
not more prevalent, in warm climates. It 
is a common parasite of the pig, and 
produces a fatal form of dysentery in 
monkeys in captivity, especially chim- 
panzees. Human cases have been re- 
ported all over the world, but especially 
from Germany and France, in those who 
tend domestic pigs. It is thought that 
cysts are transferred from the hands to 
the mouth during the handling of the 
intestines of infected animals. Mackenzie 
and Bean (1938) recorded the first case 
in England in a mental patient, and a 
second has been described. 

How it attains the human intestine is 
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not known, but as it is a common parasite of the pig, these animals should be re- 
garded as the usual source of infection. Balantidium may live for a consider- 
able time in water or faeces (one hour to three days). In liquid stools it 
exhibits great activity, indulging in locomotive as well as in rotatory 
movements. Recently it has been cultivated on artificial media. For further 
description, sn p. 934. 

Geographical distribution. — Balantidiasis in man has been recorded from 
Russia, Scandinavia, Finland, Germany, France, Austria, Holland, Italy, Spain, 
Siberia, China (Tsingtau), Georgia, the Philippines, Cochin China, Andaman 
Islands, Hawaii, Mauritius and Rodriguez, Egypt, and the Sudan. Cases have 
also been reported from North America, North and South Carolina. McCarey 
(1952) reported a series of 87 cases from Abadan, S. Persia. There was no 
connection with pigs. 

Pathology. — There is little or nothing to distinguish the gross as weU as the 
microscopic pathology from that of amoebic ulceration. The organisms have 
been found by Strong, Martini and Walker in the mesenteric glands. In thirty 
autopsies a variety of dysenteric lesions, from catarrhal congestion and diph- 
theritic patches to extensive ulceration, have been described. On section. Strong 
demonstrated the balantidium, not only in exudates on the surface of the bowel, 
but congregated in large numbers in the follicles, or embedded in the tissues 
forming the base of the ulcerations, including the submucosa, muscular coats, 
and even in the lumen of blood-vessels and lymphatics. The early lesions are 
minute hsemorrhages ; later, ulceration and abscesses appear. Bowman stated 
that the colon throughout its whole extent may be a mass of ulcers from which 
hang shreds of necrotic tissue — ^lesions resembling those of amoebic dysentery. 

Symptoms. — ^These are, in the present state of knowledge, indistinguishable 
from those of amoebic dysentery. The disease is chronic, its special nature 
being discoverable only on microscopic examination of the stools. Generally, 
only one or two balantidia are found, but as many as twenty may be seen in 
every field of the naicroscope. The blood usually show^s no change : there is no 
leucocytosis and the polymorphonuclears represent 70 per cent. The ulcerations 
in the bowel, revealed by sigmoidoscopy, resemble those of intestinal amoebiasis as 
described by Mazza, Alvarado and Schiirmann (1932). The mortality in 111 
cases collected by Strong was 29 per cent. 

Treatment. — ^Young and Burrow (1943) claimed to have cured seven cases 
with carbarsone, 0-25 grm. twice daily for 10 days. This should be repeated if 
there is relapse. Methylene blue enemata, 2 pints of a 1 per cent, solution, are 
claimed to give good results, Westphal praises Acranil — hydrochlorate of 
acridine. Shun-Shin (1947) claimed cures from intramuscular injections of J gr. 
of biniodide of mercury and this has been confirmed by Pramanik. In vitro a 
1 : 100,000 solution killed the balantidia instantaneously and retention enemata 
in this strength were well tolerated. For children the dose by intramuscular 
route is gr -xV lor the adult J gr. McCarey recommends acetarsol, 

4 gr. three times daily for 5 days, and Brummer tablets of 2-phthalylsulphanil- 
aminothiazole ; Weinstein and others give terramycin in divided doses over 10 
days. The total is 17 grm. 

in. HELMINTHIC DYSENTERIES 
Schistosomal dysentery, — Adeno-papillomata or ulcerations of the 
large intestine evoked by passage of eggs through the intestinal wall, are 
found in Schistosoma mansoni, S- japonicum, and exceptionally in S. 

infestations. The dysentery thus produced is met in those 
countries in which the parasites occur. 
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The stools contain yellow or bile-stained mucus with clots or streaks 
of blood, in w’hich the schistosome eggs can be found under a low power of 
the microscope. Eosinophilia associated with symptoms of dysentery 
is highly suggestive, and diagnosis should, if possible, be confirmed by 
the discovery of the characteristic eggs in the faeces. Sigmoidoscopio 
examination should help in doubtful cases. Pathologists should bear in 
mind that eggs are more easily found in the outer zone of solid faeces than 
in more central portions. Usually, pus cells in the faeces show a high 
proportion of eosinophils. 

Infection with CEsophagostomum apiostomum and O. stephan- 
ostomum (pp. 975, 977). — These are rare intestinal parasites of man in 
Brazil, Northern Nigeria, Central Africa and Indonesia. When numerous 
they may give rise to dysenteric symptoms. The adult worms encyst 
under the submucosa, and may, together with their eggs, be recognized in 
the dysenteric discharges. Nodules in the caecum and ascending colon 
have been described by Lie Kian Joe. 

Infection with other helminthic parasites. — Chronic diarrhoea and 
possibly dysenteric attacks have occasionally been noted in intestinal 
infections with Fasdolopsis hiidd (p. 937), Paragoninuis ringeri (p. 942), 
Heterophyes lieterophyes (p. 940), and Stmigyloides stercoralis (p. 979). 

DIFFERENTIAL DIAGNOSIS OF THE DYSENTERIES 

Mixed infections of different forms of dysentery may, of course, occur 
in those countries in which these diseases are endemic. 

Combined infections of amoebic and bacillary dysentery are the most 
frequent. Such cases do not usually occur in temperate countries, but 
during the course of severe epidemics of bacillary dysentery, when bacillary 
infection may be grafted upon some long-standing amoebic ulceration of 
the bowel. On the other hand, this dysentery may be followed by amoebic 
invasion of the bowel, which renders diagnosis still more dif&cult. 

Bacillary dysentery occurs quite commonly as a terminal event in 
intestinal schistosomiasis, and amoebic ulcers may sometimes be associated 
with the same condition. 

Giardiasis.^ — Ofthemtestinal flagellates which appear in the faeces, perhaps 
Giardia (Larnblia) intestinalis has the best claim to be regarded as pathogenic. 
The usual habitat of the parasite is in the upper part of the small intestine, but 
it may ako heavily infest the duodenum. When newly passed in the faeces it is 
very active, presenting a characteristic appearance. During the passive stages 
cysts appear in the faeces in enormous numbers, and may be found associated with 
those of E, histolytica. Giardia cysts are generally found in 4-16 per cent, of 
normal natives of the tropics. Other species are found in mammals and in 
reptiles, and one in the mouse, Giardia muris, is closely allied to the human 
parasite. In children in Northern countries giardia infection is three times 
common as in adults. (In America 48 T per cent, of industrial school children.) 
For a description of Q. intestirialis, see p. 932. 

^ Giardiasis or lambliasis is mentioned in this section for the sake of completeness, although 
the dianhoea associated with the parasite cannot strictly be classified as a dysentery. 
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In England and in Canada the parasite has been found in the intestine of quite a 
large number of normal children, while Boyd, Silverman, and others have shown 
that it can oecasionall}^ be demonstrated in the duodenal juice, bile, and gastric 
contents. 

Some regard this parasite as pathogenic on the grounds that it is found in 
large numbers when the stools are liquid, and that quantities of mucus are passed 
containing active parasites. 

Giardia infection is associated at times with a type of recurring diarrhoea 
accompanied by abdominal discomfort. The stools may be of a peculiar clay 
colour and pxdtaceous consistence, and may resemble those of tropical sprue, or in 
Plngligh children, those of coeliac disease (R. Miller, 1926). Fat absorption has 
been found defective and excretion of bile below normal ; both are attributed to 
mechanical effects of these parasites on the intestine. After these attacks, the 
encysted forms of G. intestinalis are present in large numbers in the faeces. 
Relapses tend to occur periodically, but eventually tolerance is acquired. Flatu- 
lence is almost invariable. In the acute stage the abdomen is tender and there is 
general discomfort. Veghelyi, who made observations on children in Budapest, 
described anorexia, headaches, dizziness, abdominal pains, and anaemia. The 
attack is not accompanied by emaciation, and symptoms probably originate from 
mechanical irritation, not from destruction of the mucosa, though m mice, in 
which similar parasites cause diarrhoea, they may penetrate the submucosa. 
Giardia infections are intractable and may persist for years. Hegner thought 
that the number of these parasites is dependent upon the diet as they tend to 
disappear from the faeces when the patient is fed on a protein dietary. 

Treatment. — It is difficult to be certain of complete extirpation of 
these protozoa, for giardia frequently reappear in numbers in tbe faeces 
after an absence of several months. Apparently the parasite itself is 
subject to periods of great activity followed by periods of quiescence. 

Atehrin {mepacrine, quinamne) is specific, both for the active phases of 
the parasite and for the cysts. This claim, originally put forward by 
L. Bnimpt, has been abundantly confirmed from many sources. The 
parasites disappear from the fa?ces after a course of OT grm. three times 
daily for 5-7 days, in adults ; though in children two tablets daily suffice. 
Sometimes it may prove necessary to repeat the course. Probably 
giardia is mildly pathogenic, because associated symptoms also disappear 
after treatment. German and Scandinavian authorities prefer Acranil, 
the hydrochlorate of an acridine compound, in doses var 3 ring from 0- 25 grm. 
daily for children under two, to 1-6 grm. daily for 5 days in those over 
ten. This drug is said to be more easily tolerated than atebrin. 

Nivaguine 0-3 grm. daily is recommended by Carri and Shisani (1950). 

OTHER FORMS OF DIARRHOEA AND DYSENTERY i\SSOCIATED WITH 
INTESTINAL PARASITES 

The common intestinal flagellates. Trichomonas intestinalis and Chihnmtix 
TMsnili (see pp. 931, 930), though occurring commonly in diarrhoeio and dysenteric 
stools, have little claim to pathogenicity. They are frequently present in large 
numbers in the fluid fseces of patients convalescing from bacillary or amoebic 
dysenteries. Probably the presence of large numbers of these flagellates in the 
bowel contents is due, to a great extent, to the fluid medium in which they 
flourish ; but when a case of chronic diarrhoea is encountered and no other obvious 
s^ns can be found, and where large numbers of' active flagellates are lasb'ng 
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about in liquid fseces, it becomes difficult not to assign some pathogenic properties 
to these apparent agents of disease. Hence the term Flagellate Dysentery 
has arisen — a term which probably indicates that the host has been exposed to 
abnormal intestinal infection. These organisms usually disappear after vigorous 
lavage of the bowel by irrigations of 2 per cent, sodium bicarbonate combined 
with stovarsol (gr. 4), or spirocid, in similar dose — two tablets daily for eight to 
ten days. 

Spirochsetal dysentery is attributed to the presence of numbers of apirochsetes 
in the intestinal canal. These organisms, composed of three or more simple 
spirals, are known as Spirochoeta eurygyrata, but they are not usually regarded as 
pathogenic. 

Intestinal coccidiosis has to be considered, especially Isospora hominis 
(step, 933), which causes diarrhoea, with mucus and Charcot-Leyden crystals in 
the fseces. Cases of this infection have been reported from aU over the world, 
especially from the Near East and Indonesia. 

Malarial dysentery. — blood-stained discharge or, more frequently, 
haemorrhage, may occur in the abdominal forms of subtertian malaria. The 
blood passed is very dark, due to petechial haemorrhages from the intestinal 
mucosa. These are, as a rule, very serious cases. Instances were recorded by 
the Editor, in which malaria was first suspected from discovery of the subtertian 
parasite within the red blood-corpuscles present in the fseces. Besides the 
haemorrhagic faeces, malaria should be suggested by the clinical aspect of the 
patient, sweating, icteric tint of sclerotics and skin and enlarged spleen. Violent 
diarrhoea may at times be the one outstanding clinical sign of an intensive 
sub tertian infection. 

Kala-azar dysentery. — Blood and mucus may be passed in the faeces in 
advanced cases of this disease, which may be due to an ulceration of the bowel 
by Leishman-Donovan bodies. The parasites are present in large numbers in 
the VLUi of the small intestine, and may form polypoid masses in the mucous 
membrane of the large intestine, whence they escape into the faeces. 

Other conditions which may resemble dysentery,— There are other 
perhaps more familiar conditions, not necessarily of tropical origin, in which 
dysenteric symptoms may occur 

Of all common diseases with which mild dysentery may be confused, the first 
place must be given to interrval hosmorrhoids, A correct diagnosis is readily 
made. Again, profuse offensive diarrhceic motions with blood and mucus may be 
passed in tuberculous ulceration of the large bowel, which may be comparatively 
common in the tropics. Colitis, ulcerative, membranous, or Tioemorrhagic, 
resembles bacillary and amoebic dysenteries in clinical features and in the 
character of the stools, but can be differentiated by microscopic examination of 
the faeces, as well as by sigmoidoscopy. Idiopathic ulcerative colitis (colitis 
gravis) is becoming increasingly common and has to be differentiated from the 
bacillary dysenteries. It is undoubtedly a disease sui generis and is distinguished 
pyrexia, toxaemia, intense anaemia, a tendency to spontaneous cure, and 
great liability to relapse. A very acute form sometimes follows cystoscopy, 
or instrumental investigation of the genito -urinary tract, and has been shown 
to be due to mercury poisoning from instruments sterilized with mercuric cyanide. 
Mucous colitis, or the syndrome which is commonly known by that name, is a 
frequent sequel of both bacillary and amoebic dysentery and is frequently con- 
fused with both. Stercoral ulceration, produced by chronic constipation asso- 
ciated with myxoedema, may give rise to a blood and mucous discharge. Certain 
surgical conditions — simple polypus, malignant disease, intussusception, even 
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syphilitic disease of the rectum, or rectal stricture in lymphogranuloma inguinale 
(p 649)— the diagnosis of which should be determined by digital examination- 
must be kept in mind. Polyposis is a very distressing condition which usually 
undergoes malignant degeneration. Foreign body in the rectum is another 

possible diagnosis. .... i., . 

Blood and mucus are often passed in diverhcuUhs, which is quite common 
in tropical practice. In paratyphoid B. infections ulceration of the large intestine 
may give rise to blood and mucus in the stools. Food poisoning due to organisms 
of the Salmonella group may sometimes cause confusion by producing somewhat 
similar symptoms. 



CHAPTEE XXXIII 

TROPICAL SPRUE AND HILL DIARRHOEA 

Synonyms. — Tropical Diarrhoea ; Aphthae Tropicae ; Psilosis ; Ceylon 
Sore Mouth. 

Definition. — A peculiar and dangerous form of chronic disturbance 
of function of the whole or part of the mucous membrane of the alimentary 
canal. Although essentially a disease of warm climates, tropical sprue 
may develop for the first time in temperate countries in individuals who 
have pre\dously resided in the tropics or subtropics. 

Geographical Distribution. — (Map VI) — South China, PhiKppines, 
Cochin China, J apan, Java, the Straits Settlements, Ceylon, India, Mauritius, 
a few cases from Fiji, more frequently in the West Indies, the Southern 
United States, Porto Rico, Central America, the Guianas, and Queensland. 
Isolated cases have been recorded from Iraq, Egypt, Palestine, North 
Africa and Russian Turkestan. In Central, West and East Africa it is 
problematical whether tropical sprue does occur, though Luckoff (194S) 
described it in natives of the Orange Free State, and Gelfand claims to 
have seen a sprue-like disease in Europeans in Rhodesia. During the 
1939-1945 war cases in British soldiers have been seen from the Mediter- 
ranean — Malta, Southern Italy and Gibraltar. 

Epidemiology and endemlology— Information so far on this subject 
suggests that sprue is a regional, as opposed to a climatic, disease and it 
pre-eminently affects Europeans. There was formerly doubt of its existence 
in native races. Highly pigmented races, usually the indigenous in- 
habitants of the endemic country, are less liable than immigrants, though 
sprue was prevalent in Indian troops in Burma in 1944-45. 

The disease is apt to occur in one or more members of the same family. 
Many instances of sprue in husband and wife have been recorded, probably 
from exposure to the same influences. During the Burma campaign, 
1948-45, sprue occurred in epidemic form in British troops {see below). 
Atmospheric temperature per se has no influence, for sprue originates at 
high altitudes in Ceylon and in the Himalayas, where the climate approxi- 
mates to that of Europe. 

There are residences in Bombay and bungalows in Ceylon which are notorious 
for the incidence of sprue in successive tenants ; these have been known as 
‘‘ sprue houses and have given rise to a popular theory that the disease is con- 
nected in some way with “ dry-rot ” in wooden beams. 

As a rule, sprue attacks those of middle age or over. Children are 
rarely affected, though there is one authentic record in an English boy 
fiom Ceylon of eleven years of age (Miller). Amongst Europeans both 
sexes appear equally liable. 

^Etiology. — A nutritional deficiency, as originally postulated by 
McCarrison, Elders and NichoUs, at one time appeared to be the most 
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likely factor. Discoveries on the aetiology of pellagra and the fact that in 
fully developed tropical sprue there are signs and symptoms which may be 
ascribed to \dtamin deficiency, mainly of the vitamin Eg complex, have 
tended to fortify this theory. But tropical sprue is undoubtedly a disease 
sui generis with clinical characteristics so typical as to admit no other 
assumption (see below). How*ever, Ayrey fl94Sj, as the result of extensive 
experiences in the jungles of Burma in troops existing on K rations, has 
revived the theory of malnutrition due to deficiency of vitamins of the 
B 2 complex. 

Biochemical studies, by Fairley and others, suggested that the phenomena 
of tropical sprue can best be explained in terms of a metabolic breakdown of 
the gastro-intestinal tract, characterized by defective absorption in the 
small intestine, primarily connected with defective secretion of Castle’s 
intrinsic factor by the pyloric or Brunner’s glands. The well accepted fact 
that the anaemia of sprue resembles that of pernicious anaemia, and responds 
in like manner to the extrinsic factor (in liver extracts], was regarded as 
suggestive. Then the glossitis appears to bear the same significance as in 
pellagra, pernicious anaemia and idiopathic steatorrhoea, in all of which it 
apparently represents the outward expression of Bg avitaminosis. 

Furthermore, as in pellagra, there is a pre-sprue, or larval condition, of 
which glossitis is the outstanding sign,w'hich may be indistinguishable from 
a similar stage in larval pellagra. A connecting link between sprue and 
pellagra is also suggested by the fact that pellagrous symptoms may 
sometimes be engrafted on sprue as a secondary phenomenon. 

It was suggested by Bennett, with cogent arguments, that the sprue syndrome 
may be regarded as the expression of “ chronic jejuno-ileal insufficmicy ” of which 
the outstanding signs are steatorrhoea, emaciation, meteorism, glossitis and 
megalocytic anaemia ; and that these phenomena may be evoked by a number 
of conditions. The main argument for this view lies in the results of gastro- 
jejuno-colic fistula, which reproduce the main signs and symptoms of sprue, 
whilst these sprue-like signs and symptoms disappear when the defect is remedied 
by operation. Sprue symptoms may also supervene on resection of four feet, 
or more, of the lower ileum (Markoff), or may be produced by interference with 
chyle absorption in lymphadenomatous infiltration of the mesenteric glands, or 
by gross ulceration of the ileum. 

Other diseases closely simulate tropical sprue, such as cceliac disease in children 
and idiopathic steatorrhoea in adults. These are probably the outcome of other 
forms of malabsorption from the small intestine, whilst the latter has been 
shown by Frazer to be caused in some manner by the gluten of wheat. 
In idiopathic steatorrhoea the syndrome possibly represents an exaggerated 
phase of tropical sprue with implication of factors other than the vitamins of 
the B 2 complex. It is conceivable that the full syndrome is produced, not so 
much by the absence of essential vitamins from the dietary, as by failure to 
absorb them, or by lack of biosynthesis in the bowel owdng to abnormal bacterial 
flora. This suggestion has received support from a paper by A. C. Frazer (1949). 
The selective nature of the vitamin-B deficiencies — ^nicotinic acid, riboflavin, 
pyridoxin and folic acid — ^is striking. All these are essential growth factors 
for bacteria, especially those known to be present in the upper part of the small 
intestine in sprue. These bacteria absorb the available vitamins causing 
deprivation of these factors in the host. 
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Obscure as the true setiology of tropical sprue appeared to be before 1939 it 
must be confessed that the outcome of the most diverse and detailed investiga- 
tions which have been carried out by special teams of observers from 1942-45 
in India and Burma have rendered the problem still more difficult of clarification. 
There, as is abundantly clear from the writings of Leishman, Keele and Bound, 
Black and Fourman and many others, tropical sprue in British troops behaved 
as an epidemic disease with an incubation period and a seasonal incidence. 
There were many opportunities for observation because sprue appeared on an 
unprecedented scale in many wddely separated areas, quite unconnected with 
dietetic or climatic factors. It had a distinct regional distribution. F or instance, 
though so prevalent in India and Burma, it was practically absent from the far 
greater numbers of combatants, American, British and Australian in the Pacific 
combat zones. These cogent facts appear to offer no other argument than that 
in its initial stages tropical sprue may behave as an infectious disease due to some 
undiscovered virus and that only in its later stages do the signs and symptoms of 
an avitaminosis become apparent. Leishman relates that in 1944 some 675 
British troops had to be invalided to England on account of severe sprue. Whilst 
amongst Indian troops a similar malady appeared on a big scale and was termed 
(quite unnecessarily) “ para-sprue ” (Napier, Chaudhuri, Ayrey). Contrary to 
previous experience the length of stay in the tropics proved scarcely a factor. 
Three-quarters of the cases had less than two years’ service. Some developed 
sprue within two weeks of arrival and one was taken off a transport on arrival in 
India with the ftdly developed sprue syndrome. 

In East India the sprue season lasted from March to September with a peak 
incidence in June, but in areas of lesser incidence the season was less restricted. 
These months corresponded to the fly season and coincided with an outbreak of 
bacillaiy dysentery, but it was not a sequel to this disease. For instance, a 
previous dysenteric infection was obtained only in 9 per cent. In 1943 in 
Chittagong 50 per cent, of one unit developed the disease within three weeks of 
arrival. As regards the geographical distribution 65 per cent, of cases originated 
in Bengal, A^sam and Burma ; 15 per cent, came from West India ; 13 per cent, 
from South India and Ceylon, and 5 per cent, from North India. At least one- 
third were in soldiers living imder good conditions on full rations and often in an 
innocuous climate. In more than half the cases the full sprue syndrome was 
established within two months of onset of diarrhoea. 

For the better appreciation of this very difficult subject it must be stated that 
authorities are by no means clear regarding the separation of “ tropical sprue ” 
from the allied syndrome — ^known, perhaps fallaciously, as “ non- tropical sprue,” 
a term introduced by Thaysen in 1932. Most of these severe and incurable 
cases are undoubtedly examples of what is known in England as idiopathic 
steatorrhoea, which in the opinion of the best-informed is quite a distinct and 
separable disease, though in some of its minor manifestations it must be con- 
fessed that differentiation becomes extremely difficult. Sprue-like symptoms 
occur in numerous other diseases and may make an evanescent appearance in the 
convalescent stages of bacillary dysentery, in mesenteric tuberculosis, gastro- 
colic fistula and diseases of the mesenteric glands. 

Up to 1939 it was thought that vitamins of the B 2 complex were necessary 
for the absorption of fat by the villi of the small intestine. Stannus sought to 
explain the process as follows : — 

The absorption of neutral fat in tropical sprue is normal, but that of fatty acid, 
glycerol, cholesterin and glucose defective, due to failure of phosphorylation. 
C^lmum is deficient because it forms insoluble soaps with free fatty acids, and 
sunilarly there is deficiency of phosphorus. Other clinical phenomena were to 
be explained on similar biochemical grounds. The physiological lesion in sprue 
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was held to be failure of phosphorylation due to the defects of the enzyme system, 
the coenzymes of which are members of the vitamin Bg complex. 

These conceptions have been refuted by the important work on fat absorption 
by Frazer. Fat is mainly ingested as triglyceride in emulsion in particles less 
than 0*5 cm. in the lumen of the small intestine. The emulsifying system is 
dependent on a triple combination — fatty acid-bile salt-monoglvceride. 

The intestinal contents of all varieties of fat-absorption have shown normal 
dispersion of fat and normal enzyme activity, but in a small number of cases of 
tropical sprue a pecuhar flocculation of the intestinal contents has been observed, 

IntracdluUiT phasB of fat absorption. — Fatty acids pass into the intestinal 
cells mainly in the form of soaps. Long-chain triglycerides are finely divided 
into particles as already described. The outer membrane of the intestinal cell 
has been shown to consist of fine canals and this fact supports the conception 
that particles do pass through the outer membrane in this particulate 
form, and it appears probable that the postabsorptive lipsemia is normally 
dependent on this process. By correlating chylomicrographs^ of serial blood-fat 
estimations it is possible to determine whether this absorption is normal. In 
the absence of lymphatic obstruction 60-70 per cent, of ingested fat without 
subsequent hpsemia suggests interference with fat absorption and is observed in 
tropical sprue, idiopathic steatorrhoea and gastro-coHc fistula. Adrenalectomy 
does not affect absorption of fatty acids or tributyrin, but causes partial inter- 
ference vdth absorption of long chain tryglyeerides, but this returns to normal 
with adequate salt therapy. l5ius the action of the adrenal cortex on fat absorp- 
tion is. mainly due to its effect on water and electrolyte metabolism and this has 
been shown to take place in severe cases of tropical sprue with dehydration 
(Black, 1946). It was originally suggested by Verz^r and McDougall (1936) that 
adrenal deficiency constituted an setiological factor in the sprue syndrome, but 
the results of eortene therapy do not support this hypothesis. 

Alteration in composition and distribution of fatty material within the intestinal 
cell. — Resynthesis of triglyceride can be demonstrated in vivo, but it can be 
shown that phospholipid is formed within the cell during fat absorption so that 
it is probable that one important fonction of phosphorylation is to provide 
phospholipid for the change in interfacial film structure which occurs if the 
particles are to remain in a dispersed state in the protein environment of the 
blood stream. 

The passage of fatty material through the finer membrane of the ceM. — ^As the 
dosage of fat is increased it accumulates within the cells and it would seem that 
the addition of choline to the fat facilitates its passage through the inner mem- 
brane of the cell. Probably the phospholipid formed within the intestinal cell 
during fat absorption is lecithin, but probably other phosphatides may be involved. 
It may be concluded that vitamin deficiencies, possibly excluding choline, are 
probably not concerned with the aetiology of the fat absorption defect in the 
sprue syndrome. 

Distributive phase of fat absorption. — ^Fatty acids mainly pass up the portal 
vein to the liver, while triglycerides take the lymphatic route and pass by the 
thoracic duct into the systemic circulation. The proportion of fatty material 
which passes by these two alternative routes might be varied without any great 
change in the quantity of fat absorbed. In the majority of cases of defective 
fat absorption there is no evidence of obstruction in the lymphatic pathway and 
alteration in the distribution of fatty material must be dependent upon changes 
in the lumen or cells of the intestine, 

^ k. chyloniicr<^raph consistB of counting the fat particles in the bloodstream after fat absorption 
under the dark-ground iUumination. 
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It is known that changes in the intestinal environment occur in a number of 
cases of defect! re fat absorption, but whether primary or secondary, or whether 
significant or not, has not been established, but as fat can be absorbed by two 
distinct mechanisms, each of which uses a different pathway, the proportion of 
fat w'hich is absorbed in particulate form may be reduced with a corresponding 
increase in fatty acid absorption. The main factors concerned in changes in the 
distributive phase, apart from obstruction to the lymphatic pathway, are the 
pH in the intestinal lumen and the composition of the dietary triglyceride. 

Frazer and his colleagues have shown that, though malabsorption of fat is the 
most conspicuous feature in tropical sprue, yet other elements of the diet are 
equally implicated. Recent published work by Frazer and his co-workers 
appears to have important bearings upon the aetiology of steatorrhoea. The 
gastro-intestinal functions were investigated in children with coeliac disease 
(1952). 

Removal of wheat flour from the diet resulted in rapid improvement, both 
clinically and biochemically. Deterioration followed reintroduction into the 
diet of wheat flour or wheat gluten, but wheat starch had no harmful effect. The 
precise maimer in which the gluten fraction disturbs gastro-intestinal function is 
being investigated. The agenization of wheat flour plays no part. When 
gluten is excluded, even in the early stages of treatment, there appears to be no 
need of restricting carbohydrates or even fat. 

Pathology.— The heart has usually undergone “brown atrophy.” The 
liver is atrophied, sometimes with fatty changes, and aU the muscles and viscera 
are ansemic and wasted. With these exceptions and certain changes in the 
alimentary tract, so far as is known, there are no special lesions invariably 
associated with this disease. Occasionally, the pancreas shows fatty or granular 
degeneration of the cells, with softening of isolated acini and slight inflammatory 
infiltration of the connective tissue. These, however, are not more constant 
than are changes occasionally found in the liver and kidneys. Sections 

of the tongue show desquamation of the epithelium, especially from the surface 
of the fun^orm papillae. 

Lesions of the alimentary tract— In longstanding cases there is usually atrophy 
of the small bowel so as to render it almost diaphanous. Ulceration and erosion 
of the ileum leading to perforation and peritonitis have been described by the 
Editor, but these, as w^ell as the destruction of the intestinal villi, are now thought 
by some to be secondary changes (Mackie and Fairley, and, more recently, 
Thaysen). The chief lesions are thinning and atrophy of the mucous membrane 
of the absorptive and secretory epithelium with some shrinkage of the villi. The 
changes are essentially those of degeneration and aplasia, but there are evidences 
of blood destruction in the mucosa, suggesting absorption of some hsemolytic 
substance in the intestines and destruction of blood in situ. In autopsies, 
where death has been sudden, it is surprising indeed what few naked-eye changes 
can be seen. Pathological changes are seen in the red marrow of the femur and 
the tibia. This is usually reduced in quantity, though there may be hyperplasia, 
as in pernicious ansemia. It is suggested that in sprue there is a toxin which 
primarily stimulates, but eventually exhausts the hsemopoietic system. Ulcera- 
tion of the ileum, leading to perforation and general peritonitis, may be the cause 
of death. 

The mesenteric glands may be enlarged, pigmented and fibrotic. The in- 
flammatory changes in the mucosa and the invasion by round and plasma cells, 
formerly considered characteristic, are now held to be inconstant in appearance 
and extent, and possibly to be caused by the irritability brought about by acid 
fseces. As originally shown by the Editor in Ceylon secondary infection of the 
intestinal tract with the thrush fungus, Candida albicans, is not an infrequent 
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terminal event. There is an over secretion of mucus throughout the intestinal 
tract, more especially in the small intestine where this fungus grows. 

Clinical pathology. — The stools of sprue are characterized by their 
light colour and excessive size ; they may he five or six times the normal 
amount. Analysis reveals the ordinary elements of bile, notwithstanding 
the lack of colour. The excess of fat in the stools and low fat content of the 
blood (412*8 mgm. per cent.) indicate that a proportion is due to actual 
excretion of fat through the intestinal mucosa. (The normal is 600 mgm. 
per cent.). Normally, neutral fats in the faeces are to fatty acids in the 
proportion of 1 to 2 ; in pancreatic disease this ratio is reversed, and 
may be as high as 15 to 1 ; while in sprue stools more splitting of fats 
takes place, the proportion of neutral fats to fatty acids being as 1 to 3 
or even 1 to 5. It is estimated that not uncommonly 50 grm. of fat is 
excreted in a single stool when the patient is existing on a mixed dietary. 
The average results of fat analysis of faeces is as follows : — 

Total fat 60 per cent. 

Combined fatty acids 14 „ „ 

Free fatty acids ... 37 „ „ 

Unsoaped fat ... 45 „ „ 

Neutral fat 7 „ „ 

High faecal fat above 50 per cent, does not denote clinical severity 
(Keele and Bound). Many observers have insisted that in early cases 
there is no actual steatorrhoea. Samples of stools taken at different 
intervals vary very much in their fat content. It is necessary to collect 
all the specimens passed in twenty-four hours. Others insist that an 
average analysis should be made from stools collected over a period of 
five days. The fat intake for a period of at least three days should be 
known. Pallor of faeces may be due to alteration of the colour of the bile 
pigment (leucourobilin) and not necessarily due to fat. 

Howell (1947) finds that in early cases, whilst the total faecal fat is often 
within normal limits there is a significant rise in the split : unsplit fat ratio. 

Black and colleagues (1947) found that no sprue patient has a fat 
absorption rate higher than 85 per cent, which is well below the normal 
value of 90 per cent., in spite of this there is considerable overlap in blood- 
fat curves in sprue and normals, so that in early sprue the chylomicron 
count is normal. In the most severe cases just over half ingested fat is 
absorbed and a fat absorption of 60 per cent, implies four times the normal 
amount of fat in the fseces. In untreated sprue fat absorption ranges from 
51 to 85 per cent., but a rapid improvement in absorption follows liver 
injections. 

The trypsin and other enzyme actmties in the stools are normal. These 
figures indicate that in sprue pancreatic digestion proceeds quite normally, 
but that the products of digestion are not absorbed, probably because 
the contents are hurried through the small intestine. Malabsorption of 
fats may possibly be due to the same cause. 

The blood picture of the fully-developed tropical sprue case is a megalo- 
cytic anaemia, the size of the cells varying from 7*8-8 jlc. The very variable 
degrees of anaemia coincide with the megaloblastic arrest in the bone 
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marro\7, as seen by sternal puncture, but this is definitely less than that 
found in pernicious anaemia. In severe cases the marrow picture may be 
definitely hypoplastic. As a general rule, this grave anaemia occurs in 
patients over fifty years of age. In no instance, in the cases investigated 
has the colom* index been less than 0-7, but in the majority it is above 
that figure. In uncomphcated sprue the leucocyte counts are either 
normal, or there is a leucopenia associated with a relative lymphocytosis 
Blood crises commonly occur and are characterized by a rapid and critical 
fall in the haemoglobin and red blood-corpuscles. Usually associated 
with severe diarrhoea, it progresses to a fatal issue, without remissions 
and without those evidences of blood regeneration which are so typical 
of similar crises in pernicious anaemia. Hyperbilirubinaemia is found 
more frequently in malaria and in pernicious anaemia than in tropical snrue 
(Van den Bergh test). 

The Price- Jones curve resembles that of pernicious anaemia, beincr 
characterized by marked asymmetry, broadening of the base, displacement 
to the right, and a definite increase of the diameter of the corpuscles to 
8*07 ft. It therefore seems that deficient blood-production rather than 
excessive blood-loss constitutes the basis of sprue anmmia. 

Serum-calcium and phosphorus content. — ^Fairley, Mackie and others have 
confirmed Scott’s observations that the ionic calcium is lowered in sprue, 7-4-9 
mgm. per 100 m 1. of serum being constantly registered. 

Blood -There is a definite hypocholesteroleemia, and Fairley has 

shovm that the serum cholesterol averages 72*8 mgm. per 100 ml., the lowest 
reading being about 40 mgm. The cholesterol content rises rapidly with liver- 
extract therapy and high-protein dietary. 

Bh^-sugar regulation.— Thei.yaen originally pointed out that in sprue, as well 
as in idiopathic steatorrhoea and coeliac disease, there is an abnormally low blood- 
sugar curve, which is not due to impairment of glucose absorption, or to its 
destruction in the intestines. On the other hand Maegraith and colleagues (1946) 
have shown that the fructose curve under similar conditions is normal. Fjuctose 
is absorbed by simple diffusion. 

The urine is highly coloured, especially in cases with pronounced ansemia. 
This IS due to the appearance of urobilinogen and urobilin in pathological amounts 
derived from the products of blood destruction, as it is estimated that in sprue 
anaemia the blood-cel^ are being destroyed nearly five times more rapidly than 
nomal. The diastatic reaction has been investigated and has been found to be 
weU witl^ the normal Hmits. This method affords a means by which sprue 
may be differentiated from chronic pancreatitis. In acute sprue there is porphv- 
nnuria, ais in pellagra. r xr j 

Gastric secretion.— In most cases there is a relative hypochlorhydria or a 
normal acid curve, but occasionally hyperchlorhydria may be present. In cases 
with severe anaemia there is usuaUy achylia gastrica, but the gastric elements 
d^er from those of pernicious anaemia in that acidity in sprue returns to normal 
after adequate treatment with liver extract and restoration to health. 

SaM d^iency occurs in patients with low blood pressure, asthenia* and signs 
cir^atory failure. These have low serum sodium and serum 
onionde levels. The plasma volume is low in relation to body weight. There 
Man abnormal loss of sodium, and to a less extent of chloride when the patient 
IS put on a high mtake of salt. Sodium and chloride are both retained and the 
serum ohlondes rise to nonnal. The blood pressure rises and clinical signs of 




Avitaminosis (H2) tongue (prepellu- Acute stage of sprue with typical aphtha. Chronic sprue tongue, 

grous), showing angular stomatitis. 

{I*. Miniuni-IiuJn) 

Plate XVII PREPELLAGROUS AND SPRUE TONGUES 
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dehydration disappear, whilst fat loss in stools is unaffected. The loss of electro- 
lytes in the copious watery stools is the main cause of salt deficiency (Black). 

Symptoms. Variahilify . — There is infinite variety in the combination 
and in the severity of the various symptoms of sprue, as well as in the rate 
of progress of the disease. In some instances it may be almost a subacute 
process, pinning its course in a year or two ; in others, again, it may 
drag on intermittently for ten or fifteen years. Much depends on the 
circumstances, the character, the care, the treatment, the age and the 
intelligence of the patient. 

General symptoms in a typical ease . — hi an ordinary fully developed case 
the patient — who is generally dark or muddy in complexion and much 
emaciated — complains of three principal symptoms : soreness of the mouth, 
dyspeptic distension of the abdomen, and looseness of the bowels — the last 
being particularly urgent during the early morning and part of the forenoon. 
He may also complain of feeling physically weak, of loss of memory, and of 
inability to take exercise or to apply his mind. His friends will probably 
volunteer the information that he is irritable and unreasonable. In 
addition to patchy pigrnentation and general discolouration of the skin, 
dryness with depilation is common, as is also scaling of the parakeratotic 
type. This follicular hyperkeratosis responds quickly to treatment. 

Mouth leswns . — The soreness depends on a variety of lesions of the 
mucous membrane, which, though painful, seem to be very superficial and 
vary considerably in intensity from day to day. During an exacerbation 
the tongue looks red and angry ; superficial erosions, patches of congestion, 
and perhaps minute vesicles appear on its surface, particularly about the 
edges and tip. Sometimes, from the folding consequent on swelling of the 
mucous membrane, its sides have the appearance of being fissured. The 
filiform papillae cannot be made out, although here and there the fungiform 
stand out, pink and swollen (Plate XVII). If the patient be made 
to turn up the tip of the tongue, red patches of superficial erosion, some- 
times covered with an aphthous-looking pellicle, may very likely be seen 
on either side of the fraenum. These aphthee probably form beneath the 
epithelium and subsequently burst. On eversion of the lips, similar 
patches and erosions are visible ; and, if the cheek be separated from the 
teeth, they may be seen on the buccal mucous membrane. Occasionally 
the palate is similarly affected ; very often, also, the mucous follicles are 
enlarged, shotty, and prominent. The gullet and uvula may also be 
congested and, in places, raw and sore. “ Cheilosis,” or tissue paper-like 
changes on the lips, and angular stomatitis are seen in about 20 per cent, 
of cases in acute sprue. 

In consequence of the irritation caused by these superficial and exceed- 
ingly sensitive lesions, the mouth tends to fill with a watery saliva, which 
may dribble from the comers, if the patient attempts to take any acrid 
food, strong wine, or anything except the very blandest diet, the pain and 
burning in the mouth are intolerable ; so much so that, although perhaps 
ravenously hungry, he shirks eating. Not infrequently, swallowing is 
accompanied and followed by a feeling of soreness and burning under the 
sternum, suggesting that the gullet, like the tongue, is also irritated, raw 
and tender- During exacerbations the condition of the mouth becomes 
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greatly aggravated . x^ltliough during the temporary and occasional improve- 
ments" it is much less painful, even then salt, spices, strong wines and all 
kinds of sapid foods sting unpleasantly ; and the tongue, particularly along 
its centre, is seen to he bare and polished as if brushed over with a coating of 
varnish. At all times the tongue is abnormally clean and devoid of far • 
during the exacerbations it is red and swollen ; but during the remissions 
and when not inflamed, it is small and pointed, and, owing to the anemic 
condition of the patient, it may be yellowish. The sore tongue and mouth 
may at first be the only signs, and they may persist for months or, it may 
be, for a year before complete sprue unfolds itself. The fiery red appear- 
ance of the tongue differentiates it from the “ magenta tongue ” of aribo- 
flavinosis. Keele and Bound remark that the latter was never observed 
in sprue cases in Burma. 



Fig. 81. — Sprue abdomen, showing intense meteorism. 

The tongue may be regarded as a mirror of the gastro-intestinal tract so 
that probably similar changes (hypersemia and inflammation) are present 
m the stomach and small and large intestines ; thus the mucosa of the 
rectum is inflamed, as can be demonstrated by sigmoidoscopy. 

Dyspepsia is usually very troublesome, the feelings of 
weight, oppression, and gaseous distension after eating being sometimes 
excessive. Very likely ihe abdomen swells out like a drum, and un- 
pleasant borborygmi roll through the bowel (Fig. 81). Occasionally, 
though not often, there may be vomiting, sometimes coming on suddenly, 
and not always accompanied by nausea. As a rule, there is a moderate 
hypochlorhydria, with adequate response to histamine, which may account 
for the dyspepsia. The gastroscopic appearances have been described as 
being similar to those of pernicious anaemia, and as taking the form of 
atrophic gastritis, which improves on intensive liver therapy. 
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Ayicemia may be pronounced even in the early stages, though more 
generally it develops when diarrhoea has persisted for some time. It is a 
megalocytic, hyperchromic anaemia of the pernicious type, with alteration 
in the size and shape of the erythrocytes, very occasionally with normo- 
blasts. Occasionally, severe anaemia, indistinguishable from that of 
Addisonian anaemia, with high Van den Bergh readings, supervenes even 
when active sprue symptoms have disappeared. 

Tetany associated with dilatation of the stomach is quite common in 
longstanding cases, but is also found in the early stages w^here there has 
been dehydration of the tissues and hypocalcaemia. It can often be elicited 
by compression of the upper arm {Trousseau s sign). 



Cramps in hands and legs may be particularly distressing and are 
the accompaniments of hypocalcasinia. 

Diarrhoea . — Diarrhoea associated with sprue is of two kinds : one 
chronic and habitual, the other more acute and, in the early stages, 
evanescent. The former is characterized by one or more daily discharges 
of a copious, pale, greyish, pasty, fermenting, acid, mawkish, evil-smelling 
material : the latter is watery, also pale and fermenting, the dejecta con- 
taining undigested food and, as a rule, an abnormally large amount of fat 
and fatty acids. In these latter circumstances diarrhoea usually brings 
with it considerable relief to the dyspeptic distension — at all events for a 
time. When the mouth is inflamed, diarrhoea is usually more active, 
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but this is by no means invariable. The stools during periods of quiescence 
may he confined to one or two in the early morning or forenoon ; during the 
later part of the day the patient is not disturbed. Even in this quiescent 
phase, however, they are always extraordinarily copious, the excessive 
bulk being attributable in great measure to fatty acids and to innumerable 
microscopic gas-bubbles. They are passed almost, or altogether, without 
pain. Not infrequently during exacerbations there may be a tender 
excoriated condition of the anus ; and sometimes, in women, a similar 
condition of the -vagina, causing pruritus. 

Types, history, course and termination. Primary or protopathio 
sprue.— There is a striking uniformity in the history of most cases of sprue. 
The patient has probably been suffering for months, or perhaps for years* 
from irregularity of the bowels. This, the physician may be told, began’ 
soon after arrival in the tropics, as a bilious morning diarrhoea. Por a long 
time this morning diarrhoea went on, without interfering in any way with 
the general health. Later, the mouth now and again became tender little 
blisters or excoriations appearing for a day or two at a time about the tip 
of the tongue or inside the lips. These sore spots would come and go. 
Perhaps, from time to time, exacerbations of the mouth symptoms would be 
associated with a little increase of diarrhoea. Gradually, the stools lost their 
bilious character and became pale and frothy; dyspeptic symptoms 
particularly distension after meals, now appeared. As" time went on, these 
symptoms would recur more frequently, and in a more pronounced’ form, 
following, almost inevitably, any little imprudence in food or exposure’. 
The general condition now began to deteriorate ; emaciation, languor* 
lassitude, and inabihty to get through the day’s work satisfactorily, be- 
coming more pronounced each summer until, finally, a condition of 
permanent invalidism was established. 

Should the disease continue to progress, the emaciation advances slowly 
but surely. Diarrhma may be almost constant, and now no longer 
confined to the morning hours ; the complexion becomes dark, sometimes 
very much so ; the appetite, at first in abeyance, may be ravenous, unusual 
indulgence in food being followed by increased discomfort, temporarily 
relieved by smart diarrhoea. At length the patient is confined to the house, 
perhaps to bed. The feet become oedematous, and the integuments hang 
like an ill-fitting garment, the details of the bony anatomy showing dis- 
tmctly through the dry, scurfy, earthy skin. Finally, the patient dies in a 
semi-choleraic attack ; or from inanition ; or from some intercurrent 
disease. Such is the history of an ordinary, mismanaged case of sprue. 

Another type of case commences as an acute entero-colitis or “hill 
diarrhoea,” with sudden and profuse colicky diarrhma, perhaps vomiting, 
and a certain amount of fever. The acute symptoms do not subside 
completely, but gradually acquire those of sprue grafted on to those of 
acute mtestinal catarrh. 

(a) Gastric cases . — Occasionally the morbid process is at first, judging 
from ihe existmg clinical symptoms and subsequent history, confined to a 
hmited part of the alimentary canal. Thus, there is sometimes sprue 
^^ut diarrhoea, the principal symptoms being sore mouth, dyspeptic 
distension, pale, copious but soKd stools, and wasting. 



TYPES OF SPRUE 


555 


{h) Intestinal cases, incomplete sprue, para-sprue. — On the other hand, 
there are cases in which the mouth is not eroded, and there is little or no 
distension or dyspepsia, but in which the stools are liquid, copious, pale, 
and frothy. Sometimes a patient, who may have su&red at an earlier 
period or on a former occasion from the first t}q)e of the disease, later 
acquires the diarrhoeic form ; and vice versa. 

(c) Sprite without diarrhoea . — Sometimes under treatment the sore mouth, 
dyspepsia and diarrhoea completely subside ; nevertheless, the wasting 
continues, the stools remaining phenomenally copious — so much so that 
the patient may declare that more is passed than has been eaten. In this 
case wasting is progressive, and the patient gradually dies of inanition. 

(d) Tongue or inouth sprue. — As a rule, the characteristic appearance of 
the tongue is associated vdth gastric and intestinal symptoms, but this is 
not invariable. The Editor has described some cases in Ceylon, and several 
others during the last twenty-five years, where the process remains con- 
fined to the mouth and gullet for a year or longer, before intestinal 
symptoms are noted. This stage may well be regarded as larval sprue.” 

Intestinal atrophy consequent on sprue. — In certain instances, under 
treatment the symptoms proper to sprue subside, but the patient’s digestive 
and assimilative faculties are permanently impaired. Slight irregularities, 
either in the quality or the amount of food, chill, fatigue, depressing 
emotions, and other trifling causes suffice to bring on dyspepsia accompanied 
by flatulence and diarrhoea. These cases may linger for years. Usually, 
they improve during the summer in England, getting worse during the 
winter and spring, or during cold damp weather. Ultimately, the patients 
die from general atrophy, diarrhoea, or some intercurrent disease. 

Secondary sprue. — Sprue may foUovr closely on the heels of some other 
severe intestinal disease, such as amoebic or bacillary dysentery, or may be 
the direct sequel of hiU diarrhoea. In bacillary dysentery, for instance, the 
sprue symptoms may be evanescent during convalescence, or, as sometimes 
happens, may become firmly established at some later period. Therefore, 
the recognition of a secondary form of sprue conforms with other nutri- 
tional diseases. The co-existence of intestinal amoebiasis with sprue has 
often been recorded. 

Sequelae. AncBmia and spinal symptoms . — Severe anaemia of the 
pernicious type is a frequent sequel {see p. 550). Until recently it had been 
generally considered that sclerosis of the spinal cord did not occur in sprue 
and that this distinguished it in some degree from subacute combined 
degeneration of the cord in pernicious anaemia. But this cannot 
always be substantiated, for in longstanding cases of sprue with severe 
anaemia, occasionally unmistakable signs of cord involvement — spastic 
paraplegia, ankle-clonus, positive Babinski sign, and, eventually, complete 
and fatal paralysis of the lower extremities — ^have been observed. Mild 
neuritic signs in the arms and legs (pins and needles) frequently supervene ; 
sometimes also a generalized peripheral neuritis, with paraesthesia and 
loss of reflexes, resembling beriberi, which has been found to respond 
satisfactorily to vitamin Bi therapy. 
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(Edema . — Generalized oedema, especially of the legs, is a frequent accom- 
paniment of sprue, especially in those patients who are responding to 
treatment, and is probably connected with salt depletion. 

Purpura . — Petechial haemorrhagic rashes, noticeable on the thighs and 
legs (Fig. 62, p. 444) are a scorbutic phenomenon and formerly occurred 
in patients who had been fed on milk. This rash disappeared 
after the administration of adequate amounts of vitamin C. Small 
subcutaneous haemorrhages on the hands are common in atrophic cases of 
sprue and probably are scorbutic in nature. 

Dermatitis . — A dermatitis is a frequent accompaniment of sprue, 
especially in elderly people with extreme anaemia. It generally breaks 
out during convalescence when the patient is responding to treatment, 
and is mostly seen on the arms and chest. Sometimes the rash is pellagrous, 
and the Editor has recorded cases of association of this disease with sprue, 
when improvement occurred on administration of nicotinic acid. 

Special features of sprue in women . — Amenorrhoea and menstrual distur- 
bances are extremely frequent in women with advanced sprue. Symptoms 
of sprue usually become exacerbated during pregnancy. 

Belapses of sprue are unfortunately frequent and form a characteristic 
feature of this mysterious disease. Often they come on suddenly, and quite 
unexpectedly, without any apparent exciting cause. Sometimes the 
typical relapses are observed after an interval of twenty to twenty-seven 
years of apparently normal health in England. 

Latency. — One of the most remarkable features of sprue is latency. 
Thus, it may arise in England in persons who have at some time resided in 
an endemic area of the disease. Usually, this period is one or two years ; 
sometimes it is longer — seven or eight years ; exceptionally it may be as 
long as twenty-five years. 

Diagnosis. — The tongue, the stools, and the history seem sufficiently 
distinctive to render diagnosis easy. Cases do occur in which the disease 
has been diagnosed and treated as syphilis, the condition of the mouth 
being attributed to this disease, and the character of the stools and other 
symptoms ignored. Care must be taken in interpreting the significance 
of the smaller area of liver dullness usually found in well-marked cases 
of sprue. This is not due to cirrhosis of the liver, but to wasting, in 
common with other organs. 

Differential diagnosis. — Coeliae disease (Gee’s coeliac diarrhoea, 
or the Gee-Herter syndrome) occurs frequently in Europe in children 
under ten, and is also seen in those returning from the tropics. Coeliac 
disease is probably congenital and its aetiology is therefore different 
from that of sprue, but the stools are similar in appearance and in 
chemical composition. This disease is associated with diarrhoea and meteor- 
ism, stunted growth, and incomplete sexual development. There is, no 
involvement of the tongue and mouth, and the ansemia is not so severe as 
in , tropical sprue. Symptoms usually disappear on a fat-hee dietary. 
IdiopiAia steaiorrjioea is probably the same process as coeliac disease 
persisting into adult life, and was described by Thaysen in Denmark and 
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Northern Europe as mn4ropical sprue. This is a nutritional disturbance 
associated with tetany, osteomalacia, osteoporosis^ and ansemia. It is 
therefore characterized by disturbances of the calcium metabolism and 
anaemia, which is usually hypochromic, but may sometimes be hyperchromic 
and megalocytic. According to Bennett, Hunter and Yaughan, in “ non- 
tropical sprue ” there are often cutaneous lesions, infantilism, megaeolon, 
fine silky hair, brittleness and ridging of the nails, clubbed fingers, 
and a flattened type of blood-sugar curve after ingestion of glucose 
(which is also found in tropical sprue). Lens opacities, gross bony defor- 
mities, and tetany constitute the outward signs of defective calcium 
metabolism. The serum calcium is low ahd there is excessive excretion 
of fat. Both coeliac disease and idiopathic steatorrhcea may be complicated 
by secondary pellagra. An important, almost diagnostic, point of 
differentiation, is that these two forms of steatorrhcea do not respond to 
liver and folic acid therapy as does tropical sprue. 

The absence of skin lesions and mental symptoms differentiates sprue 
from pellagra. The sprue tongue may be difficult to differentiate from that 
of pellagra ; the latter is pointed, and when it is inflamed and painful the 
process is generalized, not confined to certain definite and circumscribed 
areas as in sprue. The “ magenta tongue ” of aribofla\’inosis is 
distinctive. The tongue of early pellagra (Plate XYII) is invariably 
associated with angular stomatitis and an atrophic condition of the hps 
(cheilosis). Atrophy of the lingual papillae also occurs in pernicious 
anaemia and so this may be confused with sprue. No difficulty should 
be experienced in differentiating Addison's disease from sprue. Gastro- 
jejuno-colie fistula may give rise to symptoms simulating sprue, but these 
disappear when appropriate surgical measures have been undertaken. 
The general picture may be mistaken for cholecystitis. 

Giardiasis {see p. 539) may produce light-coloured fatty diarrhoea, and 
may also be mistaken for sprue. 

Differentiation of sprue from chronic pancreatitis may present difficulties. 
In the latter condition neutral fats predominate in the faeces, the tongue 
and mouth are not involved, and the diastatic reaction of the urine is high. 

The low blood-sugar curve after the intake of 1 grm. of glucose per kflo. 
body weight serves to differentiate sprue from pernicious and allied 
anmnias, but a similar curve accompanies idiopathic steatorrhoea and 
coeliac disease. The anaemia of sprue greatly resembles that of pernicious 
anaemia, though normoblasts are rare and megaloblasts do not occur. 
High van den Bergh readings are the rule in true pernicious anaemia : 
exceptional in sprue. Differentiation from tropical macrocytic or 
nutritional anaemia cannot be made on blood examination alone, as 
the picture is very similar. This anaemia affects pregnant women in the 
tropics, and is not accompanied by diarrhoea. 

Certain cases of tabes viesenterica may, on clinical grounds, resemble 
sprue, and so may disease of the mesenteric glands, such as lymphosarcoma 
or lymphadenoma. 

The radiographic JindiTigs in sprue, — The radiographic features are those 
of a deficiency pattern. Films should be taken at half-hourly intervals 

^ Osteoporosis lias never been recorded in tropical spme. 
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after a, barium meal. Fluorscopic examinations are made two or three 
times, usually with pressure films over the ileal region. Food is given 
five hours after the barium meal as soon as the barium has entered the 
csecum. In early cases the mucosal folds of the small intestine may be 
reduced in number and appear more exaggerated, i.e., more irregular in 
vddth and spacing ; but in advanced cases the mucosal folds may be 
entirely missing, giving rise to a smooth bag-like appearance or the“moulao-e 
sign/’ The mucosal changes are best seen in the jejunum. 

Segmentation of the barium, the presence of discrete sausage-like 
masses, and irregular width of the lumen are seen as the barium passes 
through the small intestine. Small masses are left behind, giving rise to 
small clot-like shadows, more or less regular in shape and size which are 
most evident in the jejunum. The herring-bone pattern in this viscus 
described by American workers is not so common as it is in idiopathic 
steatorrhoea (Golden). These appearances, though characteristic, are not 
specific and have been attributed recently by Frazer and colleagues to 
over-secretion of mucus, which occurs in the small intestine. The results 
of a valuable investigation by Drew, Dixon and Samuel (1947), with a 
special barium mixture with fat, are in agreement with the above 
description, but the passage of a large fatty meal into the normal small 
bowel did not produce appearances similar to those of sprue, thus 
disproving the supposition that the changes are due to abnormal fatty 
contents. The radiological improvements always lag behind the clinical 
improvement after appropriate treatment. 

Prognosis is good for recent cases, provided proper treatment is carried 
out. It is bad for patients over fifty, for longstanding causes, for careless and 
injudicious patients, and for those who cannot or will not take a special 
diet. 

Treatment 

General statement. — The treatment of sprue is mainly a matter of 
bocmy rest and careful dieting in order to procure assimilation of the most 
easily absorbable foods. If treatment be undertaken sufidciently early, and 
be thoroughly and intelligently carried out, it is generally successful. 
Should, however, it be undertaken too late, when the glands and the 
absorbing surface of the alimentary canal have been destroyed, the 
case is alnaost sure to end fatally. In prescribing treatment, therefore, 
the first thing is to get the patient thoroughly convinced of the serious nature 
of his complaint ; for without his hearty and complete co-operation a well- 
established case will not be cured. To be successful, treatment must be 
thorough, sustained and prolonged. All predisposing causes, such as 
uterme or other discharges, sypMhs, and helminthic infections must, of 
course, be removed as far as possible. The size and weight of the fseces 

+ 1 ^i/ weighing the pan and subtracting from the 
total the known wei^t of the receptacle. The average daily weight of 
nomal fasces is from six to eight ounces ; in sprue it is commonly double or 
treble this amount. By keeping a chart of the average daily excretion, 
^d by ^timating the weight of the food ingested, an estimate may be 
formed of the daily intake and output. 
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Nursing of sprue cases is all-important. A great deal rests with the 
nurse ; sprue patients are apt to be unreasonable and refractory, so she will 
need to be sympathetic and tactful, yet firm. A regular routine of feeding 
should be strictly adhered to, both in quantity and ingredients. The sheet 
anchor of treatment in sprue is diet, as all who have written on this disease 
agree. Eats and starches are not well assimilated. 

^ Specific treatment. — The discovery of folic acid (folvite) and its 
instantaneous and beneficial effect on the outstanding clinical signs 
and symptoms of sprue has raised the hopes that in this substance we 
have at last obtained a specific remedy in such a dire and puzzling disease. 
The scientific grounds upon which this belief is founded have already been 
given {see pp. 545—548). Folic acid treatment should be commenced 
directly the diagnosis has been established. In tropical sprue its first 
effect is upon the glossitis and mouth symptoms which remit within 
a few days and give almost instantaneous relief. The appetite improves 
and, with the abatement of diarrhcna and meteorism, there ensues a sense 
of well-being and a desire for food. In some patients this follows in a 
few days and they commence to regain the weight lost. Folic acid 
came into general use in 1946, and since then a large number of 
papers have appeared testifying to its ef&cacy. It is an expensive 
drug, hence the necessity of regulating a standard dose. It would 
appear that the larger doses which were first considered advisable are 
not necessarily essential The curative dose ranges about 30 mgm. 
daily and the maintenance dose from 5-10 mgm. Folic acid treatment 
should be instituted directly the diagnosis has been arrived at, whether 
the patient is in the early or late stage of the disease. 

When the patient is responding the imposition of a restricted diet does 
not appear to be any longer necessary. 

The following doses of folic acid are provisionally suggested : — 30 mgm. 
daily for 10 days ; 20 mgm. for a further 10 days — thereafter 5 mgm. 
daily as maintenance dose. 

In order to obtain the maximum haematological response folic acid 
must be combined with intensive intramuscular liver therapy. Spies and 
colleagues have found that a compound — 5 methyl uracil, or thymine — 
can be substituted for folic acid, but large doses are necessary, i.e., about 
6 grm. daily for 14 days as compared with 20 mgm. of folic acid. 

Terojpterin (Pteroyltriglutamic acid) has been tried out by Suarez and 
colleagues in a series of five patients. Four received 10 mgm. intra- 
muscularly and one 20 mgm. The reticulocyte response was maximal. 
A daily dose of 10 mgm. is equivalent to 6*3 mgm. folic acid and is probably 
adequate. 

Vitamin a red crystalline substance obtained from the liver, is 
considered by some to represent the intrinsic factor. A similar substance 
has been obtained from cultures of Streptomyees griseus. The activity has 
been estimated on cultures of La^tohacilliis laetis. Totter suggests a dose 
of 3 ft grm. daily for six weeks. 

Treatment of anaemia. — In extreme cases with blood destruction in 
which the blood picture resembles that of advanced pernicious ansBmia, 
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blood-transfusion is essential and some with a red cell count of half a 
million r.b.c. per c.nim. have recovered. Sometimes two or three trans- 
fusions at weekly iiiterv^als are advisable. 

The beneficial effects of liver soup in sprue have been noted since the 
early days of Manson and van der Burg. The best preparations of liver 
suitable for oral administration are those of Eli Lilly, Parke Davis, and 
Oxo (Liveroid), but large quantities are required, and they are expensive. 
An important advance is intramuscular injection. Gampolon (Bayer), 
Hepatex, Plexan and Examen are most efficient. In grave cases 4 ml is 
injected daily for six injections, but usually a series of 12 injections of 
2 ml. suffices. They should be made deep subcutaneously into the buttock, 
and are usually followed on the ninth or tenth day by a rise in the 
reticulocyte count. The first injections may be rather painful, but this 
gradually works off as more are given. Sometimes the addition of iron 
is of advantage, especially in cases without megalocytic blood changes. 
It may be given in the form of ferrous sulphate tablets (Glaxo) three 
times daily, or of hcematinic plastules (Wyeth). 

Other vitamins. — Some cases of sprue improve on liberal administration 
of vitamins, such as nicotinic acid and riboflavin, but a combination of 
vitamins is indicated such as Beplex (Wyeth) which contains aneurin, 
riboflavin, nicotinic acid, pyridoxin, and pantothenic acid. 

Diet. — Much has been written about the details of a sprue dietary and 
most varied opinions have been expressed. When the tongue and mouth 
are very sore the patient is fed on milk, and should this not be well tolerated 
on Sprulac (p. 561). Horlick’s and Benger’s preparations are also suitable. 
A high protein dietary, as advocated for pernicious anaemia, is preferred by 
some authorities. In the second week the patient may be allowed three 
pints of milk daily, with rusks or toast, a hghtly boiled egg, minced 
chicken, sweetbreads, minced liver, semolina, ground rice and tapioca 
puddings. Junket is also suitable. Amongst fruits, bananas and baked 
apples are well tolerated. Eormerly mystical properties were 
attributed to strawberries and bael fruit {Aegle marvielos) in the treatment 
of sprue. Both are suitable when they can be procured. Easpberries 
and blackberries are also relished by the patient. 

The principle of sprue dietary is avoidance of fatty or greasy foods 
and the ingestion of too much carbohydrate. 

In elderly patients (i.e., those over 45) and where there is a high degree 
of anaemia, the addition of raw or underdone, finely shredded beef is of 
advantage. 

Minced beef for Sprue Patients 

8 oz. best beef ; 

1 good teaspoonful of marmite ; 

Pepper and salt ; 

2-3 tablespoonfiils of water. 

Trim off all fat from the beef. Mince the raw beef finely, putting it twioo 
through the mincing machine if necessary . 

Pi&oe in double saucepan with marmite, seasoning, and water. Cook over 
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boiling water, stirring the ingredients with a fork all the time until the meat has 
turned brown and crumbly — roughly 3 minutes. 

Serve on a hot- water plate. Treated in this manner minced beef is a palatable 
dish. 

In patients with flatulence and meteorism which are increased by milk, 
this beef diet may be substituted for one pint of milk. 

Lightly-steamed meat with gravy is advantageous, and should be steamed 
in the following manner : 

Take undercut of beef, 4 oz. Steam with 6 oz. of water for 5 to 7 minutes. 
Add a pinch of salt and serve as thick soup with lemon juice or slice of tomato. 

The recipe for hver soup is as follows : 

Take half a pound of calves’ liver and cut it into small pieces. Place in a 
double saucepan, add \ pint of cold water and simmer for IJ hours. Strain 
through a sieve and add 1 pint of bone stock or chicken jelly, and, if necessary, 
flavour with marmite. Add a small quantity of pepper and salt. 

Liver soup can be given in soup-platefuls of 8 oz. each, and may be taken 
together with underdone meat. 

Food should never be given unless the patient is hungry. It is a great 
mistake to try to let these patients eat quickly, or to stimulate the 
desire for food by encouraging active exercise. The bowel is not in a 
condition to deal with large meals. 

A high-protein milk powder, or Spruhc (Cow & Gate, Ltd.) is prepared from 
fresh milk which has been treated by passage through a gauze and wire filter, 
subsequently chilled, centrifuged to get rid of organic and inorganic debris, 
passed through a mechanical mixing apparatus and eventually desiccated at 
120° C. The powder contains 10-6 per cent, fat ; 34-0 per cent, protein and 
45-0 per cent. L-ctose. The calorie value per ounce is 125 and the ratio of protein, 
fat and carbohydrate is 1*0: 0*3 : 1*3. Sprulac can be given in the same 
manner as milk. One ounce of Sprulac is made up to 8 oz. -with w’ater and 
given every 2J hours for sis feeds. Subsequently the amount may be increased 
and calves’ -foot jelly and the juice of two oranges added. Sprulac forms an 
excellent addition to the diet in all stages of sprue. 

Dehydration . — ^Dehydrated cases must be treated on modem lines 
with fluid replacement therapy by intravenous drip saline. Treat- 
ment by increasing the salt intake to 15 grm. daily combats the 
dehydration, usually in a few days. Cheeking the diarrhoea by the use 
of sulphaguanidine or sulphasuccidine is most important. 

Betum to Europe . — ^When sprue develops in the tropics, if feasible, the 
patient should be sent to Europe as soon as possible. It is a mistake, 
however, to ship an invalid if the disease is active, or the end m an i f estly 
not far off. Diarrhoea should not be present when the patient is put on 
board ship. The effect of folic acid in a hot climate appears to be equal 
to that observed in Europe, and this necessarily has exerted a considerable 
influence on the management of this disease in the tropics. 

Cbthing and general management . — Sprue patients returning to Europe 
ought to be especially careful in their clothing, and they ought to get out 
their warm clothes before the ship leaves the tropics. If they return during 
the winter, they should arrange to remain in the south of Europe until 
late spring. Next to an unsuitable dietary, perhaps cold is the most 
prejudicial influence to which a sprue case can be exposed. A sprue patient 
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ought never to feel cold ; he ought always to wear thick flannels, thick 
stockings, and, when up and about, thick boots. In winter a chamois- 
leather sleeved waistcoat is of great service. His rooms ought to he warm. 
He ought to eat very sparingly. He ought never to be fatigued ; he ought 
to go to bed early and rise late ; in fact, he ought to do everything in his 
power to avoid irritating the bowel, to guard against chill, physiological 
depression, and copious eating. 

During the summer England is suitable enough as a residence ; but 
during the cold winter and spring months some milder, drier and more 
sunny climate must be sought. 

Sore tongue and mouth . — This responds readily to folic acid treatment, 
but a great deal can be done to ameliorate the soreness and the dysphagia 
caused by ulceration of the tongue and mouth. The mouth should be 
kept very clean and washed out after each feed with a bland mouth-wash 
such as potassium chlorate, 1 drachm to the pint of hot water, but if the 
mouth is very painful, cocaine, 2 gr. to the ounce of glycerin and borax, 
brushed on to the tongue lightly before eating, will deaden sensibility, hi 
certain cases where the saliva is very acid, as it generally is when the 
tongue is very raw, an alkaline mouth-wash should be used as follows : 


Sod. bicarb. ...... gr.x (0*648 grm.) 

Sod. biborate gr.x (0*648 grm.) 

Rose-water ...... §iv (113*6 c.o.) 

Diluted with water according to taste. 


In cases with marked hypochlorhydria the administration of hydrochloric 
acid is advisable. A mixture containing 20 min, of the dilute acid should 
be given before each main meal. 

■ Diarrhoea . — The diarrhoea of sprue yields to dietetic treatment but, if 
excessive, the best method is to administer a small quantity of castor oil in 
teaspoonful doses, after which kaolin powder in the same quantity should 
be given, suspended in milk or water. If nocturnal diarrhoea is very 
severe, chlorodyne (10-15 min.) is often successful. Sulphonamddes, 
especially sulphaguanidine and sulphasuccidine, in full doses of 5-10 grm. 
daily, according to the patient’s weight and tolerance have proved very 
successful in checking sprue diarrhoea. 

Flatulence and meteorism . — In cases with extreme distension injection 
of pituitary extract, especially jpitressin (J-1 ml.), is followed by passage 
of flatus and instant rehef . 

Constipation . — The constipation following the acute phase of sprue may 
be difficult to overcome. Often hard scybala form in the sigmoid colon and 
become impacted. The best aperient is castor oil. In extreme oases it may 
be necessary to give an enema of warm olive oil (10 oz.) and subsequently 
to remove the scybala from the rectum by the finger. As a general 
aperient, petrolagar (red label), or agarol, are preferable to liquid paraffin. 

Anal excoriation and irritation is sometimes a distressing feature, and 
may he relieved by the following ointment : 


Orthoform 
Zinc oxide 
Starch . 
Paraffin . 


40 gr. 
. 120 gr. 

. 120 gr. 

ad 1 oz. 



HILL DIARRHCEA 


563 


Tetany and cramps. — The treatment of these symptoms, which are due 
to calcium deficiency, is by administration of calcium by the mouth in 
doses of 10 gr. three times daily, and in extreme cases by intravenous 
injection of salts, such as calcium gluconate (Sandoz) 10 ml. or over. 

To mcrease assimilation in atrophic cases. — Glucose, 2 oz. daily, should 
be added to the dietary throughout ; and to increase assimilation when 
intestinal atrophy is a feature, insulin, 2-6 units, injected twice daily, 
may often be followed by an increase of the appetite and a corresponding 
aptitude for absorption. 

Anorexia and vitamin deficiency. — The loss of appetite and taste 

in severe cases of sprue is a difficulty, but usually improves gradually 
when the patient is put to bed. It has been found that vitamin 
(aneurin) increases the desire for food : it may be injected, in doses of 25 
mgm. daily, with advantage. It is curative also in cases presenting neuritic 
symptoms with loss of deep reflexes. 

Convalescence. — Sprue patients, if possible, ought not to return to the 
tropics. Young adults often recover completely, but the danger of relapse is 
greatly enhanced in those over 50 if they return to a hot country, especially 
India. If compelled by circumstances to do so, they must exercise the 
utmost care for their health, and avoid exposure, cold baths, and all 
excesses; purge gently, and go on simple diet on the slightest sign of 
relapse. Alcohol, especially strong spirits, is strictly contra-indicated for 
at least three months from the time of apparent recovery. A maintenance 
dose of 5 mgm. folic acid is recommended. 

Treatment of complications. — Careful search should be made for any 
co-existing infection from which the patient may be suffering. ^Malaria, 
especially benign tertian, and, more important still, syphilis, may prejudice 
recovery. Sprue patients vdth syphihs tolerate antisyphiUtic treatment 
well and their general condition is benefited. Sprue may be complicated 
by amoebic dysentery, and in such cases vigorous treatment with emetine 
and emetine-bismuth-iodine may be necessary before any improvement in 
the general condition is noted. Acute appendicitis quite commonly 
comphcates sprue and may necessitate operation, with the result that the 
underlying sprue is improved. Sometimes acute lobar pneumonia may 
supervene, and it has been noted that the sprue symptoms have been much 
improved after recovery. 


HILL DIAERHCEA 

Little has been heard in recent years about hill diarrhoea. It is a form of 
morning diarrhoea accompanied by flatulent dyspepsia and the passage of copious 
liquid, pale, frothy stools. It occurs principaLly in Europeans on visiting the 
hills after residing for some time in the hot lowlands of tropical countries. HiU 
diarrhoea is a frequent precursor of the fully developed disease — tropical sprue — 
and probably is of similar aetiology. 

Crombie, who gave an excellent account of this disease in India, pointed out 
that a similar affection may show itself in the highlands of Europe, Africa, and 
possibly South America, and Steen described a similar diarrhoea in Java, where 
it is known as “ Bandoeng sprue.” There is no reason, therefore, to suppose 
that hill diarrhoea is peculiar to India, although, owing to the large European 
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population frequenting the hill sanatoria in that country, it has been particularly 
noticed there. An elevation of 6,000 feet or over, when combined with an 
atmosphere saturated with water vapour, is particularly favourable to its develop- 
ment. Ill India it is found to begin and end with the rains, during which, in 
certain vears and places, it is apt to assume almost epidemic characters. In 
some years lull diarrhoea is less prevalent than in others ; but at the proper 
season few of the various hill sanatoria of India are without cases. 

Wdtiiout very obvious cause, the patient, who in other respects may be in 
good health, soon after arrival at a hill sanatorium becomes subject to a daily 
recuiTing diarrhma, the looseness coming on regularly every morning some time 
between 3 and 5 o’clock. The calls to stool are apt to be sudden and imperative. 
The motions passed are remarkably copious ; very watery in some instances, 
pasty in others. They are pale, frothy, and like recently stirred whitewash, so 
devoid are they of biliary colouring matter. Their passage is attended with little 
or no pain, often with a sense of relief. From one to half a dozen, or more, such 
stools may be voided before 11 a.m. After that hour— at all events, in ordinary 
cases — the diarrluea is in abeyance for the rest of the day, and the patient may 
go about his duties or pleasures without fear of inconvenience. 

Treatment. — In view of the discovery of folic acid the older ideas of treatment 
will have to be revised. The diarrhoea generally yields to strict diet—milk and 
junket, warm clothing and removal to a lower altitude. The diarrhcea is checked 
with sulphaguanidine or sulphasuccidine in full doses as well as the administra- 
tion of folic acid. 



Section IV.— INFECTIVE GRANULOMATOUS 
DISEASES 

CHAPTER XXXR' 

LEPROSY 

Definition. — A chronic infective granulomatous disease produced by the 
leprosy bacillus, characterized by lesions of skin, nerves and viscera, 
ending in local anaesthesia, ulceration and trophic lesions. After a prolonged 
course it is usually fatal. 

Epidemiology. — Various estimates have been made of the total number 
of lepers in the world. From official figures, admittedly incomplete, they 
number about 3,500,000, but this is undoubtedly an underestimate, and 
the true figure is probably about four to five noillions. The most striking 
fact brought out by Rogers and Muir, in their study of climatic factors* is 
that every country with a high rate of incidence (5 per mille and over) is 
in the tropics and possesses high annual rainfall and a considerable degree 
of humidity. The state of civilization and culture amongst these coloured 
peoples is low, and they live in small overcrowded houses under conditions 
of semi'civilization favourable to the spread of this disease. 

The highest incidence is found in tropical Africa. The estimated rates 
per mille of population are 20 in Belgian Congo ; 16 in French Equatorial 
Africa, and 5-10 in the British West and Central African colonies. In 
tropical Asia and Oceania a high rate of prevalence occurs, with rates 
varying from 2-22 per mille (New Caledonia and the Marquesas). In the 
Western Hemisphere the incidence varies from 1 in the West Indies to 
3 '75 in Colombia, Venezuela and Bra 2 dl. The world-wide relation between 
rainfall and leprosy incidence is seen in the noteworthy fact that leprosy 
is almost completely absent from those parts of the tropics with a rainfall 
of less than 10 inches per annum. 

In temperate climates and in North Europe the rate appears to be nowhere 
over 1 per mille with the exception of parts of India, China and the Southern 
portion of J apan, in areas with a comparatively high rainfall. The explana- 
tion of these basic facts appears to be that dry heat is inimical to the 
survival of the lepra bacillus outside the human body. According to 
Rogers and Muir, the evidence of accumulated data favours the view that 
the organism generally invades the body through the skin. 

Rogers has furthermore suggested that mild tuberculization of a com- 
munity producing an exalted immunity to the tubercle bacillus also affords 
some protection to leprotic invasion, although the reverse is certainly not the 
coae, as it is common knowledge that lepers often succumb to pulmonary 
tuberculosis. 

Predisposing factors. — The most important factors influencing the 
prevalence of leprosy are a low stage of civilization and accompanying 
grave hygienic defects. This was shown by the disappearance of leprosy 
from amongst a number of infected Norwegian immigrants into the United 
States when leprosy died out as a result of the greatly improved hygienic 
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conditions under which they lived. It has become clear, moreover, that 
there is little or no tendency in leprosy to spread at the present day under 
favourable hygienic conditions in temperate climates. Defective housing 
and overcrowding furnish favourable conditions for its spread, and in 
the main endemic areas the poorer inhabitants live in close proximity 
to one another. One fact that has been brought out strongly in the 
Hawaii reports is the effect of irregular sexual relationship with native 
women, and in the Marquesas Islands epidemic leprosy was spread by the 
prevailing promiscuity. Sociability, too, has been found to favour its 
spread ; thus, in Norway Hansen recorded that formerly it was considered 
impolite to refuse to sleep in the same bed as a leper, if he was not in an 
advanced and noticeable stage of the disease. The habit so prevalent in 
the Pacific Islands of smoldng communal pipes and of eating out of the 
same dish naturally also favours infection. Absence of fear of the disease, 
as in native tribes of Central Africa and in the Pacific, and their objection 
to isolation of lepers naturally encourage direct contagion. 

Diet is said to predispose to leprotic infection, especially the edible 
yam root — colocasia — in the Pacific Islands. 

Epidemic diseases, such as typhus or plague, attended by a high general 
mortality, have in the past resulted in great, though temporary, decrease 
in prevalence of leprosy. 

iEtiology. — The universal and ancient conviction of the infectious nature 
of leprosy is accepted everywhere, but during the nineteenth century there 
existed a deep-rooted belief in the almost exclusive origin of leprosy 
through heredity. Native belief for centuries in China, Japan and Central 
Africa has been moulded on the heredity theory, but it was held that this 
taint does not make its appearance until puberty. 

In St. Kitts Munro found, in 64 oases with reliable family records, that 
there was no family history in 84, whilst of the remainder there existed a 
direct history in 9 only. During the past decades much positive evidence 
has been obtained against the heredity theory. First, there is the 
diminished fecundity of lepers, which is well known. The rapid increase 
of leprosy in Hawaii could by no means be explained on any hereditary 
basis. The most striking example, however, in history is the observations 
of Hansen on 170 Norwegians who migrated to Minnesota, U.S.A. when 
suffering from the disease ; not one of their descendants, up to the third 
generation, had contracted leprosy in America. 

Contagion , — It is generally accepted that leprosy is conveyed from the 
sick to the healthy by contagion, and this is emphasized by all who have 
written on this subject, such as Brousse in Trinidad (1879), Hills in British 
Guiana (1881), and Leloir in the Hawaii reports of 1886. A native of 
a non-leper colony may acquire the disease on visiting a leper country 
and, moreover, may communicate it to his fellow countrymen on his 
return. One well-authenticated instance occurred in 1872 when an Irish- 
man, who became a leper in the West Indies, returned and conveyed it to 
his brother in Dublin. The Editor studied a somewhat similar case in 
a woman whose husband — a Mauritian — ^had died of leprosy, and who 
developed the disease in London, where she had lived all her life, after 
an incubation period of seven years. 
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Intimate contact appears to be necessary, combined with lowered 
resistance and susceptibility tg infection, because implantation of the 
bacillus does not alone suffice. Many attempts have been made in the 
past to communicate leprosy to man by inoculation ; all, with two 
questionable exceptions, have failed . De Langen (1936) , however, reported 
the case of a European in Java who was injected with morphia from a 
syringe previously used on a leper; six months later a leprous nodule 
appeared on the forearm at the exact site of the morphia injection ; sub- 
sequently, other lepromatous manifestations were noted. In June, 1936, 
Lagoudaky was twice inoculated intramuscularly with leper blood. Some 
forty-four days later two small subcutaneous leprous lesions appeared and 
he was demonstrated in 1938 at the International Leprosy Congress. 

The rapid spread of leprosy in a susceptible community is difficult to 
reconcile with the statement that in many instances contact under favour- 
able circumstances has failed to convey the disease. Thus, in those who 
have lived for a long time in attendance on lepers there have been only a 
very few instances of infection, e.g. the historic cases of Father Damien at 
Molokai, two Sisters of Mercy and the Medical Superintendent at Eobben 
Island in South Africa. But hundreds of attendants on lepers pursue 
their work for years unscathed. In Louisiana 19 Sisters of Charity 
have been in attendance on lepers for 41 years without one single instance 
of infection. 

As with tuberculosis, evidence points to the susceptibility in early life. 
The relationships involving intimate contact in childhood are most im- 
portant. This has been realized in the Culion Island leper colony (Philip- 
pines) where children of lepers removed from their leprous surroundings 
do not contract leprosy. Amongst 10,000 lepers there Denny noted that 
35 per cent, were brothers and sisters, 27 per cent, cousins, 11 per cent, 
children of lepers, 7 per cent, parents of lepers but only 1 per cent, husband 
and wife. In Japan it is recorded that 7 per cent, of children oMepers 
contract the disease. The childhood rate is the number of child lepers 
per 100 cases of leprosy. 

It is held that the two main signs that leprosy is diminishing in any 
area are a high lepromatous type rate and a low child rate. Most statistics 
show that leprosy is more common in men than in women at about 2:1. 
Usually leprosy is much more common in the poorer and less hygienic 
classes. 

Bacillus leprcB {Mycobacterium leprae ). — This organism is the accepted 
cause of leprosy and is present usually in great profusion in the tissues. 
In size, shape and staining reactions it closely resembles the tubercle 
bacillus. It exhibits marked pleomorphism ; the ends are somewhat 
attenuated and by some it is said to possess a gelatinous capsule. Indi- 
vidual bacilli vary in size, from 1*5 to 5 /x in length and from 0-2 to 0*5 /x 
in breadth. Curved forms with pointed ends are not uncommon. In the 
reactionary stages of the disease the organisms may be granular, coccoid, 
mono- or bipolar. Bound, spore-like bodies often impart a granular 
appearance to a clump of bacilli. In common with the tubercle and 
smegma baciUi Myco. leprae is acid-fast, retaining carbol fuchsin stain 
after being treated with mineral acids, though it may be distinguished from 
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Myco, tuherculosis by being more easily decolourized by alcohol than by 
weak acids. Moreover, it occurs in large numbers in the lesions, chiefly in 
zooglcea masses within the lepra cells, often grouped together like bundles 
of cigars or arranged in a palisade. Chains are never seen. Most striking 
are the intracellular and extracellular masses, Imown as glohi, which consist 
of clumps of bacilli in capsular material. (Fig. 82.) 

The bacilli can be readily demonstrated by excision of a leproma, or 
they can be obtained by clamping a nodule, pricking the solid tumour, 
collecting a droplet of expressed “ leper juice " on a coverslip and staining 
by the Ziehl-Neelsen method. They are Gram-positive. They are found 



Fig. 82.— Section of spleen showing lepra cells and lepra bacilli. 

X 800. 

in all primary deposits, in the skin lepromata, in marginal infiltration of 
the macular eruptions (where they may be very sparse), in apparently 
normal skin in the vicinity of leprous lesions, in the early stages of leprous 
neuritis (where also they may be present in small numbers) and in the 
specific lesions in the liver, spleen, testes and lymphatic glands. In the 
blood vessels they have been found in the endothelium and occasionally 
free in the blood, or engulfed by leucocytes. This fact is specially useful in 
diagnosis when thick dehasmoglobinized blood-films are stained by Ziehl- 
Neelsen stain. Bacilli are also abundant in the purulent and mucoid 
discharges from the nose, as well as from ulcerating lepromata. Very 
rarely have they been found in the spinal cord or lungs. 

CnUimtion of Myco. leproBj though repeatedly attempted, has never been 
really successful. Some investigators, it is true, have obtained growths of 
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acid-fast bacilli (chromogenic and non-chromogenic), or diphtheroids, which 
in some instances have developed acid-fast forms on subculture. Others 
have described branching bacilli, granular and coccoid forms. 

It is probable that all four varieties (diphtheroid, pigmented acid-fast, 
apigmented acid-fast and acid-fast streptothrices) have been more or 
less commonly encountered in leprous tissue in various parts of the world. 
^Mien some of these cultures are injected, transient granulcjinatous lesions 
have been obtained, but there is general agreement that they do not 
constitute true leprotic lesions. 

Inoculation of animals with human leprous material containing 
prodigious numbers of organisms does not give rise to typical progressive 
leprous lesions. Adler (1937) succeeded, to a hmited extent, in commimi- 
cating leprosy to young splenectomized Syrian hamsters (Cricehis aurahis), 
A fragment of lepra nodule was inserted imder the skin and, when the 
animal was later killed, leprosy bacilli were demonstrated in the liver, and 
(in other animals) in neighbouring enlarged and caseating glands, but he 
failed entirely to carry on the disease by subinoculation in a continuous 
series of hamsters. Similar results have been obtained by Burnet. Subse- 
quently Dhannendra and Lowe in India, in a series of carefully planned 
experiments on the same animals, by implantation into the abdominal wall 
and intraperitoneal inoculation, failed to produce generalized or progressive 
infection. When the nodule was implanted into the abdominal wall, 
masses of bacilli were found at the site of the implant, but not beyond, 
and bacilli were found elsewhere in two animals only. The fact seems to 
be that lepra bacilli can survive for long periods in inoculated animals, 
even dead bacilli may evoke local reactions and produce pathological 
appearances similar to those produced by living organisms. Araujo in 
Brazil appears to have had experiences similar to those of Adler and to 
have found the organisms in the European hamster (Crketus cricetus) in 
great profusion. CoUier (1940) implanted lepromatous material beneath 
the skm of monkeys fed on a diet of Colocasia (Yam) over a long period. It 
is claimed that some developed symptoms reminiscent of leprosy in man 
and that acid-fast bacilli were obtained from material procured from the 
ears of these animals. Cochrane, Menon and Pandit , on repeated injections 
of splenectomized monkeys with human leprosy material, found that they 
developed strongly positive lepromin reactions, Cochrane considers that 
ill. leprcB cannot parasitize the reticulo-endothehal system, unless it 
multiplies in the corium of the skin. Hanks attempted to cultivate 
leprosy bacilli in small cubes of leprous tissue placed in various fluid and 
soHd culture media, as well as by injection of leprosy material into chick 
embryos and chick tissue cultures. No evidence of proliferation of the 
bacilh was obtained. 

Eat leprosy, — A leprotic disease of the rat, which occurs naturally 
throughout the world, was first observed by Stefansky in Odessa in 1903. 
Two types are recognized: disease of skin and muscle and disease of 
lymphatic glands. La tropical rats it occurs commonly and has been 
specially studied by Lampe and de Moor in Java. House rats are usually 
affected, especially B, rattus concolor and B. decumamis. Infection in 
these animals is conveyed by injury and by cannibalism. Laidlaw 
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succeeded iii transmitting this disease to the Syrian hamster, and it can 
also be conveyed to rats of tlie same species, infection taking place readily 
through skin abrasions and subcutaneous inoculation. The bacillus is 
Mycobacterium leprcE mumm, morphologically indistinguishable from 
Myco. leprce, whilst the lesions resemble those of human leprosy, macro- 
scopically as well as histologically. Attempts at cultivation have shown 
much the same negative results as in human Myco. leprce. 

Pielding has demonstrated numbers of bacilli in the urine and fjeces of 
rats, and has proved that ancylostome larvae can take up these organisms 
from the faeces and introduce them into the skin. Repeated inunction of 
the healthy skin will, moreover, produce infection. 

In spite of the general similarity of human and rat leprosy, it is generally 
agreed that the organisms represent two separate and distinct species and 
there does not seem to be any connection between this disease of the rat 
and human leprosy. 

Pathology. — Spread of leprosy through the body. — Myco. leprm enters the 
skin, either by direct inoculation, or by spread from another focus, 
possibly carried by wandering cells. Passing through the capillary walls, 
the bacilli lie in the perivascular lymphatics or are ingested by endothelial 
cells and histiocytes. The process is difficult to follow in the case of 
macules with scanty bacilli, which spread centrifugally. The bacilli pass 
from the cutis to the main nerve trunks by the lymphatic channels and are 
found lying singly or in groups between the nerve fibres. Metastatic 
spread through the bloodstream and auto-inoculation through abrasions 
also occur. Bacilli have been found in the coriuin of the skin over almost 
the whole body. It was formerly supposed that they were absent from the 
soles of the feet and palms of the hands, but this is incorrect ; macro- 
scopically, the lesions are inconspicuous in these situations owing to 
cornification of the skin. • 

In advanced lepers the mucous membrane of the nose, mouth and 
pharynx are affected, and the eye frequently, both superficially and 
deep. The lungs, even in the most advanced stages, escape to a great 
extent. The liver is usually invaded, and bacilli are found in the inter- 
lobular connective tissue and around the central veins. The interstitial 
Kupffer cells are swollen with bacilli, which, however, do not penetrate 
the parenchyma cells. 

In acute advanced cases the spleen is often involved, especially in the 
arterial sheaths and the Malpighian bodies. The glands at the hilum are 
frequently infiltrated. Small numbers of bacilli have been demonstrated 
in the oesophagus, stomach and intestine, with involvement of corre- 
sponding lymph glands. Absence of intestinal ulceration, as a rule, 
characterizes leprosy.' In nodular leprosy the bacilli may be present in 
the glomerulus of the kidney, when they may cause hyaline degeneration 
and interstitial nephritis, which is quite common in leprosy. 

In a large proportion of cases of nodular leprosy of prolonged duration 
amyloid or lardaceous disease of the alimentary canal,' liver, spleen and 
kidneys ensues. Taylor (1945) has shown that relatively benign leprous 
infiltration of the submucosa of the gastro-intestinal tract may take place. 
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In lepra reactions this infiltration may undergo necrosis producing ulcera- 
tion, as in Reisner’s case {1S96J. 

The suprarenals are attacked in all cases in which the liver and spleen 
are affected. The testicles are to a great extent destroyed in all nodular 
cases by inter- and intra-tubular invasion. 

Leprous affection of lymphatic glands is histologically obvious. The 
glands are swollen, but without alteration of form. On section, the 
ampullae and medullary cords are yellow, or yellowish-browm, which renders 
them unmistakable. The inguinal glands are especially affected and the 



Fig. 83. — Egyptian child, aged 11, showing acute early nodular leprosy. 
[Dr. H. K. Giffen.) 


lower members of the group may be as large as pigeon's eggs. Micro- 
scopically, the ampullae and trabecula} are filled with glohi : evidently lymph 
cells which have become fidled with bacilli. The circulation through the 
glands is not arrested ; nevertheless, they retain their infectious products. 
Suppurating lymph glands are not infrequently found in skin leprosy, 
especially in the groin and neck. On the other hand, especially in the 
Pacific Islands, these glands may be tuberculous, or may even contain 
both leprosy and tubercle bacilli. 

Didribution of bacilli in skin and nerves . — In the skin the leprosy bacilli 
may be destroyed by the tissues of the body ; they may be latent, or they 
may multiply and spread. The vessels of the corium are arranged in two 
plexuses : the superficial, or subpapillary, and the deep or subcutaneous. 
These communicate through vessels adjacent to the hair-follicles and 


572 


LEPROSY 


sweat glands. The subpapillary plexus supplies branches to the papillse ; 
the deep communicates with arterial and venous vessels lying in the sub- 
cutaneous tissues. Nerve-plexuses correspond to those of the vascular 
system. 

The spread of leprous infection in the corium takes place in the lymphatic 
channels. In some lesions the superficial plexus and its papillary branches 
are involved : in others the whole thickness of the corium. In others again, 
spread is primarily along the deep plexus, invasion of the superficial layers 
taking place along the hair follicles, resulting in the pebbly appearance 
of some tuberculoid leprosies. 



Fig. 84.— Nodular leprosy in an Egyptian. 

{Photo, Dr. E. K. Gijfen.) 

The central nervous system is seldom the site of leprous lesions. When 
secondary degeneration of the spinal tracts takes place it is due to extreme 
destruction of peripheral nerves, but the spinal and Gasserian ganglia have 
been found to contain bacilli. Septic abscesses of the larger nerve trunks, 
especially the ulnar, are sometimes found. 

Wherever leprotic infection advances there is a general or local reaction 
on the part of the tissues to arrest the invasion, ha the lepromatous 
type this reaction is generally limited, hut in the neural it may be pro- 
nounced, and the leprotic process may remain for years confined to a 
single lesion. 

Pathology of lefromafo^LS [nodular) lesions. — ^Young lepromata present a 
smooth, white, glistening appearance on section, but the older appear 
browner. The specific lesions of leprosy differ from those of tuberculosis, 
inasmuch as they are well supplied with blood vessels, and never undergo 
caseation. The earliest recognizable lesions are generally multiple, the 
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result of bacillary metastasis from some unknown reserv’oir. The more 
acute the process, the more numerous the foci. Lesions are classifiable as 
nodules, papules, macules and diffuse infiltration. 

Nodules, round elevations of skin of limited size, may be temporary or 
permanent, soft vascular or fibrous. The nodule is probably formed at the 
site of a bacillary embolus, either in normal skin or in a portion already 
infiltrated with leproma. (Figs. 83, 84.) 

Papules are smaller than nodules, not larger than a split pea. 

Macules are roughly circular or elliptical patches of discoloured skin, 
and are found in both the main types of the disease. 

Diffuse infiltration of the skin is often noted without the appearance of 
nodules or macules. It is due to infection of the skin at numerous points 
accompanied by cellular infiltration, but response to the invading bacilli 
is insufficient to produce clinically noticeable signs. In resolving lesions 
the skin may assume a thin atrophic appearance resembling crushed 
parchment. 

The essential cell in defence against leprosy is the macrophage 
(histiocyte). 

There seems to be an allergic element in tissue response in leprosy. 
The early reaction to Upromin is probably allergic, but it is not clear 
that the late, true reaction is the same. The lepromin test is usually 
negative in lepromatous cases, positive in tuberculoid and nervous cases, 
and usually positive in child contacts, especially in the later years of 
childhood. 

When the resistance of the indindual is high, characteristic histolo^cal 
changes are : concentration of round cells, especially round hair follicles 
and vessels and development of the “ tuberculoid focus,” similar to 
tuberculosis. The essentials in the histology of the skin in resistant or 
neural leprosy are : localization of the process in the skin, the foci being 
chiefly perifollicular and perivascular ; formation of epithelioid and giant 
cells ; invasion of the subcutaneous nerves. 

The histopathology of the nerve lesion corresponds to that of the skin. 
In advanced lepromata bacilli and lepra cells are more abundant and there 
is formation of fine fibrous tissue in the endoneurium which may later 
contract and block the nerve-fibres. In the neural type bacilli are few, 
though it is easier to find them in nerves than in the skin. The cellular 
reaction also tends to be more intense, so that epithelioid and giant cells 
are present in greater or lesser numbers surrounded by small round cells. 
Thickened nerve trunks may become enclosed in a dense fibrous sheath 
which may later cause constriction. 

In the non-resistant case the essential cell is the macrophage but, as the 
bacilli multiply, so no attempt is made to localize infection, owing to 
the relatively lowered resistance of the tissues. The bacilli multiply 
rapidly, the macrophages become active and phagocytose the bacilli. 
These are the “ lepra cells ” which are unifornoly distributed beneath the 
epidermis {see Fig. 82, p. 568). 

In lepromatous leprosy there is no centralization of “ lepra cells ” in the 
granuloma ; nerves in the cutis stand out and do not appear to be invaded. 
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As this process continues, the invasion of the cutis becomes more intense, 
and all the sldn elements become involved and eventually unrecognizable^ 
so that the epidermis becomes flattened, and the whole subcutaneous 
tissue, including the subcutaneous fat, is invaded by the granuloma. 
The lepra cells now appear to give up the attempt at phagocytosing 
the bacilli and undergo a curious foamy degeneration (foamy cell of 
Virchow). There is marked absence of gross invasion by lymphocytes. 
Owing to the ease with which the bacilli multiply they are carried by the 
Ijrmphatics throughout the body and there is general dissemination and 
multiplication, especially in the reticulo-endothelial system (Fig. 85). 



Fig. 85. — ^Early lepromatous lesion, showing diffuse infiltration of sub- 
papillary, and dense infiltration of sub-epidermal layers. 

Pathology oj tuberculoid lesions , — The epithelioid cell is distinctive of the 
tuberculoid lesion, not only in the skin, but also in the nerves ; it seldom, if 
ever, contains lepra bacilli. Indeed, it is usually difficult, or quite impos- 
sible, to find bacilli in this type of lesion. The so-called “ giant cell of Lang- 
hans ” is another characteristic, and occasionally a few bacilli are found in 
connection with it. This cell may be of considerable size and is found 
in sldn and nerve tissue surrounded by numbers of small lymphocytes. In 
typical tuberculoids the cellular elements are arranged in dense cords, 
which m section resemble tubercles (Fig. 86). 

The activity of lesions is indicated by abundance of typical epithelioid 
cells, and in major tuberculoid the inflammatory process may be so acute 
th^t necrosis and ulceration of the skin take place. 

" Immunity. — Contrary to the popular hehef, there seems little doubt that 
t^ere is a natural immunity to infection which varies in degree in different 
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individuals. Susceptibility to infection may depend upon general health, 
because it is certain that debihty from any cause lowers resistance to 
leprosy. Varying individual resistance is also exemplified by the type of 
the disease. The nerve type, with tuberculoid lesions and few bacilli, 
indicates a comparatively high resistance, and the multibaeillary lepro- 
matous form a comparatively low resistance. In the former, Mitsuda’s 
skm (lepromin) test is usually strongly positive ; in the latter negative. 



Fig. 86. — Early lepromatous lesion, showing large foamy cell (A) in the 
deeper tissues and a leprotic giant cell (B). The main cells are 
epithelioid in type. [After Cochrane.) 


The suggestion has been made that this test may be employed in non- 
leprous subjects as an index to resistance to leprosy. Applying it to non- 
leprous children of leper parents, Eotberg found that positives increased 
with increasing age, reaching the maximum of 50 per cent, at the age of 
ten. This is taken to indicate that resistance is low in young children, but 
increases with age, but there is no evidence, as in tuberculosis, that resist- 
ance may be ultimately broken down by massive or repeated infections, 
whilst slight infective doses tend to raise resistance. Another indication 
of resistance is the abortive case, when slight, though definite, lesions 
appear and disappear without apparent cause. About the inheritance of 
acquired immunity there is still little clear knowledge. 

In Burma leprosy is of a much more severe typo in native Burmese than 
in Indians hving in that country. Some authorities have claimed that 
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racial immunity is the result of prolonged and intimate contact with 
leprosy at some remote period of history and its disappearance as an 
endemic disease has been explained on this basis, but there is really little 
evidence to support this. It is more natural to explain the persistence of 
endemic leprosy in certain European countries, and its disappearance 
from others, on the basis of improved sanitation and hygiene than on 
racial immunity. 

Localized immunity is observed in active lesions, especially those of the 
tuberculoid type. In the annular form of eruption the active inflammation 
spreads at the margins while the disease dies down at the centre, leaving 
only a slight discolouration, or perhaps a mild sensory impairment; or, 
again, a major tuberculoid lesion may flare up and die down again, leaving 
o^y a slight visible scar to indicate its former site. 

Probably the majority of humans are non-susceptible to leprosy save 
during the critical years of childhood and adolescence. Even when infec- 
tion does take place there is a natural tendency to recover, so that the possi- 
bility of arrest in the initial stages has only been realized in recent years. 
Cochrane has shown that in children more than 50 per cent, of all neural 
lesions show improvement over a' period of three years ; possibly this 
is related to the lepromin reaction, as the great majority give a positive 
result. 

Glinical features. — Primary infection . — The early manifestations of 
leprosy may be vague and indefinite, such as malaise, weariness and mental 
depression. The probability is that bacilli reach the corium of the skin, 
or mucosa of the nose, mouth or pharynx, through some breach of the 
epithelium. It is difficult to be certain whether the primary lesion is the 
initial one, or some metastatic manifestation but, when several appear on 
widely-separated parts of the body at the same time, they naturally 
represent secondary lesions derived from some primary focus. Rogers 
stressed the following points as worthy of notice: in hilly and stony 
districts in India the primary lesions are most commonly observed on the 
feet. The first lesions on the body are scattered most densely on the 
extensor surfaces, especially on those parts exposed to pressure when 
lying down, such as the cheeks, outer surfaces of the shoulders, arms, 
buttocks and outer surfaces of the thigh. The flexor surfaces, on the other 
hand, are remarkably exempt. The affected parts are just those most 
exposed to insect bites and to the excoriation by the nails in attempt to 
allay irritation. 

The fact that leprosy is more prevalent in hot, moist climates may to 
some extent be explained by the greater softness and moisture of the skin 
and the frequency of prickly heat. In cold climates, when the body is 
protected by clothes, it appears that a larger proportion are ^ inoculated 
through the nasal mucosa. The face around the nose is a frequent site 
of Zepndes which are devoid of lepra bacilli ; the nasal mucosa is frequently 
involved and is probably the immediate site from which the leprides arise. 

Inoiiliciiion j^eriod . — This is undoubtedly very variable and may be very 
pj^longed : as long as 6 to 8 years. In South Africa the average period 
^^^odular cases is about 2 years though it would be fair to state that the 
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general average is 3i years, the extremes lying between 5| months and 
4 years. It may well be that very long incubation periods may represent 
long latent periods after infection and before outward visible signs become 
apparent. Early discoloured anaesthetic patches may be overlooked for 
years. 

In children of lepers living wth their parents in the Culion Island colony 
in the Philippines it was observ^ed that the disease developed in 22 children 
within 4 months to 4 years from the time of their removal from the source 
of infection. Certainly in one ease it took place during the first year of 
Hfe. jMuir has recorded a case in a three months’ old child. There 
appears to be direct relationship between closeness of contact with the 
diseased and the early development of symptoms. The length of incubation 
is considerably affected by the general he^th and habits of the patient, as 
well as by the climate. The first signs of leprosy may appear during the 
course of some other disease, such as dysentery, enteric fever, malaria or 
influenza. 

As compared with tuberculosis, one of the chief characteristics of leprosy 
is the absence of toxicity ; enormous numbers of bacilli may be present 
in the body with few signs. The local inflammatory reactions to lepra 
bacilh vary within wide limits. Thus, in one patient the disease is so 
localized that it affects one small skin area or the main ner^'e supply. 
There may be acute inflammatory s’welling, local pain, trophic, sensory 
and other disturbances. Bacilli can be demonstrated with great difficulty. 
In contrast, a second case may show involvement almost of the whole 
body, so that a preparation taken from any part of the skin may reveal 
numerous bacilli, though the patient is not acutely iU and is able to be 
about and do his work. The nerves are not noticeably thickened, and 
superficially the skin appears normal. At any stage during invasion 
sudden exanthematous reactions may appear, accompanied by fever and 
general symptoms. 

The chronic onset is so gradual and insidious that the disease has advanced 
to a considerable extent before any abnormality is evident. There may be 
tenderness, tingling or thickening of a nerve, an area of anaesthesia, perhaps 
with some change in the appearance of the skin, insensitiveness to burning, 
formication, tingling or numbness of extremities. Discoloured skin patches 
may be mistaken for eczema or ringworm ; these may at first be small, 
gradually increasing in size. 

In the acute onset there are occasionally multiple lesions with less diffused 
margins, which tend to spread rapidly and which contain very numerous 
bacilli- The first noticeable sign may be an evanescent rash. The onset 
may be determined by some other acute disease, such as malaria or typhoid, 
which lowers the resistance. It may also be the sequel to chronic infection, 
such as syphilis, ancylostomiasis or chronic disease of the gastro-intestinal 
tract. The period of life may also have some bearing, e.g. extra strain 
imposed on the body during puberty, parturition and menopause. 

Glassification of leprosy.^ Clinical types , — The somewhat complex 
classification adopted by the Cairo Congress in 1988 has been modified 


1 The reader should consult the Mamuxl oj Leproiy, by B. Muir (1948). 
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and simplified by that of Eio de Janeiro in 1946 on the basis of the actual 
degree of resistance of the tissues to the leprosy bacillus. Low resistance 
produces the definite histological picture of the leproma which appears in 
all tissues. High resistance produces a different picture known as tuber- 
culoid. The first is the result of absence of tissue reaction ; the second 
that of effective reaction, but there is a pre-lepromatous and a pre- 
tuberculoid incubation period in which the reaction to the bacilli is slight. 
The affected tissues during this period show changes which do not indicate 
the type which may eventually evolve and this form is known as 
Uncharacteristic. The main types are, therefore, Lepromatous, Tuberculoid 
and Uncharacteristic. 

The following is the clinical sub-classification : — 

Type Sub-groups 

Leproniatous . . . Macular. 

Infiltrative (diffuse). 

Nodular. 

Neural. 

Generalized. 

Uncharacteristic . . , Macular. 

Neural. 

Neuro-macular. 

Tuberculoid .... Macular. 

Papular. 

Neural. 

Maculo-neural. 

Reactionary. 

Lepromatous type. — This is the severe type. Owing to the low resistance 
of the patient the tissues form a fertile soil, so that the disease may advance 
l)efore it is recognized. When reaction takes place widespread skin lesions 
appear. When once established lepromatous leprosy may be divided into 
four stages : — 

(a) Macular, the^ lesions of which may be circular or elliptic, showing 

pink in a light skin, pale or coppery in a dark, with slight loss of 
sensation. 

(b) Diffuse or infiltrative. The macules join together to form larger 

areas of diffuse infiltration. 

(c) Nodular. There is a tendency for irregular thickenings to protrude 

in the form of nodules or localized broader patches on the fore- 
arms, legs, face and ears, producing leontiasis of the face. 

(d) Ulceration or resolution may accompany acute exacerbations. 

Sometimes resolution takes place without ulceration. 

The typical cell reaction of this type is a lepra cell with vacuolated 
appearance or the foamy cell (Pig. 86). 

^ Bacillsemia is common in advanced cases, especially during exacerba- 
tions. The lepra reaction (p. 580) is common in the lepromatous form. 

Tuberculoid type. — This is the mild type of leprosy. Sometimes there 
is only one lesion and that may occur on what was the site of inoculation. 
Tire term tuberculoid ” is used on account of the histological resemblance 
of this type to chronic lesions in tuberculosis. 
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The clinical course depends upon the degree of resistance. Some lesions 
are actually abortive. There are also leprides. The characteristic clinical 
feature is the “ tubercle ” about the size of a pin’s head slightly raised 
above the surface of the skin and generally darker in colour. The t^^ical 
lepride consists of three zones, a tessellated margin of tubercles, an inter- 
mediate hyperchromic area of coalesced tubercles and a flattened atrophic 
centre paler than the normal skin. Some leprides have them ; others 
have broader red margins. Mucous membranes are little affected. 

Tuberculoid skin lesions present sensory changes in tactile pain and 
thermal sensation : there is deformity or loss of hair, drjmess of skin 
and suppression of sweat. Nerve lesions are much more marked. In 
typical cases in the histological picture the epithelioid cell takes the place 
of the lepra ceU and bacilH may be absent or inconspicuous. In general 
the “ lepra ” reaction is much less severe in the tuberculoid type. 

The Uncharacteristic type. — This includes many cases which cannot be 
placed under the above-mentioned types. The early cases may show one 
or more patches on the skin, the margin of which is not raised or clear 
cut. Tissue reaction is slight. 

Polyn-euritic lesions. — Involvement of peripheral nerve trunks produces 
sensory changes in the extremities, which commence distally and spread 
in a proximal direction. They result in trophic changes, such as anhidrosis, 
glossy skin, keratosis, perforating ulcers, atrophy, necrosis of bones and 
mutilations of the extremities. 

Lesions oj peripheral nerves. — Thickening of nerve trunks is common. 
The ulnar nerve is commonly affected at the elbow, and the radial at the 
wrist. The auricular and the superficial peroneal (at the ankle) nerc^es 
can often be distinguished as cords under the skin, as well as the medial 
cutaneous and the crural branch of the internal popliteal in the calf. 
Thickening of the branches is generally correlated with leprides. 

Leprous nerve abscess is not uncommon in India associated with the 
neural type, or with injury. It occurs in superficial nerves — ^usually 
the ulnar, median cutaneous of forearm, great auricular or crural. 
The abscess is usually central and spindle-shaped and contains pus 
similar to that of glandular tuberculosis. Lepra bacilli may be present. 

Anidrosis, preceded by hyperhidrosis, may be one of the first noticeable 
signs. 

HypopigmentcUion, usually noticed in highly pigmented skins is not 
usually complete, as in leucoderma, but partial. 

HypercesOiesia, with an area of the lesion tender to touch and painful 
stimuli, precedes ansBsthesia. 

Ancestihesia. At first it consists of loss of epicritic and then of protopathic 
sensibility. 

Parakeratosis is recognized clinically by changes in the homy layer of the 
skin which becomes shiny and scaly. 

Hyperkeratosis is best seen on the palms of the hands, or soles of the 
feet, and in the latter situation perforating ulcers usually form. 

Hair and nails. — The hair follicles are affected ; the hairs become soft 
and thick, breaking off at their point of emergence. The broken end 
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becomes club-shaped, but growth continues inside. Similar changes take 
place in the nails, which become thickened and curved and claw-shaped. 

Vascular changes produce congestion and erythema, usually surrounding 
the margins of the lesion. 

Eesistance is the determining factor whether the type becomes .tuber- 
culoid or lepromatous ; the latter invariably sho^vs greater concentration 
of bacilli in both nerves and skin. The lepromatous lesions are in the 
main symmetrical, Leprides and anaesthetic patches of the neural type 
are less so. ^^Tien they cover large areas it is the result of gradually 
extending lesions from comparatively small foci. 

The “ lejpra ” reaction is acute in onset and course, accompanied by 
severe, febrile constitutional symptoms when all the lesions suddenly 
become sw^ollen and inflamed. It seldom occurs before the infection has 
become generalized and fairly far advanced. At the same time fresh 
nodules or macules, surrounded by oedema, appear, and cutaneous or 
subcutaneous nodules become pustular, break down and discharge pus full 
of Myco. lepros, many of w^hich are diphtheroid in shape and staining 
reactions. As the reaction subsides, the lesions remain covered wdth 
desquamating epithelium. This reaction may last a few days, or may be 
prolonged for weeks or months. It may remain confined to the face or 
extend to the whole of the body. The factors which determine its onset 
are not so easily ascertained. 

Intercurrent disease, such as malaria, may light up the lepra reaction 
and, moreover, in the lepromatous form, small doses of potassium iodide 
may produce a similar condition, but these symptoms usually rapidly fade 
with elimination of the drug from the body. In India there seems to be a 
predisposition to the lepra reaction, which is much less common in Central 
Africa. In the neural type the reaction differs, as the tuberculoid form 
of lesion is more limited, so the febrile and toxic symptoms are less 
severe. 

In both the main forms of leprosy the reaction represents an attempt 
to destroy the causative bacilli. In the minor tuberculoid form this is 
often successful w^hen bacilli are scanty, but in the major tuberculoid, 
where they are more numerous, it is not. In the lepromatous form the 
reaction is less severe when there are masses of bacilli to be destroyed and 
so, as the result of toxic absorption, the patient's resistance is reduced and 
the lesions become even more widespread than before. 

The process spreads to the nerve- trunks and ramifications. The ner^^es 
become swollen, congested and tender, and there are neuralgic pains. 
Blisters and bullae may be formed, with ultimate sloughing, which may 
even proceed to bone necrosis. Perforating ulcers in the feet are frequently 
the result of nerve reaction in the lower limbs. Herpes zoster may accom- 
pany involvement of the intercostal nerves. Minor reactions cause only 
minor inflammatory swellings of the lesions and the appearance of new 
ones. Eyrie has found that the onset of the lepra reaction is heralded by 
hyperalgesia of the soles of the feet. 

Distribution of leprous lesions. — Those parts €jf the body most 
exposed appear to suffer early. In Europeans these are the hands and face. 
In natives exposed to injury the feet are most liable. 
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Head and neck . — The ears are more constautly affected than any other 
part, and in a suspected case it is always as well to look first at the auricles, 
where any thickening of the lobule may he readily detected by palpation 
with finger and thumb. Nodular lesions are seldom seen on the palms of 
the hands or soles of the feet and are exceptional on the penis and scrotum. 
The scalp was formerly said to be seldom affected ; this is partly due to its 
anatomical structure, and partly to the fact that it is hidden by hair, but, as 
a matter of fact, leprous alopecia is by no means uncommon. In the neck 
the cutaneous branches of the nerves are early involved, especially the 
great auricular, which may stand out on the skin and be quite conspicuous. 
Palpation of this nerve may be a great help in early diagnosis. 

Initial lesions of all types are common on the face, especially on the 
forehead. There is often loss of hair (madarosis) of the eyebrow, especially 
the outer part, and of eyelashes, even in the early stage of the disease. 
Lesions of the nasal mucosa are often present, though they may pass 
unnoticed unless specially sought. They may cause nasal catarrh and 
often intermittent epistaxis. There may be merely a diffuse erythema, or 
erythematous patches, or general infiltration leading to corrugation of the 
skin. Nodular eruptions appear on the eyebrows, leading to leontiasis, 
and there is often a characteristic thickening of the nose. In the neural 
form anaesthetic patches appear, together with paresis or paralysis of 
groups of muscles, which create a peculiar mask-like expression (Fig. 87). 
\\lien the orbicularis palpebrarum is affected the results are serious, as 
failure to close the eyes permits trauma of the cornea. Paresis of the 
sphincter muscles of the mouth leads to dribbling. The senses of taste and 
smell may either be much diminished or lost entirely. Pressure on the 
facial nerve frequently causes intractable facial paralysis. 

Lesions oj the eyeball may be divided into two categories : those due to 
the presence of Myco, leprce in the eye, or those due to interference with 
the nerve supply. In the neural type there are no actual leprous lesions, 
but the seventh cranial nerve is frequently involved giving rise to lagoph- 
thalmos from myoatrophy of the orbicularis. The eye complications are 
then due to exposure and trauma. In the tuberculoid type the eyes are not 
involved, except when the lesions are situated around them when madarosis 
(loss of eyebrow and eyelash hairs) and conjunctival congestion result. 

When Myeo. leprce is present in the eye, lesions are caused by spread 
either along the lymphatics or bloodstream, and ihjco. lepm has been 
found in the conjunctival secretion and in scrapings from the conjunctiva 
in clinically healthy eyes. Early ocular involvement can only be diagnosed 
by examination of the eye with the slit lamp and comeal microscope. 
Leprous nodules are never found on the conjunctiva, but it is infected by 
spread from the surrounding tissues. The disease may attack the cornea, 
which is the most vulnerable tissue ; then a ground-glass pannus spreads 
inwards over the pupil from the corneal margin and may considerably 
interfere with vision. Leprotic nodules of the cornea are by no means 
uncommon and, when deeper, may bulge into the anterior chamber. The 
infiltration destroys Bowman’s membrane and produces a sclerosing keratitis 
and even an anterior staphyloma. Interstitial keratitis is a degenerative 
circular keratitis extending round the entire corneal circumference. Again, 
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leprotic infiltration may spread from the sclera along the anterior ciliary 
vessels, setting up iridocyclitis. All the grave manifestations of irido- 
cyclitis may be observed — posterior synechiae with seclusion and occlusion 
of the pupil, secondary glaucoma, vitreous and lens opacities, hypotension, 
retinal detachment and atrophy of the eyeballs. In all varieties of irido- 
cychtis atrophy of the iris is present. The whole tissue becomes grey and 
dull, the crypts disappear, the blood vessels become visible and finally 



Fig. 87. — Leprotic infiltration causing paresis of facial muscles and 
paralysis of orbicularis palpebrarum. 


holes make their appearance. When there are nodules of the iris the eye 
is doomed. In the posterior segment of the eye choroiditis has been 
observed occasionally before the anterior segment has been involved. 
Involvement of the optic nerves has been found an early and only sign of 
ocular leprosy (Kirwan). In Rogers’s experience in India, from 5-10 per 
cent, of lepromatous cases develop disease of the eye or its adnexa. 
Madarosis occurs in lepromatous and also in the tuberculoid 
form, but not in the pure neural type, and it has been asserted that there 
is close correlation between the degree of madarosis and the gravity of the 
eye lesions. Lepromata occur on the margin and other parts of the 
upper eyelid, but are never found in the lower. 
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In neural cases the eye is often involved. Lagophthalmos gives a 
pathognomonic expression to the eye and is due to progressive myopathy 
of the orbicularis oculi which may be uni- or bilateral and is generally 
preceded by twitching of the eyelids. The palpebral fissure becomes wider 
in proportion to the progressive weakness of the orbicularis oculi. 
Anaesthesia of the cornea and the deposition of fibrous laminae, together 
with paralysis of the palpebral muscles, abolish the corneal reflex and 
prevent normal closing of the eye by day or night, so that progressive 
ulceration of the cornea takes place, and general panophthalmitis may 
occur. Ectropion leads to eversion of the punctum lachrymale and 
discharge of tears, with eventual destruction of the lacrymal sac. The 
Claude-Bemard-Homer syndrome is characterized by ptosis, enophthalmos, 
myosis and varied pigmentation of iris (heterochromia), unilateral anidroses 
and low^ered ocular tension. Pinching of the skin of the neck fails to cause 
dilatation of the pupil. The eye symptoms are not affected by instillation 
of cocaine. 

The nose , — The habit of “ picking ” the nose, especially in children, 
probably plays a part in lesions of the mucosa, and those parts of the nasal 
septum and inferior turbinates within reach of the fingers are most com 
monly affected. All degrees and types of infection which occur in the 
skin are foimd in the nasal mucosa ; nodules may be present on the 
turbinates, ulcers and sears on the septum. Perforation of the septum 
and deformity of the nose may result. When there is ulceration, the 
discharge contains large numbers of Myco. leprce, so that these cases con- 
stitute a serious source of infection to others. 

Mouthj pharynx and air passages , — ^Lesions of the lips are sometimes 
found as an extension from the face. Nodules appear at the outer margins 
of the lips, and fibrous constriction may cause partial stenosis. Nodules 
of the tongue are seen in advanced cases. The palate may be affected by 
diffuse or nodular lesions. Perforation of the palate may occur in the 
absence of syphilis. The larynx is not primarily affected, but may be 
involved by extension ; the onset is usually insidious. In some lepromatous 
leprosy the soft palate, uvula and ary-epiglottic folds are swollen and 
indurated ; tubercles of various sizes may appear. Later there is ulcera- 
tion ; constriction of the glottis may necessitate tracheotomy. Fibrous 
constriction is the cause of the hard whispering voice of the confirmed leper, 
giving rise to the brassy leprous cough. In primary nerve leprosy the 
throat is seldom affected. Lesions of the pharynx and tongue are 
exaggerated during the reactionary phase. 

Upper extreniiies . — ^Primary lesions are not uncommon ; in those who wear 
European dress they tend to be limited to the hands. The flexor surfaces 
tend to be much less affected than the extensor, possibly because they 
are more liable to injury. 

Skin and nails , — ^The nails are not usually affected in the early stages. 
In the lepromatous type the most marked changes occur when there is 
deep infiltration of the skin of the fingers. The nail becomes attenuated 
and there is longitudinal ridging of the nail-bed. In the nutritional 
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lesions of the neural type the nail is thickened and tends to split trans- 
versely. Trophic blebs and blisters on the hands are frequently the 
result'of burns and bruises to which the anaesthesia exposes them. 

Muscles . — Muscular atrophies are most conspicuous in neural types, 
chiefly from involvement of the ulnar nerve. Thus, the intrinsic muscles 
of the hands are affected, with flattening of the thenar and hypothenar 



Fig. 88.— Nerve leprosy : main-en-griffe. [Dr, H. K. Oiffen.) 


eminences so characteristic of ulnar palsy. The characteristic maiu’en- 
grijje is a later development, with hyperextension of the metacarpo- 
phalangeal and flexion of the interphalangeal joints. The whole deformed 
hand becomes rigid, as if carved out of wood. Finally, with overgrowth 
of the nails and progressive osteoporotic changes in the phalanges, it 
becomes the typical leprous claw hand, like some deformed vulture’s 
talon. Wrist drop may develop, chiefliy from disuse ; as the bones shorten, 
a claw-like nail may often be implanted into a metacarpal. There is 
seldom any affection of the upper arm (Fig. 88). 

Bones . — Decalcification and osteoporosis of the bones accompany the 
neural form. The phalanges become atrophied, and may actually become 
absorbed without sepsis or open wound. The metacarpals are less often 
affected. The process is often complicated by sepsis, and consequently 
necrosis of bone (Fig. 89) . 

hym^ligUmds . — In skin leprosy there may be enlargement of the axillary 
or h^uinal glands. This may be due either to invasion of Myeo. Ujprce or 
septic organisms. 
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Lower extremities , — Initial lesions in natives commonly occur on tlie feet, 
and a patient may suffer from the more chronic types without noticing 
much amiss. Often the first sign noted is a bleb or blister. The super- 
ficial peroneal nerve, as it passes round the head of the fibula, is specially 
affected and is felt as a thickened and palpable cord. Drop-foot result- 
ing from peroneal paralysis is not uncommon. The posterior tibial nerve 
is also frequently in- 
volved. The pretibial 

skin is stretched, shiny 
and hairless; it does not 
sweat but usually be- 
comes excessively dry 
and cracked. In others, 
again, there is elephan- 

toid swelling of the feet \ W 

extending to the knees, 
with depigmented anses- 
thetic ^ patches, homy 

soles of the feet are pain- 

neural cases and are the I i 11 ■ 

direct result of nerve j \ I tf 

involvement. The epi- M If | 

thelium of the sole //■' f 

becomes thickened and ^ , 

inelastic This leads to Fig. 89.— Late effects of nerve-leprosy of 22 years 
inelastic, ims leaas to duration. {Dr, H.K.Giffen.) 

fissunng of the skin and 

the formation of ulcers. The feet become flattened and painful, owing 


—Late effects of nerve-leprosy of 22 years* 
duration. {Dr. H. K. Giffen.) 


the formation of ulcers. The feet become flattened and painful, owing 
to destruction of the musculature of the arch, and the anesthesia may 
permit many injuries. Trophic changes in the muscles and periosteum 
lead to decalcification and absorption of the bone, which may he even 
more extensive in the foot than in the hand. Thus, the astragalus is often 
completely absorbed. Sepsis through cracks and abrasions is a terminal 
event. Nodules on the legs are most frequently found at the sites of injury 
or friction. They are especially common on the internal and external 
malleoli. Lymphangitis in the lower limbs is not uncommon. 

Body and internal organs , — Lesions on the trunk do not differ in any 
essentials from those on the extremities. The middle line is less affected 
as a rule. Lesions on the front of the chest are said to be comparatively 
rare. In nerve leprosy typical herpetic lesions containing Myco, leprcB 
have been reported. Induration and even hypertrophy of the nipples are 
very common in the reactive stage, followed by retraction in the phase of 
resolution. It is said in India that, when the lower abdomen is protected 
by a loin cloth, lesions of the abdomen are confined to the upper half. 

Lesions of lungs have not been recorded. Large quantities of purulent 
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sputum are due to bursting and discharge from nodules in the trachea and 
upper bronchi. Pulmonary tuberculosis not infrequently complicates the 
more severe forms of leprosy. Lepra bacilli are commonly found in spleen 
and liver, but do not seem to give rise to any special symptoms. 

Genital organs.— Testicles are affected in advanced cases. Sterility is 
more common in males than in females, and it is rare for the ovaries to be 
involved. Swelling of the male breast (gyncecomastia) commonly occurs in 
cases in which the testes have been destroyed. (Fig. 90.) The birth-rate 
amongst lepers appears to depend on the fertility of the male. 

Lymphatic glands are enlarged in the vicinity of gross infections of a 
part, especially in the neck, axillae and groin. 

Resolution. — Leprous lesions may resolve spontaneously. Major 
tuberculoids may disappear, with deposition of scar tissue. Minor 
tuberculoids often heal up at the centre, with little change in the texture 
of the skin. In the lepromatous type, nodules which resolve leave flat scars 
like deep bums. 

Incidence. — Leprosy is more common in men and assumes a more 
severe form. In Norway the few remaining cases are chiefly in females 
which is explained by their greater longevity and the milder character of 
their disease. Before the age of puberty children of both sexes are almost 
equally affected. The periods of puberty and childbirth impose a severe 
strain and increase somewhat the incidence in the female. The chief 
factor in the considerable excess of male cases is the greater freedom they 
enjoy. As in tuberculosis, the majority of cases are infected during the 
first two decades, and probably few contract the disease after 40. 

Little is known about the factors of race, susceptibility and resistance. 
Differences which have been observed are probably explicable on climatic, 
social, dietetic and economic grounds, hi India and Africa leprosy is 
especially common and severe in races with mixed European blood. That 
the social condition has a marked influence on the incidence and severity 
of lepmsy is seK-evident. In Norway it was formerly confined to fisher- 
folk living under very primitive conditions, but in India wealthy and 
highly-placed people are quite commonly infected. Rogers is of the 
opinion that in these it is a result of bed-infection. 

Duration.— ^Taen leprosy is acute and febrile it may be fatal within 
two or three years, but in the great majority the course of the disease is 
very slow. 

Diagnosis.— Early diagnosis is of the utmost importance, but many 
factors militate against it. It is, of course, easy to diagnose obvious and 
advanced cases. The ignorance of the patient, his dread of the disease, and 
the fear and superstitions of the general pubhc may hinder prompt recogni- 
tion. The earlier indications are the discoloured patches on the skin, and 
symptoms referable to involvement of the peripheral nerves, such as 
tingling or numbness, formication, or a feeling of woodenness in the limbs. 
In the majority of cases the first lesions noted are depigmented anaesthetic 
patches. Of fundamental importance are impairment of sensation, 
thickening and tenderness of nerves and demonstration of acid-fast bacilli. 

To test sensation, the patient should be stripped and blindfolded. For 
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'Fig. 90- — Leprosy, showing hypertrophied nipples {gj/ncjscomastia). 


testing anesthesia to light touch, a feather should he used ; analgesia is 
tested by pin-prick, nsing an area of normal skin as control. The two-pin 
test is often positive when the feather test is negative. Loss of thermal 
anesthesia is important. Hyperesthesia and paresthesia may precede 
anesthesia to li gh t touch. Tuberculoid lesions are usually more insensitive 

than lepromatous. - j i. 

Thickened nerves may he felt on palpation, and tenderness elicited by 
striking an area sharply with the finger or patellar hammer. The ulnar 
nerve is commonly affected above the elbow : the superficial peroneal at 
the head of the fibula behind the knee ; the radial as it curves round the 
humerus, or its branches as they pass over the lower end of the radius ; 
the posterior tibial below the inner malleolus; the great auricular as it runs 
parallel to the external jugular vein; and the branches of any particular 
nerve supplying a tuberculoid lesion. Examination of a smear for Myco. 
leprce, by cutting down on the epineurium of a nerve, may occasionally be 
necessary. 
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Bacteriological examination. — In tuberculoid macules bacilli are 
difficult to find, and should be sought at the margins. In the lepromatous 
form, where there are no outstanding nodules, the lobule of the ear is the 
site of choice. Lymphatic gland puncture, as well as the examination of 
blister fluid by carbon dioxide snow, may be useful. 

Biopsy of the shin may be made by smears made from a “ snip ” or 
by section. The scraped incision method of Wade consists of pinching- 
up the skin and applying compression to stop bleeding. With a small 
scalpel a cut 5 mm. long is made well into the infiltrated layer. All blood 
should be wiped away and, with the blade transverse to the incision line, 
the side and bottom of the cut should be scraped repeatedly, and the 
material spread on a slide and examined. The selection of the site is 
important, though failure to find bacilli in one smear does not justify a 
negative diagnosis. In all doubtful cases skin sections should be examined. 
Formalin should not be used as a fixative as it interferes with the acid- 
fastness of the bacilli. Zenker’s fluid or alcohol are preferable. 

Examination of the nasal mucosa is as important as that of the skin, 
and frequently a positive result is obtained when the skin is negative. 
A sharp-pointed tenotomy knife is the best instrument, and material 
should be sought in the septum and inferior turbinate. If there is ulcera- 
tion, slight scraping suffices. Otherwise, a small piece of mucous membrane 
should be scraped off. Cotton swabs should not be used, as they frequently 
harbour saprophytic acid-fast organisms which may be mistaken for Myco. 
leprce. The standard Ziehl-Neelsen method should be used for staining. 
De Souza- Araujo utilizes his method of clamping the skin until ischsemic 
and then puncturing it in order to obtain lymph for staining in search of 
leprosy bacilli. A special method is that of Hallberg with NacJithlaUj as 
for tubercle bacilli, which is specially useful for sections of suspected 
skin lesions. 

In the tuberculoid form bacilli are scanty, but then with typical lesions 
and epithehoid and round-cell infiltrations and a few giant ceUs differentia- 
tion from cutaneous tuberculosis is not always easy. No caseation is ever 
visible in leprosy sections. There may be peripheral neuritis with sur- 
rounding round-cell reaction. 

Sternal puncture is often positive and is considered by Lowe to be of 
equal value to skin biopsy. The morphology of the bacilli differs accord- 
ing to the activity of the case. In lepra reaction they appear more granular 
and diphtheroid. Castro’s method (1947), has been found to show more 
bacilli than the ordinary methods, especially when they are few and also 
shows up the appearance of beading. The solutions required are (a) carbol 
fuschsin, (5) 10 per cent, solution of potassium phosphate, (c) hydrochloric 
acid 3 ml., ethyl alcohol (96 per cent.) 97 ml., (d) methylene blue 1 grm. 
With 1,000 ml. add 10 ml. of (a) five drops of (b). Flood the slide with 
stain and steam for 5 mins. Pour the solution off the slide and decolourize 
with (c). Counterstain with (d) for one minute. 

Rubino’s reaction. — The blood sedimentation rate is constantly 
increased in leprosy and, concurrently, the cholesterol content of the 
blood is reduced (Westergren’s method with citrated blood). Rubino has 
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advocated an agglutination-sedimentation test with formolized sheep’s 
corpuscles. The serum is said to contain a specific substance which causes 
rapid agglutination and sedimentation of these corpuscles. It is claimed 
that the reaction is specific and sedimentation is produced in less than 
one hour. 

The lepromin reaction (Mitsuda). — Clinically and histologically it 
resembles the Mantoux reaction in tuberculosis, but it may not become 
apparent for several days (p. 575). Cochrane found the lepromin reaction 
positive in 60 per cent, of neural and 100 per cent, of tuberculoid cases. 
The lepromatous type gives a uniformly negative reading as it is an allergic 
response. Some healthy children give false positive reactions. Possibly 
lepromatous cases will alter from negative to positive after prolonged 
sulphone treatment. 

Technique of the lepromin test. — ^^laterial is obtained by removing large, 
soft, nodules which are boiled in water for 20 minutes and divided into 
fragments with scissors. The epithelium is then removed and the material 
dried for a few hours with an electric fan, then in a vacuum desiccator 
over pure sulphuric acid. The dried material is ground up to a fine powder in a 
glass mortar and stored in a desiccator. In preparing the suspension 0-4 grm. of 
the dried powder is ground up with 10 ml. of saline and the fluid pipetted off, 
a process which is repeated three or four times. Carbolic acid (0*5 ml.) is then 
added and made up with normal saline. The stispension is made up in 1 ml. 
ampoules, sealed and heated at 120° C. for half an hour. Standardization is 
difficult. The active principle is protein of Myco. leprae, Dhannendra and Lowe 
have made a standard antigen fi-om dried and partially defatted leprosy bacilli. 
(The dose is 0*1 ml.) The antigen should be kept in sealed glass ampoules. 

A series of iutradermal tests with full strength lepromin are made in dilutions 
of 1 in 2, 1 in 4, 1 in 8, Stronger suspensions, as a rule, give stronger reactions. A 
standard smear is made and the number of bacilli estimated. The skin on the 
inner aspect of the arm is chosen, the customary dose being 0 *2 ml. The injection 
must be made intradermally ; a slight serous effusion follows it, but disappears 
after a few days. With Dharmendra antigen there is in positive cases an angry 
flush 6-12 mm. in diameter and soon a nodule appears at the site of inoculation 
between the first and third weeks, increasing in size up to a maximum. The 
degree of reaction is read by measuring its size by a sliding calliper. In strong 
reactions there may be slight necrosis. In healthy adults not infected with 
leprosy the nodule is 6-10 mm. but in resistant cases it is much larger. The 
lepromin reaction is of use as a means of testing natural resistance to leprous 
infection, the higher the reading the better the chances of recovery. Readings 
should be registered as — , -f, -f- -f , or +-{-+* 

The iodide test. — ^This test is of value in assessing the infectivity of cases 
when repeated bacteriological examinations of skin and nasal mucosa have given 
negative results. It should only be used, however, when the general health 
is good and when the blood sedimentation tests are wdthin normal limits. A 
single dose of 2 grm, of potassium iodide in a glass of water is given at night. 
This may cause appearance of new cutaneous lesions or efflorescence of old ones, 
pain or tenderness of the nerves, pyrexia and increased sedimentation rate. 
The skin and nasal mucosa should then be examined for Myco. leprce. If any 
reaction occurs, the next dose of potassium iodide should be delayed until it has 
subsided. If not, increasing doses of 4, 6, 8, 12, 16 grm. should be given at 
fourteen-day intervals, always with plenty of water. Should no further reaction 
occur, the leprotic infection may be regarded as arrested. 
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Subsidiary signs.— Anhidrosis, often preceded by hyperhidrosis, is 
characteristic of chronic cases, and is usually present in tuberculoid 
macules. In doubtful cases pilocarpine, 0*2 ml. of 1 in 1,000 solution, is 
injected intradermally in a suspected patch and a similar amount in 
adjacent healthy skin. Both areas are then painted with tincture of 
iodine and, when dry, powdered with starch. The control area sweats, 
turning the starch blue. Absence of sweat at the point of injection 
indicates leprosy. 

A useful diagnostic aid is described by Arnold as the intradermal 
mecholyl test for anhidrosis. The action of mecholyl chloride (almost 
identical with acetylcholine) is similar to that of pilocarpine. Denerv^ation 
of sweat glands by leprous neuritis is the cause of anhidrosis, usually 
affecting the most distal portions of the post-ganglionic nerve fibres. In 
carrying out the test, equal areas of leprous and healthy skin are painted 
with a solution of castor oil, iodine and absolute alcohol. Then O-Oo- 
0*1 ml. aqueous solution of mecholyl chloride are injected intradermally 
at the border of the lesion so as to produce a wheal. The whole area is 
hghtly dusted with pow^dered starch as an atomizer. Within a few 
minutes sweat droplets appear on the functionally intact skin, which 
becomes black from the iodine and starch combination. The response is 
negative when no sweat drops appear within the area tested. 

The histamine test of Rodriguez is somewhat similar in slight or early 
cases. A drop of 1 in 1 ,000 solution of histamine is placed within the margin 
of the suspected area, and a second outside. A prick is made with a neeie 
through the drop. A red flare appears in normal skin. 

Parakeratosis, hyperkeratosis, ichthyosis and alopecia . — The first three 
conditions are interconnected and are due to malnutrition followed by 
changes in the stratum corneum. The surface of the skin is shiny with 
scales. Hyperkeratosis is l)est seen on the palms of the hands and soles 
of the feet, where the epithelium becomes abnormally thick and is apt 
to split, forming a superficial perforating ulcer. Somewhat similar changes 
take place in the nails, whilst loss of hair in the beard, eyebrow area and 
scalp are well known. 

Differential diagnosis, — The characteristic marks of leprosy are 
sufi&ciently distinctive, but they have to be differentiated from psoriasis, 
sehorrhoeal dermatitis, various forms of tinea, eczema, lichen ruber planus, 
pellagra and filarial disease. Blastomycosis produces skin lesions reminis- 
cent of leprosy. From syphilis and yaws, however, it may not always be 
so easy. Syphilitic and yaws skin lesions may often closely resemble the 
maculae of leprosy, but the absence of sensory changes and reaction to 
treatment are sufficiently distinctive. The Wassermann reaction alone 
cannot always he depended upon in differential diagnosis as syphilis and 
leprosy frequently co-exist. In mild early cases of leprosy positive reactions 
denote coincident spirochastal infection, but in advanced cutaneous and 
neural cases, especially those subject to lepra fever, a positive reaction 
does not necessarily always indicate a sypWlitic infection. Lloyd, Muir 
and Mitra reported that 68 per cent, of nodular and 27 per cent, of neural 
cases in adults gave positive reactions. 
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The thickened skin of crab yaws on the feet may roughly resemble 
leprotic hyperkeratosis and may give a semblance of anaesthesia. Gangosa 
of yaws may be mistaken for nasal leprosy. 

The early lesions of mycosis fungoides might possibly be mistaken for 
early nodular leprosy, and leucoderma is not infrequently associated with 
leprosy in the popular mind. It is extremely common, especially in India, 
and in negro races, and unfortunate sufferers are sometimes to be found in 
leper asylums. Depigmentation in leucoderma, however, is more 
complete and sensory changes are absent. Lujpiis vidgaris and other 
tuberculides are very likely to be mistaken for leprides, and in both 
diseases acid-fast baciUi are difficult to demonstrate. Lupus evinces a 
greater tendency to sear formation and there are no sensory changes. 

Cutaneous leishmaniasis and, in South America, espundia, may be mistaken 
for leprosy. The lesions on the skin of the face tend to concentrate round 
the mouth and nose and form a more raised margin than those in leprosy. 
Demonstration of the Leishman-Donovan body wiU always settle the 
mattpr, but leishmanial lupus-like lesions on the ears may cause difficulty 
{see p. 168). Acrodynia, bums and other injuries may leave behind 
ansesthetic scars. Eunuchism has been mistaken for leprosy on account of 
the absence of eyebrows and the smooth, shiny appearance of the skin. 

Neural leprosy has to be differentiated from syringomyelia, in which 
analgesia and loss of heat sense are accompanied by retention of sense 
of touch and normal sweat function. The absence of nerve swelling and 
tenderness is important. The nerve injuries caused by trauma of the ulnar 
nerve or by cervical rib may possibly be called into question, but can be 
settled by X-ray examination. Bernhardt’s syndrome, or neuritis of the 
lateral femoral nerve, may cause anaesthesia of the antero-lateral region of 
the thigh. Raynaud's disease has been confused because of trophic 
changes ; hypertrophic interstitial neuritis (Dejerine-Sotta’s disease) may 
cause confusion ; this is a rare condition with thickening of nerv’-es which 
may be so great as to render them conspicuous, and is accompanied by 
sensory and trophic changes, as in neural leprosy, and ultimate production 
of claw hand. Von Recklinghausen's disease (neurofibromata) may some- 
times resemble leprosy. Scarring and anaesthesia caused by extensive 
herpes zoster on the chest may give rise to difficulty. 

Prognosis. — Leprosy may sometimes be a slight passing ailment, or may 
become the most repulsive loathsome disease known to man. The two 
important factors are concentration and distribution of bacilli in the body 
and resistance. Prognosis is more favourable in the neural than in the 
lepromatous type. The maintenance of a high standard of general health 
constitutes a most important element in prognosis. Some patients, even 
with advanced nodular lesions, are known to have partially recovered. 
On the whole, the earlier a patient comes under treatment the more favour- 
able the prognosis. On account of the ease with which improvement in 
muscular power and in sensation can be determined, it is usually easier to 
assess the progress of the neural than of the lepromatous type. Very 
spectacular changes are most often seen in patients with tuberculoid lesions. 

The danger of contact. — The factors which predispose to the danger 
of contact are closeness and duration, the infectivity of the case, combined 
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with the age and general "health of the person exposed to contagion. A 
child may acquire the disease after even slight contact. 

Recovery.— In early neural cases progress may be stayed or arrested 
with little or no deformity. But there is no acid test of absolute recovery, 
and it is said that in such an arrested case, some severe intercurrent disease 
may herald return of leprosy. Prom the patient’s viewpoint the main 
thing is whether there will be permanent deformity. 

Causes of death.— Leprosy differs from tuberculosis in its low mor- 
tality. As a rule the victims do not die of leprosy so much as from inter- 
current disease. They die from complications or as the result of crippling 
deformities. Death may be due to asphyxia from obstruction of the 
larynx or trachea, or to prolonged lepra fever. 


Tkeatment 

Sulphone treatment of leprosy. — A number of sulphone drugs have 
been applied to the treatment of leprosy in recent years. In some 
instances, it is readily understood, that any final decision upon their value 
has to be postponed for some time. In 1942, hard upon the successful 
results obtained with Promin in tubercular guinea-pigs by Peldman, Paget 
was stimulated to try out this drug in leprosy. At first it was found to be 
too toxic by the mouth in the doses then advocated, but that it was well 
tolerated, up to 5 grm. daily, by the intravenous route in experiments 
conducted at the National Leprosarium, Carville, Louisiana. The parent 
substance is one of the sulphonamide group — and is known as D.D.S., 
D,A.D.P.S. or diaminodiphenyl sulphone (Fromm and Wiltman, 1908). 
As this drug was at first considered to be too toxic for routine administra- 
tion, a number of derivatives have been prepared from it, but as Muir has 
stated (1952) in a recent paper there are now good reasons for believing 
that the nucleus, or parent substance (D.D.S.), is more effective in treat- 
ment than the others. It has been found that the effect of these disub- 
stituted derivatives is largely dependent on their instability, and the 
D.D.S. that they liberate both before and after absorption. In this 
respect the derivatives should be regarded as uneconomical vehicles for 
giving D.D.S., as it is uncertain what amount is hberated and what is 
absorbed and, moreover, these complex derivatives are much more 
expensive to produce. 

It has been found that during the first three months of treatment most 
complications are apt to occur, and it is wise to commence with the mini- 
mum effective dose of one 100 mgm. tablet twice a week. If no complica- 
tions should ensue, this twice-weekly dose may be increased by one tablet 
every month till at the end of the third the patient is taking four tablets 
twice a week. The average leprosy case can tolerate this amount in- 
defimtely. Some cases improve rapidly: others slowly. There does not 
seem to be any general rule, Cochrane gives bigger doses. He thinks that 
a dosage of 200^0 mgm. of D.D.S. twice weekly, or 1-2 ml. of a 50 per 
cent, aqueous solution can be tolerated. 
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Muir thinks that the safest criterion of improvement is the bacillary 
index (B.L) which concerns the concentration of leprosy bacilli taken 
from the nasal mucosa and other parts of the body where bacilli are 
found in the greatest numbers. 

Leprosy is benefited at all stages by D.D.S. treatment, but progress is 
more favourable the earlier the treatment is begun. In the later stages 
the patient becomes allergic to the lepra bacillus. Lepra reaction is the 
most distressing compheation. There is considerablt^ evidence that pains 
in the bones are due to inflammation in the cancellrjus tissue. In this 
D.D.S. in minute doses has a marvellous power in relieving the lepra 
reaction. In most eases initial D.D.S. treatment is accompanied by the 
appearance of rose-coloured fugitive nodules. 

The following derivatives of D.D.S. have been prepared and have been 
used in treatment : — 

(1) Promin (Feldman, 1940). — X-N didextrose sulphonate (D.D.S. 

content of 31*8 per cent.). 

(2) Suljplietrone (1936). — Cinnamaldehyde bisulphite derivative of 

D.D.S. (D.D.S. content of 27-8 per cent.). 

(3) Diasone (1938). — ^Formaldehyde sulphoxylate derivative of D.D.S. 

(D.D.S. content of 554 per cent.). 

(4) Promizole. — Thiazole derivative of D.D.S. in which, in place of a 

benzine ring, a thiazole group has been inserted (D.D.S. content of 

97*59 per cent.). 

(5) Promacetin. — Acetyl sulphonamide derivative of D.D.S. (D.D.S. 

content of 63*6 per cent.). 

(6) Sulphone Cilag, — Mon-acetyl ester of D.D.S. (D.D.S. content of 

75*7 per cent.). 

The remark made about D.D.S. applies to all these derivatives, especially 
Promin. ThedoseadvocatedislOOmgm. per day for two weeks: 200 mgm. 
per day for the next two weeks (=a blood level of 1 mgm. per 100 ml.): 
300 mgm. per day from the fifth week onwards. , 

To counteract any consequent ansemia the patient should be given 
0*7 gr. of ferrous sulphate daily, as well as liver, yeast and marmite. 
Muir now recommends injection of vitamin (Oy^men) and also 
A.C.T.H. (Roche, 1951). 

Toxic effects are nausea, vomiting, hepatic pain^ and jaundice. 
Beneficial results are seen in the gradual shrinkage of nodules and the 
healing of lepromatous ulcerations in the skin and mucous membranes. 

In the hjpromcdous cases, especially, there is improvement in vigour and 
sense of weU-being, a diminution in the number of bacilli in the lesions, 
but febrile reactions may occur. In the tuberculoid form there are focal 
changes in the skin lesions, the activity of which usually subsides com- 
pletely within six months. The inflammation of the nerve trunks takes a 
great deal longer to subside, but there is a concurrent and distinct improve- 
ment in the thickening of the nerves. Toxic reactions are first febrile and 
produce an eruption resembling erythema nodosum which has been 
appropriately termed erythema nodosum leprosum ” (Woolcott, 1947). 
l^is reaction is allergic in nature and is allied to the Herxheimer reaction. 
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More serious is a drug dermatitis which may proceed to exfoliation between 
the third and fifth weeks of treatment. In these cases the drug must be 
immediately discontinued for at least two months and antihistamine drugs 
fe a inihisan) given immediately. Treatment can then only be resumed 
when the patient has been desensitized with repeated small and increasing 
doses fe.g. -2 mgm. or less daily by injection). 

The associated blood changes in sulphone treatments declare themselves 
as a decrease in the red blood-corpuscles with a corresponding decrease in 
the hsemoglobin values. With oral siilfhetrone and diasone, especially, 
the anaemia may be very serious indeed, but this does not occur, so it "is 
claimed, when s'ulphetrone is given intravenously. When the hsemoglobin 
level has fallen below 12 grm. per cent, haematinics should be administered, 
but if below 10 grm., yeast should be given and the drug stopped. The 
more serious toxic signs are nausea, vomiting, jaundice and eonfusional 
mental states. The urine should always be tested for an excess of 
urobilin. The most distressing disturbances are peripheral neuritis and 
severe ataxy. With diasone and sulphetrone gastric disturbances may 
occur. Rodriguez, in the treatment of 92 lepers during a period of six 
months to three years with promin, recorded that improvement had taken 
place in 81 per cent. Lowe remarks that sulphones exert httle beneficial 
effect on trophic lesions caused by destruction of nerves. In normal doses 
in lepromatous cases definite response is noted within one month. 

Thiacetasone (1950) Behnisch (thiosemicarbazone-TBi), which has no 
relationship chemically to sulphone or sulphonamides, appears to be free 
from the side-effects which beset the action of the D.D.S. group. Eyrie 
(1950) claimed that thiacetazone had a more rapid action than the 
sulphones, though its action is similar. As thp is evidence that it is an 
effective agent in the treatment of tuberculosis it should be tried out in 
those cases which show an intolerance to D.D.S., especially those which 
develop a drug dermatitis. The dose is 25 mgm. da,ily, increasing each 
week by 25 mgm. until 150 mgm. is reached. (Schneider and others give 
larger doses, 100-150 mgm. daily.) Children under twelve should receive 
half this dose. As a rule no anaemia is produced which is a great advantage. 
Its close relationship to iso-nicotinie add, which exerts a specific action on 
tuberculosis, is to be noted. 

PaTOraiuinosctilicylic ac^ and stT6jptotiiycin. ^Although there is some 
evidence that P.A.S. and streptomycin have a similar action to that of the 
sulphones, their slowness and the necessity for frequent admimstration 
precludes their use in leprosy. Both drugs, especially P.A.S., may pre- 
cipitate an acute exacerbation. Streptomycin is useful m suppressn^ 
ocular inflammation occurring during sulphone therapy and sometimes in 
improving cases in which progress has ceased. 

The prophylactic value of these sulphone drugs is considerable as 
henceforward it will be possible to discharge patients from leprosaria after 
preliminary treatment to enable them to continue in their own homes. 

The action of the sulphones.— The sulphones interfere with the 
metabolism of M. leprce. When biopsies are done at various stages m 
sulphone therapy the organisms become reduced in numbers, especially in 
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the globi. These drugs apparently prepare the bacilli for more adequate 
phagocytosis and destruction of the macrophage cells. Clinical improve- 
ment in leprosy marches far ahead of the bacteriological. It may well be 
that the granular forms of the bacilli, which become evident during treat- 
ment, represent the resistant forms of M. leprce. The baciUi under the 
microscope have the appearance of fragmentation, granulation and reduc- 
tion to fine dust- Globi appear in the smears — some full of bacilli, others 
empty. 

Improvement of the patient can be gauged in three stages : immediate, 
intermediate and delayed. In the first two the signs of progress are chiefly 
clinical. In the last stage estimation of bacilli in the skin has to be under- 
taken as follows: — 

Five smears are taken from those parts of the skin where bacilli are 
present in greatest numbers. With a sharp-pointed knife, to incise to a 
depth of 2-3 mm., all five smears should be taken in serial order on one 
shde which should be fixed and stained with carbol fuchsii by the ordinary 
method. In gross infections the whole smear appears red and should be 
marked + 5, when not so red and many globi can be seen, the mark is 
+ 4; but when there are few bacilli, no globi, and not more than one or 
two small clumps in the smear it should be -p 1. The other two inter- 
mediate counts are -f 2 and + B. To obtain the bacillary index (B.I.) 
the marks for five smears are added. The maximum B.I. is 25. 

Chaulmoogra and hydnocarpus oils. — These remedies have for centuries 
been employed for leprosy in India and other countries. The oils are derived 
from the seeds of Taraktogenos kurziU Hydnocarpus wightiaim and H. antheh 
mbitica. Formerly given by the mouth, or by inunction, the modem method 
is by injection. The oil is expressed from fresh, ripe seeds and when fresh is 
well tolerated. There is virtually no difference in the composition of chaulmoogra 
and hydnocarpus oils, though the latter has largely replaced the former. 
Hydnocarpus oil and its esters intramuscularly and intradermally are the most 
efficacious drugs, but the ethyl esters are more stable, but must be kept in 
hermetically sealed ampoules and used immediately. Esters must' not be 
reheated. 

Antileprol, ethyl ester of chaulmoogra, is dispensed in capsules of 1 grm., given 
intramuscularly, or by the mouth, twice weekly in increasing doses, 

Alepol is sodiu7n kydnocarpate, is soluble in water and is given in 3 per cent, 
solution, intramuscularly, subcutaneously and intradermally. 

Moogrol is a mixture of ethyl esters of chaulmoogra and is given in 1 ml. doses 
increased to 6 ml- at weekly intervals. The iodized ethyl esters, or iodized 
moogrol, are used for intradermal injection, by infiltrating the leprotic lesion and 
producing coalescing injection wheals.” These methods are employed at the 
present day as a means of reinforcing sulphone therapy, especially in reducing 
lepromata and indurated areas which do not respond readily to sulphone 
treatment. 

L^a reaction . — If this reaction occurs during the course of treatment 
the injections must be stopped, but if there is some complicating disease 
(such as malaria) this must be specifically treated. During the lepra 
reaction the patient should be confined to bed and the bowels freely 
evacuated. Alkahes are advisable : 60 gr. of sodium bicarbonate may be 
given four times daily. Intravenous injection of potassium antimony 

20 
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tartrate, -J- to i gr. three times weekly, has proved an effective desensitizer. 
Calcium lactate and calcium gluconate in large doses act as adjuvants. 

Treatment of pain . — Pain is usually associated with the lepra reaction, 
and there is increase of it and tenderness in the distribution of affected 
nerves. For this, adrenalin hydrochloride 1 in 1000 solution (0-2-3 ml. 
in 5 ml. saline) is infiltrated into the perineural tissues, or alternately, 
0-02 grm. of ephedrine sulphate (dissolved in 10 ml. of a 0-5 per cent, 
sodium bicarbonate solution) given by the mouth, or injected similarly 
round the nerve, usually gives relief. Snake venom in small doses has 
also been found useful. In leprous neuritis, with oedema of hands and 
feet, aneurin (vitamin Bi), in 10 mgm. doses daily, is said to be successful. 

Surgical treatment . — Excision of lesions . — If there is only one small 
skin lesion, say less than 1 inch in diameter, it should be excised. Large 
outstanding nodules should be shaved off, the base being touched with 
strong carbolic or nitric acid. The electric cautery or carbon dioxide snow 
have been similarly employed. The treatment of perforating ulcers is a 
difficult problem. Necrosed bone should be removed. Clironic ulcers with 
indurated margins may be stimulated by infiltration with hydnocarpus 
esters, and by applying sulphonamide powders or paste. Amputation is 
seldom necessary. 

■\^Tien the thickened ulnar nerve is constricted by dense fibrous tissue 
behind the condyle, or the peroneal nerve is bound to the head of the 
fibula, the thickened band may be severed. The nerve sheath may be slit 
with benefit. 

The eye . — As already indicated, sulphone treatment has special effect on 
eye lesions. Loss of vision is caused by changes in the cornea and plastic 
iridocyclitis. 

The eye should be protected from trauma by wearing of tinted glasses. 
Pannus is best treated by peritomy which helps to prevent the spread of 
corneal opacification. Lepromata at the limbus are amenable to local 
therapy by application of solid carbon dioxide and diathermy, or by 
irradiation by G-renz rays in doses from 700 to 1,200 r. : the total amount 
varying from 5,500 to 11,600 r. For corneal ulceration in lagophthalmos a 
tarsorrhaphy should not be delayed. Cortisone drops should prove of 
value in clearing up corneal opacities and paimus. When the iris becomes 
involved the pupil must be dilated with 1 per cent, atropine drops. If the 
pupil fails to dilate, or if secondary glaucoma occurs, a broad iridectomy 
should be ‘done. For muco-purulent conjunctivitis and palpebritis 
penicillin drops 2,500 units per ml. and penicillin ointment (1,000 units per 
grm.) are indicated. For chronic daerocystitis the lacrymal sac should be 
removed (Kirwan, 1948). 

The nose . — Special treatment is often required for the nasal ulceration. 
The crusts should be removed and the mucous membrane anaesthetized 
with cocaine and adrenalin or some caustic, such as trichloracetic or 
chromic acids (1 m 10 solution), applied and fulgurated with a diathermy 
apparatus. Sometimes douching with 2 per cent, sodium bicarbonate 
sohition and painting with iodized hydnocarpus esters is also useful. For 
offensive discharge the following nasal lotion is used : 
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V aa gr. 22 (1-4:2 grm.) 


B. Sodii chlorid 

Sodii bicarb. ■ . . . 

Pot. chlor, . . - . .32 (7-78 grm.) 

Calc, phosph 3 J (15*5 grm.) 

J oz. to be used ^ith J pint of water as a nasal douche. 


Deformation of hands and feet , — Rehabilitation measures, such as carefully 
planned exercises, can often lessen deformities. The necessary movements 
may be produced in agriculture or textile industries, as carried out in the 
model Culion Island Colony in the Philippines. I\Iodern plastic surgical 
methods have greatly improved the outlook, and the important 
contribution for the restoration of functions of the hand by P. V. Brand, 
of the Christian Medical College, Vellore, S. India, must be consulted. 

Ulceration and loss of fingers are due to trauma and are to a great extent 
preventable. That serious attempts have not been made, until recently, 
to reconstruct the hands in leprosy is due to popular misconception: one 
is that paralysis is haphazardly progressive and therefore that healthy 
muscles used for transplantation may themselves become paralysed. The 
other is that leprosy lesions progress till fingers fall off, or become absorbed. 
Neither is true. The damage is due to ulceration, osteomyelitis, sepsis 
and ^ngrene. The leprosy paralysis is predictable in so far as it affects 
certain nerv’es, and then at certain anatomical levels. One can say that 
certain muscles may never become paralysed, however far the infection 
progresses. Those common!}’ paralysed are the intrinsic muscles of the 
hand, lumbricales, interossei, thenar and h\"pothenar eminences, flexor 
carpi ulnaris, flexor profundus to little and ring fingers. Sometimes 
paralysed are the extensors of the wrist, long extensors of fingers, thumb 
and abductor poUicis longus. 

The chief disability is loss of grasp, due to inability to extend the 
interphalangeal joints, and loss of pinch, owing to the loss of abduction 
and opposition of the thumb. The surgical treatment follows the lines 
laid down by pioneers of hand surgery, such as Sterling Bunnell. After 
healing superficial sores, the hand must be mobilized as much as possible 
by physiotherapy. Next, operations must be performed for restoration 
of lumbrical action, using transplanted long flexors or extensors, then 
operation for restoration of opposition to the thumb. Finally there is a 
programme of rehabilitation. Brachial plexus block anaesthesia is used. 
For clawed fingers BunnelTs sublimis transplantation is the operation of 
choice, and interphalangeal arthrodesis for fingers with stiff joints. Details 
of anatomy and operative technique are described in Bunneirs “ Surgery 
of the Hand.” It is advised that only one side of each finger should be 
operated and the tendon transplants should be attached only to the radial 
side of each finger. ^ 

Trophic ulcers , — Cochrane advocates filling the cavities with 5 per cent, 
sulphonamide paste, bandaging or strapping and leaving for one week. 
The following is recommended : 

Sulphonamide (Sulphapyridine) . . gr. 75 (5 grm,). 

Adeps lanse 3 IS (70 grm.), 

Liq. paraff. 3 (23 c.c.). 

^ See Brand (1953), leprosy Review, XXTV, 2, 1(H, 
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Operative procedures are sometimes necessary. Metatarsalectomy is 
advocated. The limb should be devasculated by a tourniquet, and the 
bone disarticulated before removal. Local anaesthesia, adequately given, 
suffices, and the tourniquet should not be removed until the wound has 
been well packed uith sulphonamide paste and a tight bandage applied. 

Subsidianj measures.— The production of protein shook by intravenous 
injections of milk or other forms of protein sometimes causes temporary 
improvement and aids in healing up intractable ulcers, but must be used 
with caution. Rapid and favourable action has been claimed by some 
observers as a result. X-rays and radium have also been tried, and various 
baths, such as iron, copper sulphate and iron-arsenical baths at a 
temperature of 110° F. (in Java). Lowe has tried out cortisone and A.C.T.H. 
in the acute and subacute comphcations. Immediate response is excellent 
but fleeting. 

Prophylaxis —If children could be prevented from coming into contact 
with infectious cases, then the number of adults who would later become 
victims would be so few that the leprosy would decline. In planning 
preventive measures the incidence of child infection and of infectious 
lepromatous cases should be ascertained. If the former should reach 25 
per cent, of the total and 20 per cent, of the latter, then intensive preventive 
measures must be undertaken. 

The patients must be segregated in special areas near villages connected 
with a properly equipped centre. Infective cases in towns can be isolated 
solely in institutions. General hospitals should be prepared to treat 
leprosy in out-patient centres set apart for this purpose. Special research 
units should be developed, and special measures instituted for the care, 
segregation and observation of children with leprosy. Propaganda and 
carefully planned special training are essential. 

A model leper colony is situated on Cuhon Island in the Philippines. 
It is a town with laundries, theatre and schools where some 8,000 lepers 
were originally segregated ; at the end of ten years the numbers had been 
reduced to 3,000 by natural causes and almost complete cessation of new 
infections. 

Since improvements have been made in the dietary, and intensive treat- 
ment has been given, especially good results have been obtained in children. 

In no country should lepers be permitted to beg in the streets, keep 
shops, or handle food. 

The prophylactic value of sulphones in the future management of leprosy 
has already been commented upon.^ The effect of B.C.G. injections as a 
means of prophylactic protection is now bemg investigated (Lowe). 

1 For a foU account of modern leprosaria and their management, the '' Practical Textbook of 
Leprosjy” by R. G. Oochrane (1947), should be consulted. 
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YAWS (FRAMBGESIA; 

Synonyms. — Pian ; Framboesia ; Boubas (Brazil ) ; Coko (Fiji) ; Parangi^ 
(Ceylon) ; Dube (Gold Coast) ; Purru (Malaya). 

Definition. — Ysl^s is a contagious inoculable disease, characterized 
by primary sore and indefinite incubation period,^ followed usually by 
fever, rheumatic-like pains, and the appearance of papules which 
generally develop into a fungatiug, encrusted, granulomatous eruption. 
Running a chronic course, it usually protects against a second attack. 
The disease is caused by Spirochceta ^fertenuis, and is controlled by salvarsan 
and bismuth salts. The organisms of yaws and syphilis are indistin- 
guishable and the lesions produced are difficult to differentiate. 

History. — The first descriptions, by Oviedo, of what we know as yaws did not 
appear until the sixteenth century. Before this period allusions in the literature 
appear to be mere surmises. Deductions fi-om historical records suggest that 
yaws is of more ancient lineage than syphilis. It is clear that what we now know 
as syphilis appeared with dramatic suddenness at the end of the fifteenth 
century and, as a new and devastating disease, spread rapidly over Europe. 
According to records, the disease broke out after the return of Columbus to Spain. 
Oviedo (1478-1557) was in Barcelona at the time, and in his Uisioria General y 
Natural de las Indias, he stated that it was contracted from Indian women by 
the Spaniards who accompanied Columbus; that it was brought by them to 
Spain, and transmitted to the army of Charles VIII. Las Casas (1474-1556), 
in his Historia de las Indias, refers to a disease which was very dangerous to 
Spaniards, and w^as called syphilis, being known in Italy as the French 
malady.” Ruy de Isla, a physician practising in Barcelona in 1493, gives a very 
complete account and states that it was unknown before that year, and that it 
was brought by the crew of Columbus on their return firom the first voyage to 
Haiti. Ruy himself treated several sailors from the squadron, including the pilot, 
Pingon of Palos. 

In the autumn of 1493, Charles VIII of France invaded Italy with a rabble 
army. He captured Naples on February 22, 1495, but a new plague (syphilis), 
-accompanied by severe skin lesions, broke out and necessitated the evacuation 
of the city. The spread of syphilis can be traced, according to Pusey (1933), with 
the dispersal of Charles’s army throughout Europe. In 1497 it reached England 
and Scotland. In Japan it was not recognized till 1509 at Nagasaki, where it 
was attributed to the presence of Chinese and Portuguese sailors. 

Syphilis, when introduced into a non-immune population, as in Uganda, in the 
nineteenth century, reproduced symptoms and manifestations recorded by our 
ancestors in the fifteenth ; under these circumstances there is little doubt that 
syphilis can act as a devastating epidemic. According to the far-reaching 
researches of such authorities as Virchow (1896) and Elliot Smith (1930), no 
syphilitic bone of pre-Columbian origin has been discovered. On the other hand. 
Means (1925) and Williams (1932) have found the long bones of Indians showing 
evidences of syphilis in primitive races in North and South America ; and the 
former found evidences of it in skeletons of the prehistoric mound-building 
Indians of Ohio. 


^ Ttis word means “ foreigner,” a term applied by the natives to the European invaders of Ceylon. 
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It is known that yaw'S often occurred in epidemic form on board slave ships 
and it may w'ell be that the disease was an African importation into the 
World. Much has been written of the possible identity in former times of such 
diseases as the “ button scurvy ” of Ireland, “ sibbens ” of Scotland and “ rade- 
syge ” of Norway and Sweden. It may well be that during the seventeenth and 
eighteenth centuries they represented a severe form of syphilis. 

Recent views on the syphilis-yaws question . — In Jamaica, Turner, Saunders 
and Johnson record that no cardiac disease has been encountered in yaws cases* 
and this has been confirmed by radiographic examinations. In their critical 
survey of yaws in that island, they brought forward several new points. The 
“ attack rate ” in adults is as great as in children, and yet nothing like congenital 
syphilis has been seen in Jamaican babies, and this is held as strong evidence 
against the identity of syphilis and yaws. Infants and children in Jamaica are 
more liable to infection than are adults, and 90 per cent, of cases contract the 
disease before they are fifteen years of age. 

It may weU be that yaws and syphilis have sprung from a common ancestor. 
In yaws it is probable that the spirochsete, under the more primitive conditions 
of the tropics, has spread from man to man by intimate contact, whilst the 
syphilitic spirochaete under more civilized conditions, where such contact is not 
possible, came to be communicated by the venereal route, thereby assuming a 
more virulent character and evolving (as do certain other spirochsetes) neuro- 
tropic strains. Intermediate forms between the two classical forms of these 
diseases, which are so closely related as to be zoologically referable as “sub- 
species,” undoubtedly have become evolved in time, as in the non-venereal 
childhood sypMlis of the Arab tribes of the Euphrates and Iraq, known as 
“Bejel” (Hudson). This disease has been weU described in Deir-ez-Zor in 
Syria, where there is a high incidence of syphilis, but very little gonorrhoea. 
This syphilis is spread by personal contact, is of low virulence, gives a positive 
Wassermann reaction, and corresponds to the endemic syphilis of Asia Minor 
described by von During. The most frequent lesions are in the mucous mem- 
branes of the mouth ; but in other respects — ^in the special affinity for children, 
and in the production of hyperkeratosis and depigmentation — ^it resembles yaws, 
and circinate lesions of the soles of the feet, resembling orab-yaws, are common. 
Depigmentation of the dorsum of the hands resembles that described by Lacap^re 
in Morocco, but Hoff and Shaby state that meningo-vascular lesions may still 
be observed amongst these peoples. 

It is fair that some consideration should be paid to the expressed views of 
Hudson (1946). In its extended sense he thinks that “ treponematosis ” is a 
widely distributed disease caused by one species, T. pallidum, that this disease 
presents different clinical patterns under different climatic and sociological 
conditions ; that any variations in the parasite itself are functional representing 
strains which may, or may not, have fixed biological characters. On this basis 
he includes yaws, syphilis, bejel and pinta under one heading and would thereby 
discount the theory of the Ainerican origin of syphilis as objectionable and as 
just an historical fairy tale. 

Geographical distribution. — ^Yaws is common in tropical Africa, 
West Indies, Ceylon, Pacific islands, Papua, the East Indies, and the 
Malay States, ha India and China it appears to be rare. Children in the 
West Indies and Fiji are especially liable. During recent years it has 
become extremely prevalent in Kenya Colony, Tanganyika Territory, 
and Uganda, where it is spreading with great rapidity. On the other 
hand yaws has disappeared to a great extent from Guiana, Ceylon and 
Barbados, where it was previously extremely rife. 
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Epidemiology and endemiology. Contagion and heredity . — As yaws 
is highly contagious, ail circumstances favouring contact with the subjects 
of the disease favour it. Simple skin-contact does not suffice ; a breach 
of surface is necessary. The knowdedge that the secretions from yaws 
lesions could transfer the disease to another person "was well known to 
the slaves of the West Indies, and they practised auto-inoculation in their 
children who did not show a generalized eruption. 

The disease frequently commences in a pre-existing ulcer, the organism 
(spirochsete) being conveyed by flies to the previously lacerated surface {p. 602). 
Cases originate in certain dirty houses, the virus from previous yaws patients 
seemingly impregnating the floors and walls of the filthy huts. In this manner 
the disease may be, and in some cases no doubt is, acquired without direct trans- 
ference from an existing case. In some countries, as in Ceylon, yaws is a disease 
of the flat, low-lying districts, while practically absent from the hill country ; 
in Assam, on the other hand, it is more common among the hill tribes than among 
dwellers of the plain. Ramsay has shown in Assam that native hill people, who 
only exhibit obscure lesions, such as condylomata, while living at high altitudes, 
develop florid yaws when they come down to the plains. In Jamaica, Saunders 
and Kumm have emphasized the importance of rainfall and geological formations 
on the distribution of yaws. Wherever there is porous limestone there is little 
or no yaws. 

Yaws is neither hereditary nor congenital. A pregnant mother suffering from 
yaws does not give birth to a child suffering from the disease, nor one which will 
subsequently develop yaws, unless the virus be first introduced directly through a 
breach of surface after birth. It is not conveyed by the milk ; nor does a suckling 
suffering from yaws necessarily infect its nurse. 

This statement should be qualified by the well-knovTi fact that a syphilis- 
infected mother does not inevitably transmit the disease to her offspring, and if 
she does transmit, she may do so irregularly, not to one child, but to the next, 
and to one only of twins. 

Although two-thirds of the cases in the West Indies, Pacific Islands and Ceylon 
occur before puberty, no age is exempt. In Jamaica the peak of the infection 
rate is about eight years. No new infections are found after thirty. Three males 
appear to be infected to every one female. It has been frequently remarked 
that yaws shows a predilection for certain native races. On the whole, the negro 
and negrito stock is specially liable to severe attack. 

Yaw^s at the present day shows a striking limitation to the tropics, but it is a 
disease so readily communicable by direct contact that it seems remarkable that 
it does not spread in temperate regions. In the tropics yaws is limited to low 
level areas, and to rural districts with primitive sanitation. In Haiti, for in- 
stance, yaws is the disease of distant villages, and syphilis with chancre is common 
in the main town. In the PhiKppines the same is true : in the country, yaws ; 
in Manila, syphilis. 

.etiology. — ^In 1905 CasteUani demonstrated in scrapings of yaws tissues an 
extremely delicate spirochsete — Spirochoeta perienuis^ or Treponema pertenue — 
very like that of syphilis. To demonstrate this spirochsete, slides should be 
prepared from scrapings of an incised yaw papule before it has ruptured. The 
films may then be stained with Giemsa, or made by the indian-ink method; 
better still, the living parasites may be detected in fresh undried films by dark- 
ground iHumination. A fully developed yaw is unsuitable, because it has been 
exposed to external sources of contamination and a variety of organisms will be 
present and may confuse the observer. Dobell and others have been unable to 
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distinguish any structural differences between this spirochsete and S, pallida of 
syphilis (Fig. 234, 5, p. 918). With the aid of the electron microscope the 
appearance of flagella and an undulating membrane can be made out. 

S. pertenvis has been found in the spleen, lymphatic glands, and bonemarrow ; 
doubtless it also occurs in the blood. It is inoculable into monkeys and rabbits ; 
in the former, especially in the orang-outang, it gives rise to lesions similar to 
those in the human subject. 

Cultivation of S. pertenuis was successfully performed by Noguchi in ascitic 
fluid containing a piece of fresh animal tissue, such as the kidney, the whole being 
covered with a layer of sterile paraffin. This rather complicated technique 
has been simplified by the later work of Hata, who substituted horse-serum, the 
inoculation being made through the upper solidified layer. Strict anserobiosis is 
necessary. 

Kumm has brought forward strong evidence that in Jamaica, at any rate, 
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Fig, 91.— 'flippelates flies on a yaws ulcer. Showing method of spread by 
these insects. {Dr. L. A, Le6n, Quito.) 

a minute fly, Hippelates papillipes, carries the spirochsete from one person to 
another (Fig. 91). He collected the flies at the rate of 5,000 per hour from one 
ulcer ; they crawl under the scab and ingest large numbers of B. p&rtmuiSy which 
are afterwards regurgitated. H. papillipes is an oscinid fly having peculiar 
mouthparts, with projecting spines on the pseudotrachese and labeUae {see p. 1062). 

Inoculation into monkeys . — ^The most extensive and noinute observations of 
Sohabl on Qynomolgus philippinensis with emulsified extracts of yaws lesions 
containing 8. pertenuis deserve mention. The injections were made on the 
nose, eyebrows and scrotum. From three to five weeks after inoculation, papules 
appeared, corresponding to the typical yaw. Later, they spread peripherally 
like the ring-worm form of this disease. The disease in the monkey on first 
inoculation runs its course without developing into diffuse secondaries, but 
generalized yaws is produced by superinfection. Other late manifestations, such 
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as lupus-like ulcerations and keratoderma of plantar surfaces, resemble those 
seen in man. 

Human inoculation. — The fact that the disease could be transferred by secretion 
from yaws lesions was well known to the slaves in the West Indies. Charlouis 
and others have inoculated yaws patients with S3rphilitic virus and have pro- 
duced a chancre at a site of inoculation. Schobl considers that 8. pallida is 
panblastotropic with a tendency to invade and multiply in all tissues and produce 
lesions, but is mesoblastotropic in its tendencies. Syphilitic lesions are found in 
the skin, mucous membranes, bones and muscles, viscera and nervous s^’^tem. 
The spirochsetes invade the cardio-vascular system and enter the placenta, 
giving rise to congenital syphilis. The yaws spirochsete is epiblastotropic. 



Fig. 92, — Primary yaws chancre on foot. 

(Dr. L. A. Leon, Quito.) 

invading certain tissues, particularly the skin and bones ; the nervous and cardio- 
vascular systems are not usually invaded and the disease is not congenital. It is 
suggested that in the few instances, in which lesions of the internal organs and 
cardio-vascular system have been reported, co-existing syphilis has not been 
rigidly excluded. 

Taws, moreover, shows a striking limitation to the tropics, and the effect of climate 
upon it is such that it does not spread in temperate dimates from cases which are 
introduced. It is more common at low altitudes and in areas with higher rainfall. 

Yaws spirochsetes are unable to penetrate unbroken skin surfaces. Auto- 
inoculation may occur during the early course of the disease in man ; the infection 
may spread to other parts of the skin, but mucous membranes are not invaded. 

Other animal inoculations. — ^Nichols originally showed that yaws, like syphilitic 
lesions, can be produced in the testis of the rabbit, though the incubation period 
is shorter. Pearce and Brown observed, in intratesticular inoculation with 
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S. peiienuis in the rabbit, a granular and finely nodular periorchitis, a lesion 
different from that of S. pallida. Turner and Chesney in Haiti found that in 
rabbits injected with 8. pey'tenuis the testicular lesions consisted of miliary 
granules in the tunica and epididymis, but that general enlargement and indura- 
tion (so common after inoculation with 8. pallida) do not occur. 

Pathology.— A feature of yaws lesions is the great thickening of the epidermis 
and degeneration in the epithelial cells. In later stages there may be h3rper- 
keratosis. The elongated papillse are vascular, and are infiltrated with lympho- 
cytes ; leucocytes and plasma cells are also numerous. In contrast with syphilis, 
perivascular infiltration in the corium is absent, and there is no endarteritis 
as in syphilis. Dupont and Dubois describe the primary lesion as an epidermic 
papule of which the centre becomes necrotic and leads to ulceration. Cellular 
infiltration is limited. In contradistinction, the syphilitie chancre erodes the 

epidermis and extends more deeply. lu 
secondary yaws large papules are formed 
by inflammatory infiltration with hyper- 
trophy of the epidermal ridges. In the 
gummatous stage the essential feature is 
dominance of the epithelioid elements in 
the infiltration. 

Symptoms.— As in syphilis, the 
symptoms of yaws can be divided into 
three stages — primary, secondary, and 
tertiary. 

Primary lesion (madra hula or 
“mother yaw (Pig. 92). — Accordmg 
to Sellards the mediation period in ex- 
perimentally-inoculated yaws in man is 
three and a half to four weeks ; in ex- 
perimental apes it may be as long as 
three months . Naturally-acquired yaws 
is reputed to have, as a rule, a longer 
incubation period than the inoculated 
disease. The primary lesion may appear 
as a granuloma, or a papule, at the site 
of inoculation, 1-7 cm. in diameter, and is known as the “ frambeesoma,” 
It may develop at the site of some old skin lesion. It is ordinarily extra- 
genital, but may be situated on any part of the body : the buttock, 
thigh, knee, leg, arm, breast, or lip (Fig. 93), but is rare on the scalp. 
The lower part of the leg is the site of predilection ,* the breasts of nursing 
women and the mouths of suckling babies are not uncommon sites. In 
Moss and Bigelow’s large series the genitalia were the seat of the primary 
lesion in only 1 per cent. In native women it is frequently observed at 
the bend of the elbow, or on the hip, and is contracted in this situation 
from carrying children who are infected with the disease. The primary 
lesion may be so small as to escape detection ; it may be single or 
multiple, and, in fact, great difficulty may be experienced in differentia- 
ting it from allied cutaneous lesions, hut, as a rule, it is remarkably 
persistent, lasting from two to four months, and it may persist for a year 
or more. 



Fig. 93.— Primary yaws sore on lips 
of Australian aborigine child. 

[Dr. H. Basedow, Adelaide.) 
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According to tie Jamaican Yaws Commission, the primary ifesion is 
found on the lower extremities in over 70 per cent, of eases. In 
it was found : — 

On head, face and neck in 1 

On Tipper extremities „ 4 

On genitalia „ 1 

On leg „ T2 

On ankle and foot „ 21 

The lesion, on becoming larger, becomes covered with a yellowish 
secretion or scab. It is at this stage knoTvni as the “ mother or master 
yaw,” the “ mama pian ” of the French. In ordinary locations yaws 
lesions are not painful, unless firmly pressed. 

The appearance of the lesion is preceded by a certain amount of con- 
stitutional disturbance. The intensity of the general symptoms varies 
within wide limits ; sometimes they are hardly perceptible, so are not 
complained of, but usually there is well-marked malaise with rheumatic 
pains. Occasionally there is severe constitutional disturbance lasting 
for about a weei, with rigor, smart fever (100" to 103° F.), persistent 
headache, pains — worse at night — ^in the long bones, joints and loins, 
and sometimes gastric disturbance and diarrhoea, especially in children. 
The lymphatic glands in the immediate vicinity become enlarged. During 
the decline of these constitutional symptoms the secondary eruption 
appears. The Wassermann reaction becomes positive three to four weeks 
after the primary lesion and rapidly grows stronger in titre. 

Secondaby stage. — This is ushered in by a fine, light-coloured fur- 
furaceous desquamation. The skin becomes harsh and dry, loses its 
natural gloss, and here and there patches of desquamation (best appreciated 
with the aid of a hand lens) are formed. These patches are mostly small 
and circular ; occasionally they are oval, irregular, or form rings encircling 
islets of healthy skin scattered irregularly over limbs and trunk ; sometimes 
they are almost confluent, the patches coalescing and making the skin 
look as if it had been dusted over with flour. On the other hand, this 
furfuraceous desquamation may be so slight as to be overlooked. In 
some instances the heaping-up of desquamating epidermic scales produces 
white depigmented patches, very evident on the dark skin of a negro or 
oriental. 

This patchy, furfuraceous condition of the skin may persist throughout 
the attack, or may reappear as a fresh eruption at any time in the course 
of the disease. It has h^n described by Schobl and Sellards as “ keratoid 
exanthem ” in artificially-inoculated yaws. 

Afpeararm of the yaw (Fig. 94). — ^When the furfuraceous patches have 
been in existence for a few days, minute papules appear in them. This 
very characteristic eruption, from which the disease takes one of its names — 
framhcesia (or rcLspberry ) — breaks out three months after the primary 
lesion. These secondary lesions may vary in size from a pin’s head to 
half a crown and, according to Spittel, begin around the primary sore 
(“mother and daughter yaw ”). The itchmg is usually considerable. 
As in syphilis, the eruption may he very pleomorphic ; it may be roseolar, 
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or consist of macules ^vith desquamation resembling a squamous syphilide. 
It may appear on any part of the body, especially in exposed situations 
and on the anterior ‘^surface. The papules occur in groups, the larger 
appearing to he surrounded by a group of satellites, which has given 



Fig. 94.— Secondary yaws in a Malay boy. ( W. E. Le Groa Clark.) 


rise to the various native designations for yaws. Auto-inoculation is 
probably responsible for the appearance of these lesions in symmetrical 
fashion, whenever the skin or mucous surfaces come mto intimate contact ; 
they are present at the angles of the mouth, in the axillae, in the anal 
cleft, and in the inguinal region ; in contradistinction to syphilis, they 
are rarely present on the true mucous surfaces, but often in clusters just 



DEVELOPMENT OF THE YAW 607 

inside the nostril. Several of the groups may coalesce to cover a large 
surface. 

The yaw is pushed up from the rete Malpighii through the homy epi- 
dermis, which breaks over the summit and splits in radiating lines from 
the centre, the necrosed segments curling away from the increasing papule. 
Soon a yellow point appears around a hair follicle, consisting of a cheesy- 
looking substance which cannot be wiped away, unless undue force is used. 

From this stage the papule may either cease to grow, the apex becoming 
depressed, or may go on to forai the typical yaw. In the latter case the 
lesion gradually grows into a rounded excrescence, the yellow material 
at the top widening out so as to form a complete cap encrusting the little 
tumour. The smaller tumours are hemispherical ; the larger are more 
flattened, or even depressed at the centre, possessing everted, somewhat 
overhanging, rounded edges. Occasionally, though rarely, a big yaw may 
include an area of sound skin. 

The firmly adherent crust which caps and encloses an uninjured yaw 
is yellowish, granular, blotched with blood-stains and encrusted dirt. 
Deprived of its crust, the little swelling is seen to be red, generally smooth 
and rounded on the surface, and oozing pale yellowish serum in which 
spirochaetes may be demonstrated ; when inspissated, this serum forms a 
fresh cap to the yaw, and on microscopic examination is found to be 
teeming with the organisms. According to size, it stands out anything 
from J to I in. above the surrounding healthy skin. Pus, unless a con- 
sequence of irritation, is not, as a rule, found imder the crust. 

Although the formation of the papules and yaws is attended with 
much itching, the yaw itself is not at all sensitive ; the tumour may 
be touched, with acid even, without causing pain — a diagnostic point 
of some importance. Sometimes, as in syphilis, the eruption has a circinate 
character, the so-called “ ringworm yaws.” The it clung of yaws lesions 
is a point of differentiation from syphilis, hut, as Blacklock has pointed 
out, native races are also exposed to insect bites and dirt. 

The yaw usually attains its maximum development in two weeks. For 
several weeks longer it remains stationary before beginning to shri nk . 
The cnist then thins, shrinks, darkens, separates at the periphery, and at 
last falls off, disclosing, at the site of the former fungating mass, a slightly 
thickened spot of fairly sound skin, wluch, though pale at first, may sub- 
sequently become hyperpigmented. 

Sometimes the secondary rash takes on a papular appearance, when 
the lesions are known as “ acuminate papules.” These are symmetrically 
distributed over the back, shoulders, arms, elbows and knees, and much 
resemble a follicular syphilide. Secondary lesions may last from six 
montLs to a year. Simultaneously vith the eruption, as in secondary 
syphilis, there may be a uniform, painless enlargement of the lymphatic 
glands, in the aspirated lymph of which the specific spirochsete may 
be demonstrated. When the lesions subside, pigmented spots remain, as in 
secondary syphilis, and are specially noticeable on the palms of the hands. 

Lichenoid eruptions. — TAclien framboesianus (“Pian daire'') is a 
lichenoid generalized eruption of the skin described by Dutch writers in 
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Indonesia. It is a micropapular eruption which is very striking in 
appearance and is not associated with yaivs papules. It is, of course 
analogous to secondary lichenoid eruptions in syphilis, and must be dis- 
tinguished from other lichenoid eruptions, such as lichen ruber planus 
lichen pilaris and lichen scrofulosorum. It is now generally recognized 
as an early secondary manifestation in children and young adults, the 
same condition as has been described by Nicholls as “ furfuraceous 
desquamation” and by German writers as the early framboesiform 
efflorescence.” The lichenoid eruption is apt to occur in patches over the 
shoulders and, according to Deibel and Elsbach, there is a tendency to 
hyperpigmentation of the peripheral micropapules, associated with de- 
pigmentation of the centre. 

The serum of patients in the secondary stage gives marked positive 
Wassermann and Kahn reactions, and tliis makes the differential diagnosis 
from syphihs impossible by these means. 

Teetiary staob. — It sometimes happens that the tumours, instead 
of becoming absorbed, break down and ulcerate, the ulceration, which 
may last for years, being confined to the yaw itself. In other instances 



Fig. 95. — Tertiary yaws ulceration on forearm of European. 


ulceration goes deeper and extends circumferentially, giving rise to 
extensive sores with subsequent cicatricial contractions. Such ulcerations 
occur in about 8 per cent, of cases and may or may not be encrusted. 

95.) With the development of the deeper and wider forms of ulcera- 
tion, the typical lesions of yaws may disappear for a time, or perhaps 
pOTaanently. In the latter case the ulcers are said to be non-inf ective. 
Uloetation of the greater part of the limbs, especially the leg and ankle, 
may take place. Tertiary manifestations are seldom observed in cases 
which present late secondary lesions. The serum of these cases gives 
positive Wassermann and Kahn reactions, but the cerebro-spinal fluid, 
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in cases of advanced ulceration of the nose and other parts of the body, 
gives a negative reaction ^ith a normal cellular and biochemical picture. 

Lesions of the hands . — A scaly condition of the palms of the hands may 
persist for years. Multiple dactylitis, with uniform swelling of the 
phalanges, onychia, paronychia, atrophy of the nails, and subsequent 
deformity, is often observed. (Fig. 96.) 



Fig. 96 * — Tertiary yaws. Onychia of fingers. 
iW.E.Le Gros Clark.) 


Foci yaws (“ Dumas,*’ or pink parangi — Ceylon ; “ crabs,*’ or “ crab 
yaws ** — West Indies). — When a yaw develops on the sole of the foot 
it causes much suffering because it is boimd down by the dense and 
thick epidermis. Spreading laterally under the thick, leathe^ and 
anyieldmg epidermis, it may become large. After a time the epidermis 
over the growth gives way, splitting up in a radiating fashion (Fig. 
97). Pressure being thus removed, the yaw fungates, and suffering 


FOOT YAWS 


609 


in cases of advanced ulceration of the nose and other parts of the body, 
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(W,EnLe Gros Clark.) 


Foot yaws C Dumas,** or pink parangi— Ceylon ; crabs,** or “ crab 
ya-ws ** — West Indies). — When a yaw develops on the sole of the foot 
it causes much suffering because it is boimd down by the dense and 
thick epidermis. Spreading laterally under the thick, leathe:^ and 
unyielding epidermis, it may become large. After a time the epidermis 
over the growth gives way, splitting up in a radiating fashion (Fig. 
97). Pressure being thus removed, the yaw fungates, and suffering 
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diminishes. Crab yaws may last a lifetime after infection in 
childhood. Cbesterman suggests that in the foot lesions a fixation point 
for S. perieyuiis is formed. A condition known as “ clavus ” in 
Dominica results from the healing of these granulomata ; the centre 
of the core drops out, leaving an irregular erosion of the sole of the 
foot, or there may be deep fissures or cracks. Similar pitting occurs 
on the palms of the hands. According to Sayers, this is the 
commonest lesion of yaws in the Solomon Islands, and causes great 
disability, especially in children ; when bilateral it incapacitates them 
from walking. 

Gangosa (derived from the Spanish meaning “ muffled voice ”), or 
destructive ulcerous rhino-pharyngitis (Fig. 98), which is now generally 

regarded as a sequel of yaws, usually 
commences as an ulcer on the soft 
palate. Slowly spreading, it may 
make a clean sweep of the hard 
palate, the soft parts, cartilages and 
bones of the nose, sparing the upper 
lip, which is left as a bridge across a 
great chasm, the floor of which is 
formed by theintacttongue. Amost 
offensive odour is given off from the 
ulcerated surface. The disease may 
be arrested spontaneously at any 
period of its progress, and long be- 
fore such extensive mutilation as 
that described has been effected ; 
but it is always a longstanding and 
chronic affair and may linger as an 
indolent ulceration for years. As a 
rule, the larynx is spared ; but, 
although phonation may beretained, 
articulation is seriously impaired. 
G-angosa occurs at any age, but 
is rare in young adults, though 
Leyes states that in Guam he 
has seen it in children of 3, 4, and 9 years of age. It is very common in 
parts of the West Indies (Domimca, 60 cases in a population of 2,000), 
Guam (1*5 per cent, of the population),, the Carolines, Fiji, Ceylon, British 
Guiana, and West, Central, and East Africa. It is often found associated 
with the bone lesions of yaws. 

Goundou, or Andkhre (“ Gros Nez — In 1882 MacAlister drew attention 
to what were termed the horned men of Africa, and in 1887 Lamprey gave 
further details illustrated with drawings. The natives call the disease 
g^dou and anakhr6. Later observations show that it has a wide 
distribution in Central Africa and South America, and that a similar disease 
occurs in the larger apes, chimpanzees, and baboons. An ancient Inca skuU 
fromP^, described by Letulle, shows the characteristic lesions of goundou. 



Fig. 97. — Foot yaws, or crab yaws.” 
(Dr. J. D. Resd . ) 
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Stannus and Hamerton have shown that in the apes the hyperostosis is 
probably the after-result of osteitis cystica. 

Goundou usually commences during childhood, although adults may 
be attacked. The earliest symptoms are severe and more or less per- 
sistent headache which, after a time, is associated with a sanguino- 
purulent discharge from the nostrils, and formation of symmetrical 
swellings the size of a small bean at the side of the nose. Apparently 
the swelling affects the nasal process of the superior maxilla. The carti- 
lages are not involved. After continuing for six or eight months, the 
headache and discharge subside. The paranasal swellings persist, and 
continue slowly and steadily to increase until in time they may attain 
the size of an orange, or even of an ostrich’s egg. As they grow, 
the tumours, encroaching on the orbits, may interfere with the line of 
vision and finally destroy the eyes. 

In severe cases there is a general 
diffuse hyperostosis of the anterior 
part of the maxilla. There is no 
pain in the tumours themselves. 

The supeijacent skin is healthy 
and freely movable . The tumours 
are oval, with the long axes 
directed downwards and slightly 
from within outwards (Eig. 99). 

The nostrils are bulged inwards 
and more or less obstructed. 

The hard palate is often affected, 
resulting in the most hideous 
deformity. General glandular 
enlargement may be noted. 

Trauma seems to predispose to 
the development of goundou. 

A case of goundou associated with 
tertiary syphilis was described in 
London by Sharpe. The patient had 
never been in the tropics. The 
lesions resembled the paranasal 
swellings so characteristic of 
goundou. 

According to recent accounts, cases of goundou in Jamaicans invariably give 
a positive Wassermann reaction. 

The bony outgrowths, not necessarily bilateral, are attached to the nasal bone 
and nasal process of the maxilla, but, according to Botreau-Roussel and Clapier, 
they are not entirely confined to this region ; a similar hyperostosis may co-exist 
on the tibia, upper or lower jaw, forearm, femur, or clavicle. There is a general 
opinion at present that goundou is a systematized hypertrophic osteitis connected 
in some way with yaws. 

The bony changes of goundou consist of hyperostosis, which may be limited 
to the ascending or nasal processes of the superior maxilla, or be more widespread 
and affect the other bones of the skull as well, with an ever-present tendency to 
the formation of bosses of overgrowth and to the obliteration of adjacent 



Fig. 98. — Gangosa in an Australian 
aborigine. (Dr, E. Basedow^ Adelaide,) 
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cavities. The underhdug jDathological process is an osteo-periosteal dyscrasia 
and the end-result is the production of finely-porous bone. 

As yaws and syphilis are so closely allied, it might be expected that similar 
lesions might be found in the generalized osteitis- of syphilis, but there appears to 
be very little evidence of it. There is very little difference between the bony 
changes of s-oundou and those which have been called leontiasis ossea, and, 
aceordinsr to Stamms, hyperostosis of the facial bones has also been recorded in 
Paget's disease — osteitis deformans. According to modern knowledge, it seems 
possible that goundou is more akin to osteitis fibrosa, due to interference with the 

bony metabolism and an endocrine disorder, 
and it may w^ell be that in this instance 
yaws constitutes the non-specific factor 
acting on an ill-fed native child population. 
Goundou -like sw ellings in horses, monkey s 
and young pigs (“ cachexie osseuse ”) point 
to osteitis fibrosa as the initial stage of this 
condition and all changes between cystic 
disease of the bones and hypertrophic 
exostosis can be traced in a series of skulls. 

Treatment consists in incising and 
displacing the periosteum and chipping 
away the bony outgrowth with a chisel. 
Early cases, according to Botreau- 
Roussel, yield to intravenous and in- 
tramuscular injections of neosalvarsan, 
four or more injections being necessary 
before improvement is observed. This 
observer operated with success upon 
113 out of 130 cases observed on the 
French Ivory Coast and the reader is 
referred to his monograph (Masson et Cie., 
1925) for further information. 

Periostitis f osteitis and epiphysitis (Pigs. 
100, 101, 102). — Circumscribed painful 
periosteal nodes are frequently found on 
the anterior aspect of the long bones, 
especially the radius, ulna, and tibia. 
The swellings are hot and exquisitely 
tender, and the superjacent skin is tense and stretched. After tlie 
subsidence of the acute stage, hard, firm periosteal nodes remain. 
A diffuse osteitis may result in a sabre-shaped deformity of the long 
bones, especially the tibia and occasionally the arms and fingers. 
A rarefying process is also at work, for such bones are subject to spon- 
toeous fracture with resulting malunion, accidents which are common 
in dfetricts in which yaws is endemic. Haekett, who has studied the sabre- 
^ped tibiae of the aborigines of Australia, believes that syphilis does not 
occur among these peoples, and that the bone lesions are due to yaws. 
Colloquially known as boomerang leg,” the deformity is an antero- 
postericur curvature below the knee with a forward convexity ; occasionally 
there are bosses of localized periostitis. Eadiographs show that areas of 



BONE AND JOINT LESIONS 


613 


rarefaction appear early, and the bone becomes deformed. The appear- 
ances depend upon the severity of the initial lesion and the time which 
has elapsed since the onset of the disease. Other lesions of yaws, including 
gangosa, have been noted in Central and Northern AustraUa. A chronic 
periostitis of the clavicle is frequent in Eiji. These bone changes are 
accompanied by intense rheumatic pains, and have received distinctive 
names, such as “ sasala.” 

Juxta-articular nodules . — Fibrotic tumours situated over the olecranon, 
the lower end of the femur, and in other situations on the long bones, are 
regarded as a tertiary phenomenon of yaws, and Sobernheim has demon- 
strated spirochaetes in them by the silver-impregnation method of Levaditi. 
Formerly they were regarded as constituting a disease sui generis, but those 



Fig. 100. — Distortion of fingers Fig. 101. — ^Tibial periosteal nodes, ulcers, 

in tertiary yaws. and deformity of phalanges in yaws. 

cases which have been investigated invariably give a positive Wassermann 
reaction. Originating subcutaneously, these nodules may reach the size 
of a small orange (Fig. 103). Chambers in Jamaica found these nodules in 
endemic yaws in rural areas and in only nine children under fouiieen years 
of age. Tiny nodules may be felt as early as one to two years after infection, 
but they usually appear after a lapse of 15-40 years. It is also pointed out 
that, when bones lesions are present, the nodules tend to form in their 
vicinity. They are remarkably painless, and very rarely ulcerate or suppu- 
rate. Juxta-articular nodules are generally multiple, usually in the neigh- 
bourhood of the joints, but, according to Steiner, may also occur scattered 
over the body. Similar lesions were first described by Jeanselme in 1899 in 
tertiary syphilis, and since that time the Sjpirochasta 'pallida has been 
isolated from them (Hu and Frazier), while Hudson found the same nodules 
in bejel,” the non- venereal syphilis of the Arabs, among whom they occur 
in 2T per cent, of the adult male population and are known locally as “ rik.” 
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Accordiiig to Frontoynant and Girard, they often contain uric-acid crystals. 
In Africa they are apt to be mistaken for Onchocerca volmhis cysts. 

Skin lesions , — Healing of subcutaneous guminata is frequently followed 
by depigmentation of the skin, resulting in light-coloured or leucodermic 
patches, especially visible in native races. A macular depigmented 
exanthem limited to the hands, wrists, feet and ankles is pathognomonic 
of yaws and was first described by Ziemann as “ melung.” 

TJie radiographic appearances of the bone lesions of yaws in Uganda 

have been intensively studied by 
Hackett. Apart from the absence of 
osteo-chondritis in yaws, there is pro- 
bably no bone lesion that occurs in 
one disease that may not be observed 
in the other. 

Secondary cases show focal rarefac- 
tion in the cortex, periosteal deposits 
in which rarefactions also occur. 
Although in many lesions the bones 
finally return nearly to normal, some- 
times cortical thickening and bone 
expansion result and may lead to 
increased convexity of its anterior 
profile (sabre tibia). 

In secondary bone lesions, and to 
a less extent in tertiary lesions, spon- 
taneous resolution takes place in a 
few months. Next to the tibia the 
ulna is most frequently involved ; 
next in frequency are the hand, and 
lastly the footbones and radius. No 
changes are found in joints. Perios- 
teal deposits indicate active periosti- 
tis : cortical rarefactions and rarefying 
osteititis. Periosteal deposits can be 
regarded as an osteoperiostitis. 

After effects. — Contractions resulting from scar tissue may lead to 
partial ankylosis of joints, in severe cases to the destruction of lymph- 
channels and to the production of elephantiasis in the affected limb. 

Synovitis . — Chronic synovitis, analogous to that of tertiary syphilis 
often associated with bone lesions, and, it may be, with disorganization 
of the joint, has been recorded. 

Ganglmi and other lesions . — The frequency of tenosynovitis and gang- 
lion-formation in the region of the wrist was noted by Graham, Moore, 
and other observers (Fig. 102). These gangha are usually associated with 
tenosynovitis and, as extra proof of their origin, they both respond in a 
remarkable manner to treatment with neosalvarsan and bismuth. 
Stricture of the mouth due to tertiary yaw^ has been recorded. 

The general healiJi . — ^Except during the initial fever, or during one 
of the recurring febrile relapses, the general health is not, as a rule, 
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affected. Occasionally, however, there are debility and cachexia; or 
there may be enlargement and tenderness of the lymphatic glands. 
In other instances rheumatic pains may be very severe. 

Immiiiiity. — After the subsidence of the secondary stage immunity 
is produced, but Sellards and Good- 
pasture demonstrated that this is 
relative only, for they successfully re- 
inoculated with the disease patients who 
had undergone a course of salvarsan 
treatment. Apparently, saturation of 
a community with yaws virus produces 
a relative immunity to syphilis. On 
these grounds may be explained the 
well-authenticated fact that syphilis is 
absent amongst the Polynesians of Fiji, 

Tonga and Samoa, in whom yaws is 
especially prevalent. Formerly Fijians 
were in the habit of inoculating their 
children against yaws to protect them 
from subsequent attacks. As far as 
accurate experiments have gone, im- 
munity in syphilis is acquired much 
earlier than in yaws. Now that yaws 
has been eliminated in Suva and 
surrounding districts, the third genera- 
tion of Fijians reared in these surround- 
ings is now becoming infected with 
syphilis, and the congenital form in 
children has been observed. 

Duration and recurrences.— Yaws 
lasts for weeks or months or years, its 
duration depending on general health, 
idiosyncrasy, hygienic conditions, and 
the treatment. Mild cases in healthy subjects terminate in about six weeks, 
though the average duration of an attack is estimated at about one year. 
In other instances, especially in the debilitated, the disease runs on for 
months, successive crops of eruption being evolved. Sometimes these 
recurrences may stop short at the stage of desquamation, or at the 
papular stage, or they may proceed to the formation of typical yaws. 
They are usually preceded by feverishness, pains in the bones and joints, 
and the successive crops may either be limited and partial in their distribu- 
tion, or general. 

Sequelae. — Contrary to general opinion, Harper in Fiji believed that late 
manifestations of yaws occur as in syphilis and that they produced neurological 
conditions resembling those of locomotor ataxia and general paralysis. Lambert 
recorded in the South Pacific 42 Melanesians and Polynesians who died in Samoa 
of G.P.I. ; furthermore that aneurysmal dilatation and aortic disease were 
comparatively common. 



Fig. 103.— Juxta-articular nodules. 

{Photo ; Dr. Wait.) 
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Chossier, in routine post-mortems in Haiti, found aneurysms and other 
arterial degenerations in chronic yaws, but more recent writers (Blacklock), 
in assessing' the clinical differentiation of jmws and syphilis, have once 
more remarked upon the comparative rarity of visceral and neurological 
lesions of the latter amongst native races. In yaws the Wassermann 
reaction of the cerebrospinal fluid has been generally found negative, 
especially in the tertiary stages. Chesterman emphasized the comparative 
frequency of new grovdhs following yaws and has recorded melanoma, 
implanted upon crab yaws of the foot. 

Mortality. — ^Although in the literature reference is made to deaths 
from yaws, yet, judging from the statistics collected by NichoUs, the 
mortality must be small indeed. 

Diagnosis, — painless, insensitive, larger or smaller, circular, encrusted 
red, granulomatous excrescence occurring in an endemic district is almost 
certainly yaws. The most important point about yaws, both in diagnosis 
and in aetiology, is its relationship to syphilis. Both diseases may occur 
in the same individual (Powell cites two cases, and Charlouis two, of syphilis 
supervening on yaws) ; and antecedent syphilis certainly does not confer 
absolute immunity to yaws, nor antecedent yaws to syphihs. The serum 
in both diseases gives a positive Wassermann reaction. Yaws may die 
out in a community, as in British Guiana (Daniels), yet syphilis remain; 
yaws may be universal in a community, as in the Fijians, Tongans 
and Samoans, and yet true syphilis, whether as an acquired or as a con- 
genital disease, he, until recently, unknown. In yaws, Hutchinson’s 
famous syphilitic triad — the characteristic notched teeth, nerve deafness, 
and interstitial keratitis — are absent. 

Table IX shows the main points of differentiation. 

Table IX 


Yaws 

Not congenital. 

Primary sore — extragenital. 

Secondary stage 

{a) Typical yaw pathognomonic ; for- 
fliraceous desquamation and 
plantar lesions characteristic. 

(&) Mucous membranes not affected. 

(c) Itching common. 

(d) Alopecia unknown. 

(a) Eyes unaffected. 

Tertiary stage 

(a) Visceral lesions absent. 

(5) Nervous system not usually 
affected. 


Syphilis 

Congenital. 

Prirmry sore — usually genital. 
Secondary stage 

(a) Seldom imitates framboesia. 

(b) Mucous membranes affected. 

(c) Itching rare. 

(d) Alopecia may occur. 

(e) Iritis common; choroiditis and 

retinitis rare. 

Tertiary stage 

(a) Visceral lesions occur, e.g,, peri- 
cellular cirrhosis, gumma of 
liver, kidney. 

(fi) Nervous system liable to in- 
fection : tabes,^ G.P.I. 
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Table IX ; continued 

T ertiary stage ’Tertiary stage 

(c) C.S. fluid always negative Wasser- (c) C.S. fluid usually positive Wasser- 

mann (Fischer; Turner, Saun- mann. 

dersand Johnson). 

(d) Blood-vessels : no endothelial pro- (d) Endarteritis obliterans of viscera 

liferation as in syphilis, — cerebral thrombosis. 

Yaws better resisted. Constitutional SyphOis attacks constitution, affect- 
disturbance slight ; great exuberance ing the vital structures, 
of eruption and cheloid scarring. 

Does not respond to mercury. ! Responds well to mercury. 

Secondary yaws may have to be differentiated from bromide rashes. 

Tbeatment 

General measures. — All are agreed on the propriety of endeavouring, 
by good food, tonics and occasional aperients, to improve the general 
health. Most are agreed on the propriety of endeavouring to procure a 
copious eruption by stimulating the functions of the skin — by warm 
demulcent drinks ; by a daily warm bath with plenty of soap ; and, 
during the outcoming of the eruption, by such diaphoretics as Hquor 
ammoniae acetatis and guaiacum. Warm clothing is indicated. In crab 
yaws a local application of 2 per cent, tartar-emetic ointment in vaseline 
is very useful. 

I. Salvarsan, neosalvarsan (Neoarsphenamine^).— Except where 
much bone destruction has taken place, salvarsan, or better stiU its more 
recent and more soluble derivatives, has a curative effect upon yaws in 
every stage of the disease. The most generally used drug at the present 
time is neosalvarsan (neoarsphenamine). It is given intravenously to 
adults, and, if possible, to children; or intramuscularly (04 grm. dissolved 
in oil, into the buttock). The more urgent symptoms yield much more 
rapidly than do those in syphilis, and relapses are not so common. Since 
the introduction of salvarsan the natives of the Congo dislike being treated 
until the secondary rash is well out. For adults the intravenous dose 
advocated is 0*6-0 *9 grm.; for young adults 0*6 grm., for children up to 
ten years of age 0*3 grm., and for children under two j’ears, 0*1 grm. 

The systematic use of neosalvarsan in a yaws community would, if 
thoroughly carried out, promptly get rid of the endemic disease, and, 
wherever possible, it should be enforced. The average time to effect a 
clinical cure is eleven days. In Samoa it has been found necessary to 
give three injections of 0*6 grm. of neosalvarsan, at weekly intervals, for 
an adult male, and appropriately smaller doses for women and children. 
Babies are treated by intramuscular injections. Moss, in San Domingo, 
found that the cure after three injections is permanent. The great 
objection to mass treatment of native populations with the salvarsan 
compounds is their cost. Apparently, mercury and potassium iodide 
have little therapeutic action in yaws of adults as compared with 
syphilis, but in breast-fed children these drugs will cure the infant through 
the mother's milk. 

1 Throughout this account the terms aisphenamine and neoarsphenamine are given as the Anariatn 
equivalents of salvarsan, neosalvarsan, etc. 
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II . Bismuth. — The successful treatment of syphilis by Fournier ^th 
sodium-pot assiuin -bismuth tartrate led to the adoption of a similar 
method in yaws. The considered opinion of workers is that none of the 
many bismuth preparations can be said to take the place of the synthetic 
arsenicals in African yaws and syphilis. The most active form appears to be 
the sodium teira-bismuih tmirate in both secondary and tertiary yaws. 

All preparations act more eiBhcaciously when given in the early stages. 
Injections should be made deep into the subcutaneous fascia, and 
occasionally some induration and abscess-formation may result. When 
treating natives on a large scale, a soluble form of sodium-bismuth tartrate 
(Sohita'^), is preferable. The dose is 0*2 grm. (3 gr.) dissolved in 2 ml. of 
distilled water, 10 per cent, solution, or in oil injected intramuscularly: 
for children up to two years, gr.; from two to eighteen years, 1-2 gr.; 
and for aged persons, l|-2 gr. The generally accepted dosage for an adult 
is 1 J-4 gr. tw’ice weekly with a total dosage of 6-14 gr. Children tolerate 
relatively larger doses than adults. Since 1924, over a million cases have 
been treated in Tanganyika alone by this method. 

In patients with septic mouths, stomatitis and albuminuria are apt 
to ensue as a result of this bismuth treatment. Other toxic effects are 
diarrhcea and skin rashes, while lassitude and articular pam occur in some 
cases. This, and the fact that three or more injections are necessary, have 
been the greatest objections to the general use of bismuth, especially in the 
Solomon Islands and the Congo. On the whole, the toxic effects of bismuth 
are less frequent and are milder than those of mercury and salvarsan. 
In Jamaica, the dioxide of bismuth is preferred, and next in favour is 
the oxychloride. Bismuth salicylate is also used in 10 per cent, suspension 
in olive oil. In Jamaica six to ten treatments are given. 

III. Combined treatment. — Combined neo-hismuth treatment is 
effective. By combining bismuth and neosalvarsan (neoarsphenamine), 
in alternating weekly injections, the chances of severe reactions are reduced. 
Neosalvarsan is given intravenously and bismuth intramuscularly, 

IV. Arsenical preparations given by the mouth.— StouarsoZ 
is given in 1 grm. doses daily, increasing to 1^, 2, and 3 grm. on successive 
days for adults; |-1 grm. for children. After a total of 8-15 grm., accord- 
ing to van den Branden and Lefrou, the Wassermann reaction becomes 
negative. Chesterman considered three courses necessary to effect a cure, 
but found that he could give in stovarsol ten times the corresponding 
dose of neosalvarsan. One objection to stovarsol is that the full course 
may be more expensive than injections of salvarsan. Halarsol, in intra- 
venous and intramuscular injections, in doses of OT25-0-25 grm. for three 
doses at three- to four-day intervals, has been proved on the Congo to be 
efficacious in aU stages of yaws. The minimal toxic dose is 4*5 mgm. 
per kilo. 

V. Penicillin. — ^As first established by Lourie and CoUier (1943) 
penicillin has a remarkable specific action on the syphilis spirochsete and 
this knowledge has been used in the treatment of yaws, where, as far as 

^ Tills pjrepsratjon {s qth the market by Howards & Sons Ltd. 
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can be at present ascertained, the results of penicillin are even more satis- 
factory and are readily appreciated by the native population. A number of 
papers have appeared in the last eight years, mostly by American workers 
in the Pacific war zone. The results are most striking in the primary 
and secondaiT stages. Thus "WTiitehill and Austrian (1944) described the 
treatment of 41 primary and secondary cases in Fijians, in whom spiro- 
chaetes were demonstrated by dark-ground illumination. Thirty were 
under fifteen years of age. Penicillin was injected intramuscularly in 
doses of 15,000-30,000 units at intervals of 3-4 hours to a total dosage of 
100,000-2,400,000 units. All lesions were completely healed in three 
weeks and spirochsetes disappeared from the lesions after 16 hours. 
Lofgren (1944) reported a ease in a European who received IJ mega units 
and by the twelfth day all lesions had healed. Findlay, Hill and Mac- 
pherson had a similar experience in West Africa and witnessed complete 
healing of a primary yaw^ in 64 days. Further reports show a remarkable 
agreement, such as those of Tompsett, Kauer, and Guimaraes. From 
South America confirmatory evidence is forthcoming, but with smaller 
doses. In seven patients all external evidence of yaws disappeared 
hetw^een the twelfth and forty-fourth days of treatment and serological 
reactions became negative on the sixtieth day (da Cunha, Leao and 
Guimarses, 1945). Flock and de Lajudie now give 100,000 Oxford units 
of sodium penicillin in sterile olive oil by intramuscular injection in the 
secondary stage. The individual dosage is 1 ml. of oily suspension con- 
taining 10,000-15,000 units daily for seven days or longer. 

Procaine penicillin is superior because it is slowly absorbed, and there- 
fore injections can be made much less frequently. By this method 
adequate serum concentration can be maintained above 0*03 units per ml. 
for a period of 72-96 hours. Procaine penicillin is given in arachis oil, 
jelled with 2 per cent, aluminium monostearate in the following schedule: 
on the first day injection of 4 ml. procaine penicillin (1*2 mega units), then 
one daily for six additional days, or 2 ml. twice a week for three weeks. 
Tavares (1950) in Brazil finds this method much superior to arsenicals in 
75 cases, and 40 w^ere cured in an average of 27*12 days; average total 
dosage was 3 mega units. Spirochaetes were not found six days after 
commencement of treatment. Penicillin aluminium monostearate (P.A.M.) 
is the preparation recommended by W.H.O. (1953). 

YI. Other antibiotics. — Chloromycetin (chloramphenicol) has proved 
satisfactory (Findlay and Ampofo). Aureomyein also is effective in 
cases resistant to penicillin (Lins, 1950) in doses of 0*75-1*5 grm. for 
8-4 days in children. For adults 2 grm. is given daily for five consecutive 
days. Terramyein (Loughlin and Joseph, 1951) in the treatment of 
tertiary yaws is even more effective than procaine penicillin in the 
following dosage: 3 grm. on first ; 2 grm. on second and third days 
(total 7 grm.). Sixty-five cases were observed for two months on 
terramycin by the mouth. Clinical cure is effected in 6-16 days. In 
over 80 per cent, spirochaetes could not be demonstrated 48 hours after 
treatment had commenced. Wet secondary plantar lesions were healed 
in 11 days. 
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Prophylaxis resolres itself into the adoption of measures to prevent 
contagion. These are the isolation and segregation of the affected ; the 
dressing "a ri'l u'eatiueiii of -n-ounds in the hitherto unaffected ; the appliea- 
tion'* >ranti;ept;c ointments to yaws sores, so as to obviate the diffusion 
of spirricTi fetes liv flies ; the purifjnng or destruction by fire of houses or 
hilts not oriously 'infected ; the prevention of pollution of bathing-water by 
raws* discharges ; and, especially, the prompt treatment of the infected 
i>T salvarsan, bismuth, penicillin or terramycin. 



CHAPTER XXXVI 


MYCETOMA, BLASTOMYCOSIS AND OTHER FUNGOUS 
INFECTIONS 

Synonyms. — Madura Foot ; Pseudactinomycosis ; Maduromycosis. 

Definition. — A fungous disease of warm climates, affecting principally 
the foot, occasionally the hand, rarely the internal organs or other parts 
of the body. It is characterized by enlargement and deformity of the part ; 
an oily degeneration and general fusion of the affected tissues. The disease 
runs a slow course, is never recovered from spontaneously, a]id, unless 
removed, terminates after many years in death from exhaustion. 

Geographical distribution. — In India, mycetoma is endemic in 
widely scattered districts, although whole pro^mces, as that of Lower 
Bengal, enjoy an almost complete immunity. It appears to be acquired 
only in rural districts, the inhabitants of the towns being exempt. Among 
the more afficted districts may be mentioned Madura — Whence the name 
“ Madura foot. ” by which mycetoma is often known — Delhi, various places 
in the Punjab, Kashmir and Rajputana. In recent years we have had 
accounts of its occurrence with some degree of frequency in Senegambia, 
Somaliland, Aden, Algeria, Egypt, the Sudan, Madagascar, Cochin- 
China, Italy, the United States, and South America. 

.Etiology. — The following varieties have been described: — 

i. AcnNOMYcoTic Mycjbtoma 

Caused by the ray-fongus, Actinomyces hmis (Harz, 1877). Actinomycosis has 
a world-wide distribution and is a common disease of cattle. It destroys bone 
by erosion and spares only nerves and tendons. The pus from the affected region 
contains small yellowish granules (“ sulphur grains ”) of irregular shape, attaining 
at most 0-75 mm. in diameter. They are soft and consist of an inextricable 
felted mass of mycelium. The threads are radially arranged at the periphery of 
the grain, and their free extremity widens into a bulbous, club -like termination 
(10-20 fjL long by 8-10 p, wide). These clubbed ends have been looked upon by 
several authors as forms of degeneration. 

ii. Vii^oent’s White Mycetoma 

Caused by Actinomyces niaduroB (Vincent, 1894). This kind of mycetoma is 
common and widely distributed. It has been observed in Algeria, in Abyssinia, 
in Somaliland, in Cyprus, in India, in Argentina, and in Cuba. 

Unlike A. hovis and other mycetoma-producing fungi it does not destroy 
bone, and does not seem to act directly on the general health of the patient, 
though ultimately and indirectly it may bring about cachexia. 

ili. Nicolle’s White Mycetoma 

Caused by Aspergillus niduhns (Eidam, 1883). So far, only a few cases have 
been observed, by NicoUe and Pinoy, in Tunis, but probably it occurs in many 
places, the parasite A. nididans being widely distributed. Primary infection 
probably takes place from barley grain. The grams formed by this togus may 
also attain the size of a pea, but they differ from those of Actinomyces rmdurm^ 
inasmuch as they are more or less spherical and present a smooth surface. 
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iv. Bou^fabd’s Black Mycetoma 

Caused Aspergillus boujfardi (Brumpt, 1906). The grains are quite charac- 
teristic. They are black and vary in size from a pin’s head to that of No. 1 shot. 
They present a mulberry-like surface which is smooth and glossy, the structure 
consisting of a coiled-up mass. The fungus has not been cultivated. 

V. Carter’s Black Mycetoma 

Caused by Madurella mycetomi (Laveran, 1902). This mycetoma has a very 
wide distribution. It has been observed in Italy, in Africa (Senegal, French 
Sudan), and in India. 

The grain formed by Madurella mycetomi is dark-browui or black. It measures 
1 to 2 mm. in diameter, is hard and brittle ; its surface is irregular and frequently 
presents pointed eminences which differentiate it from the larger and smooth 
grains of Aspergillus bouffardi. The grain is composed of white threads, always 
over 1 (X in diameter and attaining at times S to 10 [x, which secrete a dark-brown 
substance that cements them together. 

vi. Brumpt’s White Mycetoma 

Caused by Indiella mansoni (Brumpt, 1906). This form was described from a 
specimen of Indian origin in the museum of the London School of Hygiene and 
Tropical Medicine. 

The grains peculiar to this form are hard, white, and very small, varying in 
size between J and J mm., and having a lenticular shape. Some are bean-shaped 
and flat. To study their structure it is necessary to boil them first in a solution 
of caustic potash. The hjrphal threads are large and closely set, but without 
any cementing substance between them. The periphery of the grain contains 
numerous large chlamydospores having thick walls and being full of protoplasm. 

vii. Reynier’s White Mycetoma 

Caused by Indiella reynieri (Brumpt, 1906), originally described by Beynier 
from a specimen in Paris ; a second case has been recorded from Greece, 

The grains may attain 1 mm. in diameter ; they are soft, white, and consist 
of a coiled-up strand which gives them a peculiar appearance resembling the 
excrement of earthworms. 

viii. Bottffard’s White Mycetoma 

Caused by Actinomyces somaliensis (Brumpt, 1906). Bouffard has found it 
twice in SomaUland, and it occurs in the Sudan and in South Africa. 

A. somaliensis is a most destructive fungus. In a foot examined by Brumpt 
aU the muscles, tendons, and bones had been replaced by sclerosed tissues, more 
or less homogeneous, presenting numerous sinuses full of yellowish grains clustered 
together like fish-roe, and many small inflammatory nodules containing one or 
more grains. 

It is necessary to add that the numerous fungi which have been isolated fall 
into three classes : schizomycetes, ascomycetes and fungi imperfect!. In the 
former group several species of the genus Nocardia are found. These are the 
aerobic forms of actinomyces. In the second the genera Allescheria, Aspergillus 
and Pemicillium are found and in the fungi imperfecti Madurella, Indidla, Cephalo- 
sporium, Monosporium and Glenospora. 

Culture* — Cultures can be made, as in actinomycosis, both under aerobic 
and anaerobic conditions on glucose or glycerol-agar plates, in shake cultures 
or in Loeffler’s serum. Some workers recommend keeping cultures in an atmo- 
sphere of COa. The medium should be inoculated directly with colonies from the 
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pus but, owing to slow growi;b of the actinomyces, pure cultures are somewhat 
difficult to obtain, unless the pus is free from contamination with other organisms. 

Pathology. — On cutting into a mycetoraatous foot or hand the knife passes 
readily through the mass, exposing a section with an oily, greasy surface, in 
which the anatomical elements in many places are unrecognizable, being, as it 
were, fused together, forming a pale, greyish-yellow mass. The bones have in 
parts entirely disappeared ; where their remains can still be made out, the can- 
cellated structure is very friable, thinned, opened out, and infiltrated with 
oleaginous material. Of all the structures, the tendons and fasciae seem to be 
the most resistant. 

The most remarkable feature revealed by section is a network of sinuses and 
communicating cyst-like cavities of various dimensions, from a mere speck to a 



Fig. 104. — Mycetoma of about two years’ standing. (After Legrain.) 


cavity an inch or more in diameter. Sinnses and cysts are occupied by a material 
unlike anything else in human morbid anatomy. In the black varieties this 
material consists of a blaek or dark-brown, firm, friable substance which, in 
many places, stuffs the sinuses and cysts ; manifestly it is from this that the 
black particles in the discharge are derived. In the white varieties the sinuses 
and cysts are also more or less filled with a white or yellowish roe-like substance, 
evidently an aggregation of particles identical with those escaping in the corre- 
simnding discharge. In the very rare red variety the colour of the accretions is 
red or pink. 

Under the microscope the mycotic elements can be readily recognized in the 
concretions. In microscopic sections of the tissues, evidences of extensive 
degenerative changes, the result of a chronic inflammatory process, can be made 
out. An important feature is a sort of arteritis obliterans, or extensive prolifera- 
tion of the endothelium of the arteries, and, according to Vincent, a thickening 
of the adventitia of the vessels as well as of the capillaries in the more affected 
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Symptoms —^iTcetoma begins usually, though by no means invariably, 
on the sole of the foot. The first indication is the slow formation of a small, 
firm, rounded, somewhat hemispherical, slightly discoloured, painless 
swelling, perhaps about ^ in. in diameter. After a month or rather more, 
this sw'ellmg may soften and rupture, discharging a peculiar viscid, syrupy- 
looking, oily, slightly puralent, sometimes blood-streaked fluid holding in 
suspension certain minute, rounded, greyish or yellowish particles, often 
compared to gi’ains of fish-roe. In other examples of the disease the 
particles in the discharge are black, having the size and appearance of 
grains of coarse gunpowder. Sometimes these are aggregated into larger 
masses up to the size of a pea. In time, additional sw'eUings, some of which 
break down and form similar sinuses, appear in the neighbourhood of the 



Fig, 105. — Section of a Madura foot. (T, E. Lewis.) 


first, or elsewhere about the foot (Kg. 104). The sinuses are mostly per- 
manent, healing up only in a very few instances. Gradually, the bulk of 
the foot increases to perhaps two or three times its normal volume (Fig. 105). 
There is comparatively little lengthem“ng, but there is a general increase in 
thickness, so that in time the mass comes to assume an ovoid form, the sole 
becoming convex, the sides rounded and the anatomical points obliterated. 
The toes may be forced apart, bent upwards at the tarso-phalangeal joints, 
or otherwise misdirected, so that when the foot is placed on the ground the 
toes do not touch it. The surface of the skin is roughened by a number of 
larger or smaller, firmer or softer hemispherical elevations, in some of which 
the orifices of the numerous sinuses open. 

The discharge from the sinuses differs in amount in different cases, and 
from time to time in the same case ; whether profuse or scanty, it always 
e^ibits the same oily, mucoid, slightly purulent appearance, and may 
stink abominably. With a very few exceptions it contains either the grey 
or the black grains, rarely reddish or pink ones. 

As the f(wt enl^ges, the leg atrophies from disuse ; so that in th 
advanced disease an enormously enlarged and mis-shapen foot, flexed oe 
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extended, is attached to an attenuated leg consisting of little more than skin 
and bone. In some cases the tibia or bones of the forearm are involved : 
in others the disease at first may be confined to a toe, or a finger, or other 
limited area. In a very few instances the seat of the disease is the knee, 
thigh, jaw, or neck. Unless the case be one of actinomycosis, the internal 
organs are never implicated, either primarily or secondarily. The lymphatic 
glands, likewise, although they may show adenitis from secondary septic 
infection, are very rarely involved. 

After ten or twenty years the patient dies, worn out by the continued 
drain, or carried off more suddenly by diarrhoea or other intercurrent 
disease. 

Treatment. — The only effective treatment is amputation, well above 
the seat of the disease; for the long bones may be implicated, as well as 
the small, and unless the entire disease be removed, it will recur in the 
stump. Complete removal is not followed by relapse. If a toe, or a small 
portion of the foot or hand, is alone involved, this may be excised. 
Potassium iodide in large doses has been found beneficial in certain forms. 

Buchanan recommended surgical removal of as ranch diseased tissue as 
can be conveniently reached. Then tincture of iodine should be injected 
into any suspicious area remaining, in the hope that the surviving elements 
will be killed ; therefore 1-2 ml. of tincture of iodine should be injected every 
ten days for at least two months. At first, the local reaction is not severe, 
but later it becomes so. Probably a less irritating solution, such as Lugol’s, 
would be better. 

Potassium iodide should be given by the mouth in large doses over a 
considerable period, and there are those who think that the French tincture 
of iodine is more effective, if administered in frequent doses of 2 drops in 
milk. Sulphonamides — sulphapyridine and sulphathiazole — ^in fuU doses 
have been found effective in Madura foot (Hollenbeck and Turnoff, 1948 ; 
Billington, 1944). The action of penicillin on actinomycosis has led to its 
application in Madura foot. Although genuine cures have been reported 
by Lehman, Herrel, Jones, Walker and Hamilton (1945) in doses of 
lJ-2 mega units, Dostrovsky and Sagher (1948) found that it had no 
action in their case. Streptomycin is probably better than penicillin, 
although data are lacking. 

Chroinoblastomycosis,“ Mossy foot ” (Fig. 106).— The name is misleading 
because the organisms do not form buds in tissue or culture. A papillomatous 
condition of the legs and feet first described by W. Thomas in the Amazon Valley, 
Brazil, but now reported from Honduras, North, East and South Africa, South 
America, Porto Rico, Southern United States, Dutch East Indies, Japan, South 
Russia, Rhodesia and Queensland. 

The disease is caused by Phialophora verriLCosa (Thaxter, 1915). The organism 
has also been named P. pedrosoi (syn. Harrnodendrum pedrosoi), Fonsecceapedrosoi 
and P. compactum (syn. H. compactum). These fungi develop greyish-green 
to ‘olive-green velutine colonies, becoming black and glabrous with age. P. 
vemwosa is characterized by spores borne on a flask-shaped cell (phialide) 
with a cup-shaped extremity, and the other two species by a hormodendnim-like 
sporiferous apparatus and sometimes by the form acrothecium. Species of 
Phicdopkora have been found growing saprophytically on forest timber. 

The foot and ankles— usually of males engaged in agriculture— are covered 
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with wai-t}' out^ro^vths resembling barnacles, which are vascular and sometimes 
painful, a process which may take 15 years. They are usually papillomatous, 
but occasionally pedunculated. The sole of the foot usually escapes. It 
claimed that the disease can be inoculated into the nose of rabbits, producing 
a verrucoid mass. 

The diagnosis is established by demonstration in sections of a tuberculoid 
t3T)e of reaction with rounded brown bodies resembKng yeast cells, which multiply 
by splitting, not by budding. The best treatment is actual cautery. Mossy 



Fig. 106.— Chromoblastomycosis of feet in a European. 

{Dr, L. A. Leon, Quito, Ecuador.) 

foot has to be distinguished from “ lymphostatic verrucosis ” described by 
Loewenthal and Manuwa (1935) from Uganda and Nigeria. This is a papillo- 
matous condition of the soles of the feet, resembling minute mussels. The 
essential pathology is due to lymph statis, chronic oedema and hyperkeratosis. 

Goccidioidomycosis is probably the most infectious of systemic mycoses 
and the majority of individuals who live in the endemic areas acquire the infection. 

The organism Cocddioidea immitis appears as a non-budding, spherical thiek- 
walled structure, 20-80 ijl in diameter, which is filled with numerous endosporea 
(2^ ft). In cultures the fungus reproduces by these endospores which are freed 
by rupture of the cell walls. The colonies are flat and greyish, with aerial hyphse 
which are septate and branching with spherical arthrospores. The disease 
occurs in South-West United States, in California, also in Texas, Arizona and 
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Xew Mexico. Only about six cases have been seen in South America, and a 
few from Hawaii, Italy and South-East Europe. It may result in (1) primary 
coccidioidomycosis, a benign, self-limited respiratory disease ; (2) progressiye, 
a chronic, malignant, disseminated disease, involying cutaneous, subcutaneous, 
visceral and osseous tissues (Fig. 107). 

The greatest endemic focus is the San Joaquin Valley, where some six thousand 
cases in U.S. Army were diagnosed during the recent war, and skin tests have 
showTi that 75 to 97 per cent, of children react positively to coccidioidin. Man 
acquires infection from an extraneous source, but it is found naturally in cattle, 
sheep and dogs. Possibly, rodents form a reservoir of infection. 

In the primary preliminary form, “ Valley or Desert Fever," the organisms 
are inhaled vith dust. Many are subchnical. There is a pneumonic type of 
infiltration, accompanied by skin lesions resembling erjThema multiforme or 



Fig. 107 . — Coccidioides immitis in necrotic liver, 
(Dr. Oscar Fdsenfeld, Chicago.) 


erythema nodosum, with pronounced eosinophilia. In SO per cent, changes in 
the Itmgs are demonstrated by X-rays as soft, fuzzy thickenings. Nodular 
lesions in the lung parenchyma measure 2-3 cm. in diameter. 

Non-pulmonary primary coccidioidomycosis occurs on exposed surfaces and 
is known as coccidioidal granuloma, or Posada’s disease, beginning as a solid 
nodule with pink or dusty red discolouration of the skin. The lesion ulcerates, 
exuding pus in which the organisms can be found. After a few weeks the nodules 
become papillomatous. The scrofiilodermic type involves the superficial cervical 
glands. In progressive coccidioidomycosis it occurs in 0-2 per cent, of cases of 
primary infection and develops into fatal form. The symptoms and signs 
resemble chronic tuberculosis. Meningitis is foimd at autopsy in 25 per cent. 

Treatment is expectant and the progress is excellent in primary cases, good in 
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the cutaneous, but bad in the internal and meningitic. ^ In patients diagnosed by 
coccidioidin improvement is accelerated by potassium iodide. 

North American Blastomycosis or Gilchrist’s Disease.— 
dermatitidid appears in the tissues as a round, budding, yeast-like fungus and 
produces aerial h\T;)hse on Sabouraud’s medium, which distinguishes it from 
cryptococcosis. Nearly aU cases reported are in U.S.A., with a few in Canada 
and England. Xatura'l infection has been found in dogs. There are tw'o main 
t;-pes — systemic and cutaneous. The former commences in the lungs from 
inhalation infection and resembles tuberculosis. The latter causes ulcers of 
gummatous type on face, neck, hands, arms and feet. Bone infections occur in 
60 per cent, and lesions of the C.N.S. in 30 per cent. In X-rays the striking, 
feature is enlargement of the mediastinal glands. 

Diagnosis is made from biopsy w'hich shows extraordinary hypertrophy of the 
epidermis and from abscesses which show yeast-like organisms wdth double con- 
tour, 8-15 /X in diameter. 

There is also an intradermal test with injection of 0-1 ml. standardized heat- 
killed vaccine of B. dermatitidis. Treatment is with potassium iodide by the 
mouth in the systemic form and by sodium sulphapyn^idine injections in oily 
emulsion, or sodium propionate 10 per cent, in 25 per cent, propylaleohol. 
X-ray therapy is also useful, but dangerous if there- is a co-existent underlying 
tuberculous focus. 

South American Blastomycosis (Lutz — Splendore de Almeida Disease) 
{B, hrasiliensis) is confined to South America. The fungus in tissues resembles 
B. dermatitidis, but is distinguished by its multiple budding forms. There is 
usually enlargement of lymphatic glands. (1) The cutaneous form is character- 
ized by cutaneous and mucosal lesions, particularly in region of mouth and nose. 
(2) The lymphatic type. (3) The visceral form, with lesions in liver, spleen, etc, 
(4) IVIixed type. 

Diagnosis. — Complement-fixation tests have been perfected. B, hrasiliensis 
{Paracoccidiodes hrasiliensis) resembles fungi which belong to the class — Phyco- 
mycetes. Reproduction by simultaneous, multiple buds from aU parts of its 
surface is a characteristic feature in parasitic life and in cultures vegetating in the 
yeast-like form at 37° C. (Mackinnon, 1949). 

Treatment. — ^Lacaz (1950) has outlined the treatment which, he thinks, can 
be applied to aU forms of blastomycosis. Sulphadiazine as suggested by Quiroga 
(1949) and de Barros (1950) is used in solid form to ensure slower absorption. 
The dosage, 1 grm. by mouth every six hours, with a blood level of 1*1 mgm. 
per 100 ml. suffices. 

Combined sulphadiazine and sulphamerazine can be given in doses of 0*5 grm. 
each by mouth every 3-4 hours. In all cases chemotherapy must be supple- 
mented by dietetic management and by specific vaccine therapy. The effects of 
sulphonamides is fungistatic, not fungicidal. The best results are obtained in 
cutaneous, mucous and pulmonary forms of the disease. Glandular t 3 rpes are 
more resistant. 

Sporotrichosis. — This has been reported from’ Southern France, 
Southern U.S.A., South America, and South Africa, where it is common amongst 
the miners of Witwatersrand. It produces gumma-like sweUings in limbs or trunk, 
which enlarge and ultimately break down, leaving deep ulcers, due to organisms, 
Sporotrichm, (Bhinockcdium) heurmanni, or S, sckenchi — ^which usually exist 
saprc^hyticaHy — ^gain entrance to the body through an abrasion of the skin 
or oesophagus. Occasionally they may be demonstrated in the blood; the 
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lymphatics, eye, oral cavity, periosteum, muscles, or viscera may become involved. 
In the discharges and tissues the parasites are scanty, so that the mycotic nature 
of the disease can only be made out from cultures. The lesions are granulomatous 
with epithelioid and giant cells. Individual cigar-shaped yeast-like parasitic 
elements are often found engulfed by phagocytes. Benham and Kesten 
isolated the organism from linear nodules in the arm, and reproduced the 
lymphatic type of infection in a monkey. Inoculation of white rats produced 
typical orchitis. In man infection max be caused by a thorn prick or other 
injury. 

Pijper and PuUinger (1927) recorded 14 cases in native miners on the South 
African Rand. They distinguished a primary sore in the form of a localized 
ulceration on a finger, or the shin. Ten of the fourteen cases had the lesions 
confined to one arm ; the others were on the shin, with lesions extending as 
high as the buttock. Incision of the nodules in the paths of the lymphatics 
produced pus or serous fluid. More recently Du Toit has reported one outbreak 
in the Rand nines involving G50 cases in one mine shaft alone. 

Sporoirichum heurmanni can be isolated from the tissues by aspiration and 
insemination on to Sabouraud’s medium. The parasite occurs in wild rats in 
Argentina and Brazil, while a similar disease, apt to be mistaken for epizootic 
lymphangitis, occurs in horses and mules in Madagascar (Carougeau). 

It appears to be a common parasite in nature, and (1933) Benham and Kesten 
have transmitted the human parasite to carnations, in which it produces a 

bud rot ” similar to that caused by a natural parasite, S. poT. Potassium 
iodide in large doses is specific for this infection. 

Hemsporosis (Hemispora steUata) is a disease like sporotrichosis reported 
from Italy, and is characterized by granulomatous growths resembling syphilis 
or tuberc^osis. Occasionally bones are affected. 

Torulosis (or cryptococcosis). — ^This gives rise to grave lesions of the pulmon- 
ary and nervous systems, and local tumours of a peculiar consistency containing 
round cells surrounded by a gelatinous substance secreted by the organism. 
It is found especially in California, but has also been reported from Europe, 
India, Australia, Japan, Canada, Central and South America. The parasite, 
which has been especially studied by Kessel, is known as Torulopsis histolytica 
or Cryptococciis neoformans. The yeast-like cells are usually found in the cerebro- 
spinal fluid. Experimental infections are easily produced in rats and mice by 
intraperitoneal injection, generalized lesions being found in lungs, liver, spleen, 
kidneys and brain. The cutaneous form — “ Busse- Buschke’s disease ” or 

European blastomycosis ” — may precede or follow systemic infection. It is 
characterized by acneiform lesions and subcutaneous nodules. In the generalized 
form there is invasion of the central nervous system, less often of the lungs, liver, 
spleen and joints, especially the knee, it closely simulates tuberculosis. This 
disease appears to be incurable. The diagnosis is usually made by cerebxo-spinal 
puncture. The protein content and globulins are raised, as in other forms of 
meningitis ; the sugar content is lowered and chlorides reduced. A localized 
rounded tumour, or toruloma, has been found in the cerebellum (Daniel and 
colleagues, 1949)^. 

T. histolytica is a primitive form of yeast cell, thick- walled, 5-20 /x in diameter ; 
it multiplies by gemmation, does not produce endosjwres or mycelium, and can 
be cultrired in glucose broth or on Sabouraud’s medium. The colonies are 
honey-coloured and semi-fluid in contrast to the glistening white colonies of 
Candida albicans {MonUia albicans), and show no mycelia penetrating into the 

1 Two fatal cases are lepoarfced by Symmers (1953). The first in an ex-service man from Burma, 
resembling Hodgkin’s disease- Death resulted from a hiemorrhagic granuloma of the brain. The secraid 
was a woman, who lived in London. 
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substratuLLi, as is characteristic of Candida. The individual cells multiply by 
gemiuatioii, no hyphse being observed. The cells exhibit characteristic capsules 
Xo asci are formed. 

The sugar reactions are typical : no acid or gas is produced in arabinose 
dextrose, galactose, inulin, maltose, mannitol, raffinose, sucrose, lactose or 
dextrin. The reaction in milk is alkaline. When it is inoculated intraperitoneallv 
into rats and mice, the animals die in eight to twenty -eight days, and the 
organisms can be recovered from the tissues. Monkeys inoculated intracardially 
develop small nodules on the face, eyelids and ears, containing the organism. 
In some monkeys, however, a generalized torulosis of the brain and spinal 
cord develops. The fungus is widely distributed in nature and has been isolated 
from a number of plants and animals, from milk, as well as from the mouth and 
skin of healthy people, and is said to be susceptible to penicillin treatment. 

Moniliasis is an infection with the ubiquitous thrush fungus, Candida albicans, 
w'hieh may infect the skin and deeper tissues, especially on the perireum and 
around the anus. It may produce also onychia and paronychia. Cutaneous 
infections are best treated with potassium permanganate or 2 per cent, mercuro- 
chrome. 

Histoplasmosis (Reticulo-endothelial cytomycosis). — This was considered to 
be a rare disease, but is becoming increasingly important, and is reported from 
Central and South America, U.S.A., England, Philippines, Indonesia and South 
Africa. Darling (1906) first described it in Panama in a heavy pulmonary infec- 
tion with a yeast-like organism, Histoplasma capsulatum. Cryptococcus capsulatus). 
It is primarily a disease of the reticulo-endothelium and the organism is rarely 
found extracellularly in tissue. Usually it produces a syndrome resembling kala- 
azar, which is always fatal. The organisms enter through the mouth and primarj’- 
lesions on lips, tongue and larynx have been described. In a few cases cutaneous 
ulcers have been seen and enlargement of the lymph glands has been noted, as well 
as intestinal ulceration. Occasionally the first evidence is seen in a lymph gland, 
the knee-joint, or in one of the internal organs. Although the lungs are involved 
in about a quarter of 50 reported cases, pulmonary invasion occurs as part of 
the generalized disease. There is some evidence that the infection may be 
acquired fi'om dogs, as the disease has been found in them, and they are susceptible 
in the laboratory. The majority of cases have so far been in children under 
thirteen years of age and the duration of the. disease is three weeks to eight 
months ; it may occur at any period from three months to eighty years. 
Radiopaphy reveals enlarged hilar glands with peribronchial thickening and 
sometimes nodular lesions. The bone marrow is nearly always infected, resulting 
in a progressive hypochromic ansemia and leucopenia. The diagnosis is usually 
made by biopsy and the organisms are best seen in smears. They have to be 
distinguished from Leishmania donovani, appearing as small oval bodies in the 
mononuclear cells. The organism has been isolated from the pus of otitis media as 
weU as from the knee-joint, endocardium and sputum (Bras). In the majority of 
cases there is emaciation, fever, ansemia, leucopenia, hepato- and splenomegaly. 
Derry, Oard and Wilson (1942) diagnosed this disease in a soldier from India and 
the Sudan who presented features resembling kala-azar, but with submental and 
inguinal abscesses. Duncan has reported on five cases of authentic histo- 
plasmosis in England since 1941. In two there was no evidence of the infection 
having been contracted in this country ; in three it was unquestionably tropical. 
The African species is separable by the presence of larger forms and is known 
as H, duhoisii. 

Recent work by Christie and Peterson appears to indicate that histoplasmosis 
in a beni^ form is very widely distributed, and closely resembles pulmonary 
tuberculosis. This has been effected by the use of an antigen — histoplotsmin — 
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obtained from cultures of H. capsulatum. It is prepared from suspensions of 
the Yeast form of the fungus in broth and, when injected intradermaliy, the 
reactions obtained are similar to those produced by tuberculin. From this it 
appears that pulmonary calcification in pulmonary histoplasmosis is twice as 
great amongst reactors to histoplasmin, as amongst those reacting to tuberculin. 

The organism grows on Sabouraud’s medium at room temperature and on blood 
agar at 37" C. On the former it produces white, cottom', aerial mycelium, turning 
later to buff brown. On the former there are dull white colonies consisting of 
yeast-like cells with fragments of mycelium. They may resemble colonies of 
Staphylococcus albus. Salvin has prepared from the yeast -like forms an antigen 
for coiiipiement-fijcation known as “ Y.P.” An antibiotic from young tomato 
plants — tomatin — is said to be specific for cultures of H. capsulatum (Fontaine). 

Lingua nigra, or black tongue, characterized by hj’pertrophy of the filiform 
papillae, is due to Cryptococcus linguae pilosce, composed of yeast-like cells and 
mycelial elements, which can be cultured on maltose-agar. It is said to be 
curable with nicotinic acid. 



Section V.-DISEASES OF THE CENTRAL 
NERVOUS SYSTEM 


CHAPTEE XXXVII 

NEURASTHENIA IN THE TROPICS 

Psychoneuroses play a considerable part in adding to the burdens of 
life, and are the cause of a proportion of invaliding among European 
officials and business men from the tropics ; more especially from West 
Africa. As a cause of disability, neurasthenia or anxiety psychoneurosis, 
or whatever term may be applied to this real and distressing condition, 
has superseded tropical diseases. Therefore, from the point of view of 
Colonial Administration, neurasthenia is of greater inaportance than the 
majority of the tropical diseases with which this book deals. There is 
nothing peculiar to tropical neurasthenia which differentiates it from 
similar anxiety neuroses in temperate climates. 

When it is considered that, in the figures quoted by Squires, no less than 
45 per cent, of 353 invalidings of Europeans from the tropics were for 
psychological reasons, there is obviously some feature in life under tropical 
conditions which pre-disposes towards this state. Fully developed and 
frank neurasthenia, as seen in its most characteristic form, is more apt to 
develop m a neurotically-disposed individual than in one of a complacent 
and unemotional mental make-up, and it is not always possible to gauge 
with accuracy those individuals in whom tropical neurasthenia mil 
eventually develop. Culpin pointed out that certain persons go to the 
tropics as a flight from the strain of social life at home. 

In an analysis of neurasthenia in West Africa, Rowland Hill (1943) 
found that patients with long-standing conditions of nervous instability 
were made worse by tropical hfe, but in nearly all there was evidence that 
the neurasthenic tendency had been exaggerated by illness acquired in 
the tropics. 

The influence of tropical infections . — ^Tropical infections, especially the 
enervating, debihtatmg, and irritating recurrent relapses of malaria, are 
predisposing factors. The recurrent headaches and fevers encourage patients 
to refer sensations to the cranium, so that they complaia of neurasthenic headache, 
lack of concentration, loss of memory (West Coast Memory), and general dis- 
interestedness in life. Intestinal infections, such as amoebic or bacillary dysentery, 
may promote concentration of thought on the intestinal tract. The patient’s 
attention becomes rivetted on his digestive system, ^ with the result that intro- 
spective psychoneurosis develops. In tMs respect tropical infections do un- 
doubtedly predispose to “ tropical neurasthenia.” But there are other aspects 
of life in the tropics which engender introspection. The heat, the proximity 
to natives who cause annoyance and whose ways and psychology the European 
cannot understand, the duH monotony, the ever-recurring twelve hours of 
daylight alternating with twelve hours of pitchy night, and the abundant 
and vexatious insect Jife ; all act as stimuli which goad to the neurasthenic 
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state. The dulling of the appetite engendered by heat, the unpalatable and un- 
suitable food, the greasy cooking, the abundance of starchy matter, the monotony 
of tinned foodstuffs, together with the comparative absence of essential vitamins, 
all tend to upset the digestive apparatus and to depress the higher psychical 
centres. 

Fear of disease and hypochondriasis are sources of neurasthenia in previously 
healthy and well-balanced people who, after serving in the tropics for long 
periods, have suffered a good deal of illness without much deterioration, but 
with loss of confidence in their ability to stand tropical life. All those who have 
a tendency to anxiety neurosis are made worse by exposure to heat. 

Sleep, — Insomnia, which is the outward manifestation of physical exhaustion, 
and which nearly always appears towards the end of the tour in tropical Africa, 
is usually the fist manifestation of the neurasthenic state, and imperatively 
indicates invaliding to a temperate climate. 

Sexual factors. — Other factors wiU occur to anyone who has lived in isolation 
under tropical conditions. There is the sex factor, which may be potent ; there 
is the social isolation which operates in out-stations ; in others it is excess of 
alcohol, late hours, or living an unaccustomed life attended by native servants — 
all these may upset the mental equilibrium. Then there is, too, the constant 
restraint and watchfulness required to avoid offending against local prejudices, 
and having to live with others who are also in a state of constant exasperation. 

Work and exercise. — ^Probably hard mental and physical work, in moderation, 
act as a bar rather than as a predisposing factor in the development of neuras- 
thenia. Mental occupation tends to divert the mind from self-interest. On the 
other hand, mental pressure or undue stress appears to be less easily tolerated 
in the tropics than at home. Neurasthenia is not a special affliction of Europeans, 
for it is frequently observed. amongst the educated native officials in West Africa, 
Malaya and India, though the proportion is by no means so great as in Europeans. 

Neurasthenia in women. — It is difficult to state the sex incidence of 
neurasthenics ; probably women, with their more highly developed emotional 
centres, are more apt to develop it, granted equal opportunities, than men. 

A tropical climate usually produces certain psychological effects in women. 
Those who become neurasthenic suffer from pelvic pam and discomfort, menorr- 
hagia and toxaemia. Constipation, by favouring pelvic congestion and inflamma- 
tion, and uterine displacements, have also to be considered. 

The effect of the tropical climate on the newly-arrived European woman is at 
first distinctly exhilarating. The appetite is increased and the heat does not 
oppress her at first as it does in succeeding years, and she has a feeling of well- 
being. Menstruation frequently stops for a season. The sense of well-being 
may be so real that risks are taken which more experienced residents avoid, such 
as eating unsuitable food. The long hours that European women spend in 
shaded houses during the heat of the day engender a feeling of lethargy, due to 
extra work thrown on the liver, and want of exercise. 

Childbirth in European women in the tropics is apt to be more difficult and 
laborious than in temperate climates, due very probably to the conditions of 
life ; but even among native women between 30 and 40 per cent, of deaths are 
directly or indirectly connected with parturition. Native women, as a rule, give 
birth with extraordinai^ ease, and only where they have departed from a natural 
mode of life, and are living in seclusion, is parturition difficult. 

The effect of tropical conditions. — ^Tropical life may have a disturbing effect on 
the mentality of even the most healthy and balanced individual. After a year 
or more of constant exposure to heat and humidity, the hours of sleep become 
disturbed, and the nervous system more sensitive to external stimuli. Insomnia 
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may be precipit/ited by certain electrical conditions of the atmosphere, at present 
littie understood, skin conditions, especially prickly heat, and possibly a hyper- 
glycseniia vrhich Dutch investigators in Java ascribe to the climate. Otherwise 
healthy adults often appear “ nervj^ ” and “ excitable,” showing exaggerated 
reflexes and nervous t ditchings of the face and limbs, with increased reflexes 
directly tLe^' return to a temperate c'imate. In the minor states of disturbance 
the fears and stresses disappear the moment cool headwinds are encountered, 
and peaceful and refreshing sleep is enjoyed once more. But transference to his 
home climate does not immediately relieve a fully-developed neurasthenic of his 
fears ; on the contrary, the hum and bustle around him may act as further 
stimuli. 


Symptoms, — The very appearance of the individual betrays his mental state. 
He (or she) is emotional to a degree, so that any sympathetic reference to health 
may provoke a flood of tears. There are others in whom the most profound 
depression reigns, and who may display suicidal tendencies ; these are usually 
associated with intractable insomnia. 

The patient usually complains of a headache confined to the temporal or 
parietal portion of the cranium. There is a sense of increased intracranial 
pressure. Others experience a sinking feeling in the abdomen, indefinite 
abdominal pain, or flatulent dyspepsia. There is usually a mild tachycardia, or 
rather vasomotor instability, with a fall in blood-pressure and a diastohe pressure 
below 80. The reflexes are usually exaggerated, and there may be a false ankle- 
clonus with hyperhidrosis of the palms of the hands and of the feet. 

It has been suggested that the main sjnnptoms are to be ascribed to hyperthy- 
roidism, but the Editor has been unable to find any evidence for this hypothesis. 
With this degree of nervous instability it is not surprising to find divergence of 
the pupils on accommodation (Moebius’ sign) which by some is considered to 
indicate hyperthyroidism. 


Treatment. — ^The main principle in treatment is to remove the patient 
from his immediate surroundings to a temperate climate with congenial com- 
panions. Usually, on arriving in a cool chmate, natural sleep sets in and fears 
and anxieties disappear. The neurasthenic state may be temporary. On the 
other hand the emotional and depressive states should be treated seriously and 
efforts should be made to discover some underlying infection. The Editor has 
on several occasions seen profound neurasthenic symptoms disappear after 
treatment of an underlying unsuspected malaria. If alcohol has been taken in 
excessive amount, it must be cut down, or prohibited altogether. Efforts should 
be made to divert the patient’s attention from himself. Hobbies of all Mnds 
should be encouraged and there is probably no occupation more restful and 
curative than fishing in Scotland or Ireland. 

Tor insomnia, mild hypnotics should be prescribed, such as allonal, luminal, 
or medinal. Sleep may be induced by a hot bath or a cup of Ovaltine. As a 
general sedative a mixture of the following type may be prescribed, to be taken 
three times daily : 


Ammon, brom gr.x (0*648 grm.) 

Spirit, ammon. aromat. . . Tfi^xv (0*888 ml.) 

Syrup, aurant 3i (3*65 ml.) 

Aq. menth. pip. ad . . . gss (14*21 ml.) 

§ss three times a day after meals. 

Prophylaxis. — ^As the main treatment of neurasthenia entails removal 
from immediate surroundings its prevention is difficult. Once marked neuras- 
thenia has developed in a European in the tropics, he should be invalided to a 
temperate climate and his return becomes a matter for anxious consideration. 
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There are cases in which the patient quickly regains his mental equilibrium ; 
lint should the mental depression continue, in spite of the simple methods 
reconiiiiended, then permanent invaliding should be considered. The Editor 
is of opinion that a patient wdth well-marked tropical neurasthenia should never 
be permitted to return, othenmse the old symptoms will reassert themselves 
directh' he arrives in his old haunts, so that after a few months he will be sent 
home again. 



CHAPTEE XXXVIII 


ENCEPHALITIS JAPONICA, OTHER FORMS OF ENCEPHALITIS 
AND ANTERIOR POLIOMYELITIS 

Synonym— Japanese Type B encephalitis. 

Japanese Type B encephalitis is an epidemic encephalomyelitis involving 
the brain and spinal cord ; it is to be distinguished from epidemic en- 
cephaKtis (encephalitis lethargica) by the absence of eye lesions and other 
features to be detailed later, and from the autumn encephalitis described 
by Smorodintseff as occurring in the autumn months in Eastern Siberia. 

Epidemiology and geographical distribution . — Encephalitis 
japonica, as its name imph’es, is well known in Japan, where it apparently has 
occurred in epidemic waves since 1871. In 1928 Kaneko and Aoki made an 
intimate study of the disease and were able to differentiate it from encephalitis 
lethargica and to determine its identity with Encephalitis B. In 1924 a very 
severe epidemic occurred in Japan during a very hot and dry summer season, 
when 7,000 cases were recorded, 'wdth a mortality of nearly 60 per cent. This 
disease spreads rapidly, in a manner more nearly resembling poliomyelitis, 
more commonly and more severely attacking those over fifty years of age, in 
contrast to the relatively mild disease it produces in young people. 

Dming recent years it has also appeared in China, and in the summer of 1938 
there was an epidemic in Peking. Cases have also been recognized in Shanghai, 
Amoy and Tientsin. It is now knovm to have a much wider distribution than 
was at first believed. It has been diagnosed in Korea, Formosa, Ryokyu Islands, 
and in the maritime ELrais. In Japan most of the cases occurred in children, 
but in Pacific Islands, such as Okinawa, it attacked American troops during the 
second world war. It appears to be endemic in natives of Okinawa. Neutralizing 
antibodies were found in the blood of Okinawan horses and goats, but not in 
chickens. 

.Etiology. — ^Kmowledge of the virus of epidemic encephalo-myeUtis comes 
from Kobayashi, Takaki, Nishibe and Hayashi. Credit is due especially to the 
latter for his important researches on its transference to monkeys, in which it 
produces the same histopathological lesions as in man. In America, however, 
white mice have been found more susceptible than monkeys. Webster and 
Fite demonstrated that the virus, which is active in the blood and in the central 
nervous system in the early stages, can be inactivated by convalescent serum. 

The transference of the virus from man to man is by mosquitoes. The foUoving 
species transmit the vims and have been found infected in the field : Culex 
tritceniorhynchus, (7. pipiens var. pallens and Aedes togoL Another Japanese 
aedes, A. esonensis, readily transmits by biting, as do the following North 
American species : A, nigromaculis and A. lateralis. Culex pipiens and C. 
quinquejasciaivs are also capable of transmitting by bite. In Okinawa, however, 
(7. (fatigans) quinquefasciatus did not appear to be the vector. There is also an 
analogy with equine encephalomyelitis, which has been observed in horses as 
well as in man and which is transmitted in this manner. In Japan it occurs in 
the summer and autumn. Perdrau, by using hyperimmune sera, was able to 
demonstrate antigenic relationship between the vims of encephalitis japonica 
and that of St. Louis. The dimensions of the vims particles are estimated 
as between 20 and 30 mp. This virus may be transmitted by blood transfusion. 

Symptomatology. — ^The prodromal symptoms commonly encountered are 
headache, dizzin^, sluggishness, and vomiting. These are followed by psychical 
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disturbances, very often by delusions, but in verj^ severe eases coma ensues, 
ending in death. The psychical signs and symptoms may be entirely absent in 
the mild cases, and (in contrast with encephalitis lethargica) meningeal symptoms 
may predominate. Disturbances of the motor system are characteristic : there 
are clonic contractions of the muscles wliich may end in actual convulsions. 
Fine tremors of individual groups of muscles alternate with attacks of shivering 
and athetoid movements. The whole muscular tone is increased in the extremities 
and in the neck and face, especially the masseter muscles, which results in an 
anxious expression, and ends in trismus making mastication impossible. In 
very advanced cases, encephalomyelitis causes paralysis of the spinal cord, 
but, in direct contrast to encephalitis lethargica, eye symptoms are absent ; nor 
is post-encephalitic Parkinsonism ever observed, though bulbar symptoms, 
resulting in failure of speech and difficulty in swallowing, are quite common 
and, in addition, defects in co-ordination and sometimes even cerebellar dis- 
turbances. Anomalies of superficial and deep tendon reflexes are usually present., 
especially in spastic eases. Salivation and excessive sweating are absent. 

The foregoing description covers only the main features, however ; actually 
the clinical picture is a many-sided one. There is also another aspect to this 
disease in that, though the neurological side dominates the picture, there is a 
secondary affection of the haemopoietic organs, resulting in a secondary anaemia, 
which appears to indicate a generalized infection, rather than a local affection of 
the central nervous system. As a nile, the temperature chart is not characteristic, 
and the course is afebrile. There are cases, however, in which fever is noted for 
five to ten days, and these are followed by sequelae, such as profound neurasthenia. 
The fulminating cases, which are fatal in twenty -four to forty-eight hours, are 
generally pyrexial. It is to be noted that there are no pupElary or eye symptoms, 
and there is no special affection of the bladder or bowels. Usually there is 
at first retention, folio w^ed later by incontinenee. 

Diagnosis. — The main points in differentiation from encephalitis lethargica 
have been noted. The cerebro-spinal fluid shows all grades of inflammatory 
disturbance. Kaneko and Aoki have showm that there is an increase of the 
albumin content from 9 to 350 mgm. per cent. A mouse-protection test or a 
complement-fixation reaction can be used for diagnosis. Differential diagnosis 
has to be made from hunphoeytic choriomeningitis. 

Pathology. — Epidemic encephalomyelitis is characterized by diffuse lesions 
in the brain and spinal cord : these take the form of small white knob -like 
aggregations of cells, composed of microglia intermingled with lymphocytes 
and leucocytes. Here and there ganglion ceDs are also found acutely damaged. 

Treatment. — ^No specific treatment is at present known, but a vaccine made 
from formolized mouse brain has been used by Sabin for the immunization of 
American troops and exposed natives. More than 300,000 persons have been 
given two to three doses of mouse-brain vaccine. The virus has been adapted 
to eggs. 


Murray Valley Encephalitis 

In 1951 an encephalitis allied to, if not identical with, Japanese B. virus, broke 
out in the Murray Valley and X. Victoria in New South Wales. There were 
40 severe eases and 17 deaths. Three strains of virus were isolated from the 
brain by inoculating the chorio-allantoic membrane of fertile hens’ eggs. After 
several egg-passages it was possible to infect mice intracerebrally. Guinea-pigs 
and rabbits are refractory, though they developed neutralizing antibodies and 



688 


ENCEPHALITIS AND POLIOMYELITIS 


gave a positive c<.*riiplement fixation. The clinical picture was clear cut. Head- 
ache, fever and drowsiness were followed by a disordered consciousness. Stiff- 
neck and involuntary' movements, with upper and lower neurone paralysis, were 
followed by c :»r!ia and death. 

The cerebrospinal fluid showed pleoc^dosis with predominantly lymphocytic 
exudate. The brain was generally involved with necrosis of neurones, par- 
tieulariy the thalamus and brain stem. 

In retrospect it is now thought to be the same as the Australian X disease of 
1917-191S. In the sera of wild birds in the Murray Valley there is a high 
incidence of antibodies as in the case of equine and St. Louis encephalitis in 
U.S.A. Horses and dogs (not sheep or cattle) also give evidence of infection. 
The existence of a bird-mite reservoir has been substantiated in America and the 
human infection denotes a spiU-over of virus from its natural avian habitat. 

Russian Spring-Summer Encephalitis 

•A somewhat similar, widespread and fatal form of encephalitis has been 
described and investigated by Pawlowsky and his Russian colleagues in Mongoha 
and Far Eastern territories in the scrubby wastes (Taiga country). It also 
occurs in the Urals, Kareha, the Eastern Ukraine and White Russia in thickly 
wooded valleys and in areas where reafforestation is being carried out. This 
disease has distinct seasonal incidence, and SO per cent, of cases occur in May 
and June. 

.etiology. — This form of encephalitis has been shown to be due to a filterable 
virus transmitted by the bite of a tick (Ixodes persulcatics), in which the virus 
persists, as it is found infective in wild districts uninhabited by man. The vims 
has been isolated from the brains of various species of wild animals indigenous 
to the country, Eutamias asiaticus orientalist Evotomys rufocamus arsenjevi, 
Microtus michnoi pelliceus and Gricetulus furunculus; these therefore constitute a 
reservoir of infection. Seasonal incidence of the disease during May and June 
corresponds with maximum prevalence of Ixodes persulcatus. The infection 
transmitted by bite of the tick is hereditary, and therefore larvae and nymphs 
are also infective. 

Symptomatology- — ^This form of encephalitis has an abmpt onset and runs a 
severe course with steep rise of temperature, severe headache, and vomiting. 
Symptoms of meningeal involvement are followed by signs of focal lesions in 
the central nervous system, paresis and paralysis of upper or lower limbs or 
muscles of the neck or back. Parkinsonism never occurs. The case mortality is 
about 30 per cent. 

The virus can be grown in tissue culture or in developing chick embryo. A 
formolized vaccine is of prophylactic value. Russian observers claim good 
results from immune serum given very early in the disease : 10-15 ml. of serum 
are injected into the spinal canal and 30-50 ml. intramuscularly ; this intra- 
muscudar injection is repeated two or three times at intervals of 24 hours. 

The disease is quite distinct from louping ill transmitted by Ixodes ricinus in 
Great Britain and from Colorado Tick Fever in the United States of America. 
It does not appear to be related to tick-borne fever of sheep or to the Russian 
autumn encephalitis of Siberia. 

St. Louis Encephalitis and Equine Encephalomyelitis 

St. Louis encephalitis is due to a filterable virus (Webster and Fite) which is 
allied to Japanese B. encephalitis and to the West Nile form. The path of 
invasion appears to be from the nasopharynx by way of the olfactory nerve 
apparatus. It appeared in epidemic form in St. Louis in 1933 with a case 
mortality of 20 per cent. The vims particles measure 20-30 my, and it has been 
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cultured on the chorio-allantoic membrane of the chick embrj'o. The virus is 
transmissible to monkeys in which it produces changes in the brain similar to 
those of man and also to mice by intracerebral inoculation. There appears to 
be strong evidence that the mosquito (CuUx farsnlis) can transmit the infection 
(Hammon and colleagues). Equine eneephalomyeb'tis is epidemic in horses and 
resembles the Borna disease of Europe. It has been recognized in U.S.x\., 
Canada and South America, but it differs from the latter in the histological 
structure of the lesions and in the tj"pe of the virus. The epidemics occur in 
late summer and autumn. There are two types : the Western in river valleys, 
and the Eastern in salt marshes in Louisiana. The former is transmitted by 
Culex fat'salis, especially in Argentina, the latter by Aeles cegypti. 

In 1937 there was a large outbreak which caused the death of thousands of 
horses and at the same time a considerable mortality amongst pigeons and 
pheasants. Cases in man have been recognized, especially in Venezuela, where 
several fatal cases have been reported, and which appears to be a different type. 
The virus from the Eastern and Western t\p)e3 can be gro\\Ti on chorio-allantoic 
membrane of chick embryo. 

ACTTE ANTERIOR POLIOMYELITIS 

Synonym. — Infantile Paralysis. 

Epidemiology and geographical distribution. — ^As an endemic infec- 
tion poliomyelitis has been found all over the world. In epidemic form it has been 
reported from N. America, Scandinavia and Australia. In the second World 
War serious outbreaks occurred in ]Malta, St. Helena, ^lauritius and N. Africa, 
but the highest incidence in British troops was in India and in the ^liddle East. 
In Central and S. America outbreaks have been recorded in Argentina, Brazil, 
Colombia, Costa Rica, Ecuador San Salvador, Mexico, Nicaragua, Panama, 
Porto Rico, Uruguay and Venezuela. In the West Indies it is endemic in 
Barbados, Jamaica, Tobago and Trinidad. In Great Britain the average number 
of poliomyelitis and polio-encephalitis cases is about 1,000 annually. It is 
endemic on N. African seaboard, in Egypt, Palestine and Malta. 

In Central Africa it is reported from the Congo, French Equatorial Africa and 
W. Africa, especially in the rainy season. In E. Africa it is found in Kenya, 
Tanganyika and Uganda, and also in the Union of S. Africa, St. Helena and 
Mauritius. It is endemic in India, especially in children ; and in Japan, China, 
Indochina, Malaya (as in Singapore 1945-1946). In Australia epidemics have 
been reported as well as in New Zealand. 

Age and race incidence. — Outbreaks have affected predominantly those 
under 5 years of age. Hence the term '''■ infantile paralysis.”. Those in warm 
climates are held to represent an epidemic flare up ” of an endemic infection. 
A noticeable feature of urban poliomyelitis during the last 30 years in the U.S.A., 
Australia and Scandinavia, has been the greater tendency to involve school 
children, as opposed to the pre-school child, thus resembling measles and 
diphtheria. Adults are not commonly attacked. 

Race. — Certain coloured races seem to be lesss usceptible than white people. 
In the U.S.A. the reported incidence of the latter is 3-4 times as great as that in 
coloured people. In 1945 in Mauritius the Chinese showed the highest incidence. 
In Malta cases occurred in British troops, but not in the Maltese. 

Other considerations. — ^Many observers have referred to a higher incidence 
in country districts than in towns and cities. There is a tendency for cases to 
occur predominantly in summer and autumn in the N. hemisphere and in the 
first four months of the year in the S. hemisphere. In recent years contact 
in the home seems to play an important part in the distribution of poliomyelitis. 
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Familial infections are commoner when exposed children are young than when 
they are over 10. As the vii'us occurs in faeces it is possible that it can gain 
accks to water supplies, so that polluted water has been found to be responsible 
for infection of sporadic cases in I^.S.A., whilst a number of outbreaks have 
been definitely traced to milk. 

,d®tiology. — The poliomyelitis group of viruses are composed of the most 
minute particles yet discovered. 

The tenns — ^human, murine and poreine types — have been proposed by Gard 
(1943). The bulk of the strains are transmissible to monkeys and chimpanzees, 
but cannot be adapted to rodents. One of the most important is the Lansing 
strain of Armstrong isolated in monkeys in 1939. SK strain of Jungeblut and 
Sanders was isolated from the faeces of abortive cases by monkey inoculation. 
This is adapted for mice and has lost its virulence for monkeys. M.E.F.l strain 
was isolated in rhesus monkeys and infects cotton rats and mice. The M.M. 
strain of Jungeblut and Dalldorf (1943), causing paralysis of albino mice, cotton 
rats and hamsters, originated from the brain of a mouse. 

Antigenic relationships in the poliomyelitis group.— Antigenic differ- 
ences have been noted between freshly isolated human strains of the virus 
and those passed for some time in monkeys. Freshly isolated human ^trains 
also varj’- from one to another, but S.K., M.M. and Lansing strains are related. 
After inoculation by any route, monkeys and chimpanzees may suffer from non- 
paralytic attacks, but recover before paralysis sets in. The virus has not been 
detected in blood or urine, but has been frequently isolated from nasopharjmgeal 
mucosa as weU as in tonsils and adenoids, and it may persist for two weeks. 
The virus has been found in the faeces two days after onset and probably all 
cases excrete it during the first week and may continue to do so for 50 days. 

Carriers. — It is now clear that the virus is widely distributed in the 
environment of abortive or paralytic cases. Whilst some contacts develop the 
abortive type, the majority are in good health, but carry the virus for the same 
length of time as do sufferers from poliomyelitis. The majority of positive 
isolations have been from children. Even infant contacts may be healthy 
carriers. Persons harbouring the virus in the nasopharynx may later develop 
poliomyelitis. 

Clinical pathology. — Examination of the cerebrospinal fluid is important, 
especially in the preparalytic stage. The fluid is usually under increased 
pressure and hazy. There is an increase in cell count but the greater number of 
cells is to be found in the first week after the onset of paralysis. There are seldom 
over 100 cells per cmm., composed mostly of lymphocytes, but in the early stages 
polymorphonuclears may constitute 50 per cent, of the total. The total protein 
becomes increased, reaching its maximum in the third week. The colloidal 
gold curve is of the luetic or meningitic type. 

Eehlings solution is always reduced, but there is no significant change in the 
chloride content. There is a blood leucocytosis up to 25,000 per c mm . in the 
paralytic stage and there is usually a 15 per cent, increase in the polymor- 
phonuclears. 

Acute anterior poliomyelitis in man.— Wickman’s work on epidemiology 
( 1907) suggested that the disease was infective. It soon became apparent largely 
by the work of Flexner in America that the pathogenic agent was a filterable 
virus. In a large number of cases bulbar or bulbo-spinal poliomyelitis has 
developed within 7-30’ days of tonsillectomy or adenoidectomy. Tooth extraction 
may precipitate an attack and there is little doubt that pregnancy predisposes 
to it. Inonbation period is 7-10 days with 3-20 days as outside limits. 
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Illness and infection. — ^There may be a transient minor illness at about 
the time of the presumptive date of infection. This is characterized by naso- 
pharjTi^ritis, fever and headache. After 1-2 days the patient recovers and appears 
well for 4-7 days when fever returns and paralysis supervenes. This is termed 
“ dromedary " type of illness. In any epidemic there are likely to be several 
times as many non-paralytic as paralytic cases, especially in those under 16. 
Diagnosis of poliomyelitis in the preparahi:ic stage is difficult. 

F^eparalytic poliomyelitis begins in various ways and fever is usually present 
for 1-4 days. Catarrhal symptoms are common with sore throat, tonsillitis and 
nasopharjTigitis. Frontal headache is frequent, but in other groups the onset 
may be accompanied by gastro-intestinal symptoms. 

Pain is elicited by any effort involving movements of the spine. Stiffness 
in neck and back and resistance to anterior flexion are common. These can be 
tested by pulling forward the head of the child, who then complains of pain, and 
rigidity is experienced by the observer ; but when the shoulders are raised, the 
head usually falls back to the bed. Amoss’, or the tripod sign ” is elicited by 
asking the child to sit straight up in bed, when he will place his hands on the 
bed behind himself for support. Kemig’s sign is often weakly positive — 
muscular tremors, when present, usually heralding the site of forthcoming 
paralysis. The child is usually irritable and restless, but apathy and stupor 
may occur together in some and there may be encephalitic symptoms. 

What are known as Phase I symptoms are thought to be due to involvement 
of the brain stem and basal nuclei. The patient may be drowsy, listless, restless 
or irritable. The sleep rhythm may be inverted. Even at this stage there may 
be changes in the C.S.F. Some cases may not develop any further. In 
Phase II the thalamic and hypothalamic disturbances persist. The virus 
spreads nearer to the cord and symptoms develop owing to involvement of the 
posterior columns. The neck is stiff and rigid. There is muscular ataxia and 
tremor whilst reflexes are increased. Pains may he spontaneous and are due to 
the involvement of the posterior columns and root ganglia : not to meningeal 
irritation. 

Paralytic poliomyelitis. — ^The commonest types are the ordinary or spinal, 
the polio-encephalitic and the bulbar and bulbo-spinal types : cranial nerve 
paralysis has been noted more commonly in some outbreaks. Paralysis is 
flaccid, but the distribution is often asymmetrical, for instance one leg and the 
opposite arm ; the cutaneous sensation is normal, the reflexes are absent in 
the affected limbs. The sphincters are unaffected. Recovery of movement 
may continue for three months. One leg is most commonly affected and next 
one leg and one arm. In lower extremities extensors of hip, knee and dorsi 
flexors" of ankle are most affected, and in upper extremities the muscles of the 
shoulders. The abdominal muscles are but uncommonly affected in young 
children. During the stage of recovery permanent results become obvious, such 
as shortening of the affected limb, and deformities, such as talipes, flexed knees 
and occasionally scoliosis and lordosis. 

Diagnosis. — ^The cerebrospinal fluid should be examined for cell count and 
estimation of protein- If the case is fatal, part of the cord should be retained 
for histological examination and the remainder should be placed in 50 per cent, 
glycerol for subsequent monkey inoculation. During convalescence the serum 
may be examined for the virus (neutralization test). 

Differential diagnosis is important. Abortive poliomyelitis may resemble 
serous and lymphocytic choriomeningitis, simple infections of the upper respiratory 
tract, sandfly, dengue and dengue-like fevers. Many children diagnosed as 
“ meningismus ” are in reality abortive poliomyelitis. 
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Propiiyiaxis. — Xonjkation is practised in almost all countries and non- 
paralytic crimes should be as fully reported as paralytic ones. Patients in wlioni 
the disea.-.e either abortive or paralytic are isolated for three weeks. 

During the epidemic periods gatherings of cliildren should be forbidden. In 
rural areas schools must be closed, but in urban areas it is doubtful whether 
school closure is of any value. Water supplies must be chlorinated. Urine, 
fieces, and soih4 linen must be sterilized by carbolization. Bathing in streams, 
lakes or even in chlorinated water in baths, must be forbidden. 



CHAPTEE XXXIX 

lAtah, running Amok and koro 

Latah, a word signifyiiig “ nervous '' or “ ticklish,” is not uncommon in 
the natives of the Malay Peninsula, Java, and the neighbouring islands. 
It occurs more frequently in wom^n, especially young women, than in men ; 
children are seldom affected ; it rarely appears before puberty and is 
especially common at the menopause. 

A somewhat similar affliction is described among the Ainu people, usually in 
women, and is known as imu. This manifests as psycho-motor attacks pre- 
cipitated by some emotional shock. If a sufferer is startled, she may continue 
to echo everjiihing that is said to her. 

Latah persists for years. The main characteristics of this state are the 
same, though there is considerable variety in the intensity of the symptoms. 
The condition is incurable, shows no tendency to become worse, and does 
not terminate in insanity. 

As the Malays say, an orang Idtah never becomes an orang gila (amok). The 
subjects of “ 14tah ” at first appear to differ in no way from their neighbours 
and relations, but on some sudden and striking impression, such as a loud sound, 
or in response to some overt suggestion by word or deed, they pass into a peculiar 
mental state in which they involimtarily utter certain sounds and execute certain 
movements. In other instances they will imitate words or movements, or yield 
to suggestions from others. During this hypnotic-like state, which may last for 
a few minutes or longer, the victim is at the mercy of his prompter and will 
unerringly follow any lead indicated. Although the manifestations of high 
degrees of lUtah may be followed by exhaustion, or even by swooning, as a rule 
nothing of the kind occurs. The infirmity is usually discovered by accident. 
Swettenham, for instance, used to relate that it was only necessary for anyone 
to attract the attention of these men by the simplest means, such as holding up 
a finger, or calling them by name in a pointed way, touching them, or looking 
them steadfastly in the face, in order to make them lose control of themselves 
and be willing to execute whatever was suggested by a sign. On one occasion, 
one of them, on being told that a roU of matting was his ^e, embraced it with 
every sign of affection ; but when the other latah subject, a policeman, was 
convinced that the same roll was his wife likewise, he too embraced it, and the 
two men fell to the ground struggling for the possession of the “ lady.” 

LUtah folk are favourite subjects for the practical joker, and in a few instances 
they very much object to being made a show of, and may become dangerous, 
Latah seems to be alun to certain emotional stresses which are common in all 
barbarous and semi- civilized countries. 

Abraham has seen the afflicted, if suddenly startled, fall down and imitate the 
gestures of anyone in sight ; for instance, an old lady startled by a bicycle bell, 
wiU instantly imitate the pedalling of the cyclist till exhausted. 

The most profound study of the pathodynamics of Utah from the modem 
psychological aspects has been published by Yap (1952). From this it appears 
that latah reaction is related to “ sleep intoxication ” and the so-called '' startled 
neurosis,” and is to be differentiated from convulsive tics or '' primitive 
hysteria.” A special modifying of personality and the organization of fear in 
persons belonging to cultures of low technological level are suggested. He has 
drawn attention to the resemblance of Utah to the “ jumpers ” or ‘‘ shakers,” 
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a group of religious peoj^le, originating from the Methodist congregation of Wales 
during the time of the evangelist, Whitefield. They practised ritualistic jumping 
and shaking to the accompaniment of incoherent gutturals. 

Unless unforeseen accidents occur, latah is not fatal. Gimlette and others 
have called attention to the medico-legal aspects of the disease. Portunatelv 
examples in which latah has been shown to play a part in crime are rare! 
Temperamentally, all the Malay races are very highly strung and nervous 
although externally impassive, and there appears to be an hereditary tendency 
to the latah state in every Malay. 

Young-dah-hte is a state closely related to li.tah. Mongolian races are pre- 
disposed. Heredity^ does not seem to play any part. It differs from l^tah in 
that the patient continuously remains in the imitative condition and is always 
liable to reactions. 

]Yaf'Win’de is a religious dance with closed eyes and swinging movements. 
It is started by professionals and taken up by others. 

There appears to he a somewhat similar affection amongst the Samoyedes 
which is known as “ Ikota,” and it is believed that the curious epidemics of 
religious ecstasy, which swept over Europe during the Middle Ages, were of 
similar origin. 

Mirzachit is a hypnagogic intoxication seen in Siberia and. has been compared 
to “ Schlaftrunher^eit ” and is practically the same as Ikota. 

Banga is a hysterical affliction in Congo women at puberty. The subject is 
convulsed and rushes about uttering wild cries. 

“Amok” (or running Umok) is a term used somewhat loosely for a 
condition which, in the fully developed form, drives its victims to blind 
fury and to kill without reason. 

Usually the “ took runner (or tooker) has a grievance upon which he 
allows himself to brood, and after a period of sullenness decides to kill the 
suspected person and at the same time to destroy as many other people as 
possible. He therefore arms himself, runs “ amok/’ and buries his hris, 
when out to slay, in friend and foe alike, with the expectation of being killed 
in turn. 

In other cases there may be premonitory signs in which a person mutters and 
has delusions. Quite suddenly he will run “ took ” and after the attack may 
fall into a deep slumber and become comatose. The liability to “amok” 
attacks is greatest in the Malays and their drugs, such as Indian hemp (Cannabis 
indica), are Icnown to be potent predisposing causes of the attack. Van Loon 
found that in Java “ ^mok ” runners are often suffering from some infectious 
disease, and that the symptoms are hallucinations and confusion ; such patients 
are impelled to flight and attack as reactions to imaginary dangers and the agony 
and terror caused thereby. ^ 

“ Koro ” occurs amongst the Macassars and the Buginese in Celebes, and is 
also well known among the Chinese as Shook J ong, originally described by Blonk 
in 1895. The term signifles “ shrivelling, ” and a feeling occurs at regular intervals 
of the penis retracting into the abdomen ; if help is not forthcoming the patient 
dies. In his anxiety, the patient grasps the penis, and if unable to do so, obtains 
assistance from others. It may be days before the attack subsides, and the 
sufferer cannot bear to be left alone. If help be not to hand, he will actually 
tie the penis to his leg with string, anchor it by means of a pin, or may even 
employ a double-bladed clasping instrument known as U teng hok, which is used 
by jewellers. By the native this tendency is regarded as the “ Yin ” principle, 
representing the female power, dominating the “Yang” principle, which 
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represents the male element. In order that a “ Yin disease may be cured, a 
“Yang'’ medicine must be employed. The sufferers are generally neurotics, 
and the anxiety arises out of sexual conflicts. Various patholo,gical conditions, 
such as oedema of the lower abdomen, hernia, Iwdrocele and elephantiasis of the 
scrotum, may evoke fear of an attack. An analogous state, characterized by 
diminution of the genital labia and shrinkage of the breasts, is knoTO to occur 
in women. 



Section VL-TROPICAL VENEREAL DISEASES 


CHAPTER XL 

LYMPHOGRANULOMA VENEREUM 

Synonyms. — Climatic babo ; Lymphopathia venereum; Esthiom^ne; 
Lymphogranuloma inguinale ; Inguinal poradenitis ; Poradenolymphitis ; 
Nicolas-Pavre disease (French). 

Definition. — A generalized virus infection usually transmitted by 
venereal infection and associated with a self-healing primary sore and 
changes in the lymph nodes draining the area where the primary sore is 
situated. In addition to these lesions the virus may give rise to a genito- 
ano-reetal syndrome with inflammatory stricture of the rectum, to 
meningo-encephalitis and to eye-lesions. 

Epidemiology and geographical distribution. — Scheube originally 
applied the term “ climatic bubo ” to a type of adenitis terminating in 
suppuration, not uncommon in tropical countries. Whether it is becoming 
increasingly frequent, or whether because attention has been drawn to its 
peculiar nature in recent years is a moot point, but recently “lympho- 
granuloma ” has emerged from the obscure recesses of textbooks on tropical 
medicine into the full limelight of general medicine, so as to merit the title 
of the “ Sixth Venereal Disease,’' which has been bestowed upon it by 
Stannus. 

In tropical practice the disease is found especially among negroes of 
both sexes, both in W’est Africa and in North and South America. It is 
found, however, in seaports throughout the world. 

In 1913, Durand, Nicolas, and Favre described it in France, and possibly 
the condition long known as the “ strumous bubo ” is the same. 

In 1938 Stannus and Findlay described an indigenous case in England. 
Since then the Editor has seen several more, and recently Anwyl Davies 
discovered three. Now numerous reports of its occurrence in Italy, 
Rumania, Scandinavia, and in fact the whole of Europe, are to hand. 
At certain times and places it appears almost to be epidemic. There seems 
to be no doubt, that, in almost every instance, infection is acquired by 
sexual intercourse, normal or abnormal. 

^ Etiology. — Hellerstrom and Wassen (1930) originally transmitted the 
virus obtained from the pus of inguinal buboes to monkeys, intracerebral 
inoculation producing meningo-encephahtis. The virus, which is apparently 
contained in the leucocytes, consists of minute particles which can be easily 
seen, and were figured by Findlay (1939). They can be stained by 
Victoria blue, Giemsa or Casteheda’s method ; with Giemsa, the larger 
bodies take on a bluish-purple tint, while with Castaneda’s stain they are 
reddish-purple. Larger and smaller forms of the virus particles can be 
demonstrated outside the cells, lying close to cell debris, in compact 
colony-like masses. When they are within cells the elementary bodies 
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mav be found in the cytoplasm of either mononuclear or polymorphonu- 
clear leucocytes. Occasionally, these groups may attain considerable 
size, forming cyst-like spaces ; later, the cyst-wall may rupture. The 
larger forms have been observed in considerable numbers, chiefly within 
twenty-four hours of intracerebral inoculation. There therefore appears to 
be a development cycle of the virus w^hich is complete in forty-eight hours. 
The virus particles, or granules, were first described in cells from inguinal 
buboes by Gay and Prieto in 1927, and similar bodies were found by 
Findlay in 1933. ]\Iiyagawa (1938) finally concluded that they represented 
the virus and gave their measurements as 0-12o-0'175 p., while Findlay, 
Mackenzie and MacCallum showed that they resemble similar bodies 
found in psittacosis by Bedson and Bland in 193*2, larger morula-hke 
particles breaking up to form the small virus or elementary bodies. 

Intraglandular injection of guinea-pigs with the virus produces an inguinal 
bubo in almost every case, so that this method may be employed for diagnosis. 
The most reliable methods at present are Findlay’s intracerebral inoculation of 
white mice, which produces encephalitis, and inoculation into the yolk sac of 
mice. Myagawa found that a chipmunk, Tamias asiaticus, is highly susceptible 
to intratesticular and intracerebral inoculation. The virus can also be cultivated 
on chick chorio-allantoic membrane in tissue culture. Ravaut, Levaditi, 
Lambling, and Cachera devised a method of isolating the virus from ulcerative 
proctitis by inserting a portion of tissue under the skin of a guinea-pig. After 
a few days, the inguinal gland is excised, emulsified and injected intracerebrally 
into a monkey. In inoculated mice a characteristic train of symptoms is evolved 
in five to seventy days, in which weakness, paresis, opisthotonos and convulsions 
occur. The concentration of the virus in the injected mouse brain is not great, 
so that dilutions greater than 1 in 1,000 fail to give positive results. 

A protection test has been devised, by mixing equal parts of serum of the 
lymphogranuloma patient with an emulsion of infected mouse brain, 
diluted 1 in 5 in normal saline, and kept for the night in the ice-chest at 4° C. 
Doses of 0*5 ml. injected intracerebrally do not produce encephalitis. 
The serum of monkeys which have recovered gives the same reaction. 

Pathology. — The essential features of the pathology of the human 
gland consists in little pin-point epithelioid formations scattered aU through 
the gland substance. They are made up of masses of irregularly disposed 
macrophage cells together with some giant cells. Hoppli described 
localized collections of eosinophils. Subsequently tiny micro- or stellate 
abscesses form. 

Symptoms. Prwiary sore , — Durand in 1918, and subsequently Han- 
schell, described a small herpetiform ulcer on the prepuce which heals in a 
few days ; the adenitis proper does not commence until after the primary 
lesion has healed. Hanschell believes that the disease does not usually 
occur in the circumcised. The primary lesion is an erosion with clean 
edges, and is surrounded by a reddened zone, but with only slight infiltra- 
tion and induration. The base of the ulcer is usually 'whitish-grey. 

Adenitis , — The incubation period of adenitis is three to four weeks after 
coitus,but it may be as long as six weeks to two months. The disease generally 
commences with remittent pyrexia, which may precede the actual localizing 
signs, and may be mistaken for typhoid. Soon, subacute inflammatory 
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swellings of the groin glands are noted. The iiaflammation may be unilateral 
or bilateral ; while the oblique glands are most frequently affected; at 
times the crural glands are attacked. Sometimes one groin is affected after 
the other. In well-marked cases, the internal iliac glands, sometimes 
the lumbar glands also, can he felt enlarged and tender on deep palpation. 
Signs of intoxication from absorption may be widespread, producinf^ 
prolonged intermittent or remittent fevers, sometimes even pyrexia of 
103-e5" F. Piigors, vomiting, cyanosis, even slight jaundice, and con- 
siderable pam have ])een noted. Rheumatic-like pains in joints and pain- 
ful effusions into joint cavities may also occur as a result of absorption. 
The affected glands slowly enlarge to the size of a hen’s egg, or even laro“er, 
and after several weeks, it may be months, the swelling gradually subsides 
(Fig. lOSj. Usually, the periglandular connective tissues inflame, and the 



Fig. 108. — Fully developed climatic bubo in right 
groin, showing also small primary lesion on the 
corona penis. {A. H. Walters,) 


integuments become adherent until suppuration ceases. At other times 
fistidous tracks form, and continuously exude a clear sticky fluid. The 
most striking clinical feature in the male is the extensive inflammation of 
the periglandular tissues with comparatively little pain and suppuration. 
The following stages are recognized : — 

(1) A firm solitary gland, with no apparent causative lesion other than a 
recently-healed ulcer on the genitalia. 

(2) A firm solitary gland adherent to overlying skin and deeper tissues. 
Adjacent glands are enlarged, including external iliac glands, palpable as a 
mass above Poupart’s ligament. The affected glands tend to coalesce. 

^ (3) The glands in the groin soften and fluctuate. If incised, a cavity is 
disclosed, trabeculated by coarse, fibrous strands. 

(4) The softened gland-mass ulcerates through the skin, and spontaneous 
fistulation occurs. Secondary infection follows. 

It was formerly believed that lymphogranulomatous adenitis was un- 
known in women (Hanschell, 1926), but it is now becoming recognized that 
typical inguinal poradenitis does occur, though inguinal bubonic mani- 
festations are, on account of the different anatomical disposition of the 
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lymphatic system in the female, comparatively rare ; nevertheless, 
Galloway (1926) recorded his familiarity with typical inguinal buboes in 
Chinese and Japanese prostitutes in Singapore. Most of the cases of 
inguinal buboes in women who have given a positive intradermal test {see 
below') have been reported among prostitutes by French writers, though 
definite e^ddence of the infection of wife by husband has been obtained in 
an Enghsh case under the Editor’s care. 

Estliiomhie and stricture ojihe rectum . — ^Esthiomene is an ulceration of the 
vulva associated with elephantiasis of the labia, formerly thought to be 
tuberculous. Stannus and others now believe that esthiomene is the 
counterpart of lymphogranuloma inguinale in the male. Tt has been 
recorded in all the countries of Europe and America, but there are very 
few references to it among tropical races, though Chesterman on the 
Congo found typical cases amongst the native women, and also saw the 
genito-ano-rectal syndrome there. Gray and Yieh, from Shanghai, 
described four cases in Chinese females. Tlie primary lesion is probably 
hidden in the posterior wall of the vagina, and the ano-rectal lymphatic 
gland is the first to be attacked. The infiltration of this gland extends, 
via the lymph-flow, to the anterior part of the vulva, and posteriorly to the 
rectum, resulting in the genito-ano-recial syndrome, and fcaally scarring of 
the glands leads to rectal stricture. 

Fibrous stricture of the rectum, in both sexes, is probably due to the 
same virus. Authorities are now agreed that syphilis cannot be held 
responsible. Eectal stricture appears to be more frequent in Europeans 
than in native races, though Maxwell reported it comparatively frequently 
in China y Gray recorded it in both sexes in Nigeria, and Chesterman on 
the Congo. Eajam, in Madras, in a clinical study of lymphogranuloma and 
allied conditions, reviewed 183 cases of poradenitis, and found buboes in 
99 males and 2 females, and the genito-anal s;^drome in 18 males and 8 
females. The virus spreads from the initial site of implantation by the 
lymphatics to the inguinal and pelvic glands, and later in the female the 
lymphatics of the anus and rectum become involved, producing at first 
proctitis and, later still, stricture of the rectum. In the male stricture of 
the rectum follows the occurrence of a primary lesion in the rectum. 
The follo\ving varieties are recognized : — 

(1) Anal stricture in women associated with esthiomene. 

(2) Annular rectal stricture. 

(3) Tubular rectal stricture. 

(4) Eectal communicating strictures from ulceration between the rectum, 
bladder, vagina, prostate and seminal vesicles. 

In 1932 Frei reported that 80 per cent, of cases of the genito-ano-rectal 
syndrome gave a positive intradermal test. 

Extra -genital infections. — Extra-genital infections have been re- 
corded on the tongue, followed by glandular enlargements in the neck, by 
Curth ; in the axilla by Hellerstrom ; and on the foot by Lepinay and 
Gr6vin. A possible relationship with regional ileitis (Crohn s toease) was 
suggested by Likely and Lisa ; they recorded a case in which multiple 
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granulomata of the ileum were present with frank lymphogranuloma of 
vulva, vaciimi and rectum, 

A few ciise> oi nieuingo-encephalitis due to the virus of lymphogranuloma 
veiieiviim have now been recorded. 

Ocular lymphogranuloma. — This was described by Macnie (1941). 
The whole globe may be covered with granulation tissue and the washings 
of tile conjunctival sac will infect monkeys. Curth and Sanders found that 
a number of cases of uveitis and kerato-conjunctivitis simulating Parinaud’s 
conjunctivitis gave positive intradermal tests ; sometimes there is con- 
junctivitis vdth ciliary congestion. Fundus changes have been reported, 
also peripapillary cedema, dilatation and tortuosity of the veins. 

Complications. — Sometimes, if too much lymphatic tissue is removed 
by excision of the glands, an elephantoid condition of the leg and scrotum on 



Fig. 109.~Climatic bubo two months after incision 
and circumcision, showing sinus formation. 
{H, Wolje Cowen.) 


the affected side may develop (Fig. 109). This is a grave objection to 
surgical interference, added to the fact that secondary sepsis is very hkely 
to ensue. Eupture of extensive lymphogranulomatous suppuration into 
the bladder has been recorded. 

Diagnosis. — The diagnosis of climatic bubo and lymphogranuloma 
inguinale has been placed upon a scientific basis by the introduction of the 
intracuti-reaction (intradermal test) of Frei (1925), which is now known as 
the Frei-Hoffmann reaction. The antigen was origmally prepared from the 
inflamed gland tissue. 

Frei’ s original method of preparing antigen for the skin test consisted of with- 
drawing the pus ffom a gland which has undergone softening, but not fistulation. 
The aspirated pus is mixed with physiological saline, in the proportion of one 
part to five parts in a sterile tube, and immediately put up in 0*5 ml. to 1 ml. 
doses in Jena hard glass ampoules. Thus prepared, it is heated to 60° C. for two 
hours over a water bath, and the following day at 60° C. for one hour. The 
antigen should be preserved at a low temperature unexposed to light. Antigen 
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can also be prepared from mouse brain or from the yolk sac of the developing 
chick embrj’o. Tests must be repeated every three months, and should 
give negative reactions in skin of normal and control patients suffering 
from ulcus molle. Careful experiments at the Albert Dock Hospital, London, 
^^■ith a controlled antigen prepared as above, have been satisfactory. 

Ottolina (1941) claimed that intradermal injection of 0*3 ml. of cerebrospinal 
fluid from a previously proven case of Ijunphogranuloma gives a positive reaction. 
The cerebrospinal fluid is concentrated in vacuo from 10 ml. to 2 ml. before 
injection. 

The Frei Hoffmann test . — The test is carried out on the same lines as the Dick 
or Schick sensitization tests : OT ml. of antigen is administered intracutaneously 
in the forearm, causing a wheal 8-10 mm. in diameter. Physiological saline or 
Dmelcos chancroid antigen is administered on the other forearm as control. A 
positive result usually appears at the end of 24-48 hours and may vary in size 
from a circle of IJ in. in diameter to a considerable reaction about 3 in. in 
diameter. German writers have noted a hard mass {''Fin harter KnocTien^') 
of inflltrated skin which may persist for a few days. This never occurs in negative 
cases. 

In biopsy specimens the essential lesion consists of little pin-point epithelioid 
formations scattered throughout the lymphatic gland and giant cells are 
commonly seen. A greater proportion of cases can be diagnosed by this method 
than by the intradermal tests. 

The Wassen test consists of producing a fatal encephalitis in mice by inoculation 
of the virus. 

It should be noted that a positive intradermal test may be obtained in trachoma, 
ornithosis and psittacosis and virus pneumonitis. 

The disease must be differentiated from soft sore, filarial adenitis, and 
plague, especially the ambulant form. In China, especially, hmiphogranu- 
loma buboes have to be distinguished from jpestis minor ; they have also to 
be differentiated from femoral hernia, but these two conditions may be 
associated. Tularaemia may also have to be differentiated. 

Blood changes. — There is usually a leucocytosis accompanying the 
suppuration. In the Editor’s cases this has invariably been so ; the 
leucocyte counts vary from 8,000 to 27,000, but no cell-type is particularly 
affected. 

Serological changes. — ^Hyperglobulinaemia is constantly present. The 
total proteins are between 8- 1 and 10-3 per cent, in florid cases. The serum 
albumin is about 3 -9 per cent. ; serum globulin 3 -9 to 5 *6 per cent. 

Combes (1945) found that 90*5 per cent, of his cases gave a positive 
formol-gel test and that there was a decided tendency to return to normal 
after a clinical cure. Therefore hyperglobulinaemia is of value in determin- 
ing the activity of the disease. 

A complement-fixation test has been described by McKee and his col- 
leagues. The antigen, lygranum (M.L.), stored at freezing point, is made 
from infected lungs of mice groimd up to make a 10 per cent, suspension. 
The readings are taken at the end of thirty minutes at 37® C. The lowest 
initial dilution of serum is 1 in 2. 

Here again other viruses of the lymphogranuloma venereum-psittacosis 
group may give a positive complement-fixation test. Tests with virucidal 
antibodies show, however, that the members of this group of viruses are 
not antigenically identical. 
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Treatment. — In the lymphogramilomatous stage the inflamed gland, if 
discrete, can be excised, and the spread of further mischief appears to be 
avoided, but surgical interference to lay open the suppurating sinus or 
remot e large masses of lymphatic tissue should be strongly deprecated for, 
as a result, the gland tissue may become secondarily infected with pyogenic 
organisms, a permanent lymphatic sinus may form, or chronic lymphatic 
obstruction may ensue. IJsually, excision of the mass when suppuration 
is present is not followed by clean and rapid healing, but by the formation 
of sinuses (Fig. 109). Stammers and Law found that surgical removal of 
the originally infected feeding gland ” may lead to the subsidence of a 
larger group of secondarily involved glands. 

During the acute stage of the disease, treatment should consist of rest and 
the application of soothing dressings. 

Protein-shoch therapy is often followed by dramatic results, and the 
Editor has had considerable experience of this method of treatment. It is 
especially advantageous when suppuration has commenced, and should be 
combined with aseptic aspiration of the gland. This aspiration may have to 
be repeated several times. 

Typhoid-paratyphoid vaccine (T.A.B.), or “ Pyrifer ” ^ is employed, 
commencing with 50 million given intravenously and gradually increasing 
to 200 or 300 million, injections being given every third day. Two or three 
reactions are usually required before the buboes dry up and the surrounding 
induration disappears. This treatment should be combined with rest in 
bed, and antiphlogistine dressings. When there is active suppuration it is 
advisable to aspirate, making a smaU opening with a tenotomy knife, 
packing with gauze, and using silkworm stitch as a seton. 

Vaccine therapy , — The vaccine is prepared by excising a convenient portion of 
the gland mass, which is cut up into small pieces, dehydrated over calcium 
chloride, emulsified in saline and injected in increasing doses every second day, 
but no reliable results have so far been obtained by this method. 

Traatment by drugs. — Sulphonamides, — ^MacCallum and Findlay, by 
means of chemotherapeutic experiments on the virus of lymphogranuloma in the 
mouse, have shown that sulphonamides have a definite value. At present it is im- 
possible to say why viruses of the lymphogranuloma venereum-psittacosis group 
are alone susceptible to sulphonamide action, while so many other viruses are 
insusceptible, but the evidence so far obtained seems to point to the fact that 
living virus may still be obtained from the brains of certain mice after prolonged 
treatment with sulphonamides. 

In the treatment of the disease in man Montel (1937) in Indo-China found the 
French preparation, rubiazol, curative, if given in courses over a prolonged period. 
Earle (1939) reported on the value of sulphapyridine, but recent reports indicate 
that in actual practice the results are disappointing. 

The best two drugs are sulphathiazole and sulphadiazine. In early cases 
6 grm. should be given on the first day of treatment, foUowed by 3 grm. daily 
for 20 days (a total of 66 grm.). Sulphonamides have also given remarkable 
results in cases of conjunctivitis due to lymphogranuloma venereum virus. 

Aureomycin, — Greenblatt (1950) states that lymphogranuloma does not respond 
to penicillin or streptomycin, but that aureomycin appears to be more effective in 

o ^ preparation in strengths from 50-500 million, prepared bj Aristopharm Ltd. 

owiteerlana. 
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the later, rather than the earlier, stages. Sinuses, proctitis, and inflammatory 
strictures show marked improvement when 70-100 grm. are given over 37-60 
days, but ulcers show poor response. Chloromycetin is not nearly so good. 
Alergant (1950) gives 250 mgm. per mouth every six hours to a total of 7 grm. 
Robinson and colleagues (1950) gave intramuscular injections in amounts from 
0-56-3*6 grm., but these were too painful. Proctitis shows great improvement. 
The complement fixation test is unsatisfactory as an index of therapeutic effect. 

Treatment of rectal stricture . — The treatment of rectal stricture is difficult. 
Palliative measures consist in dilating by graduated bougies and injecting 
antiseptic solutions to cure the ulceration. Operative measures depend 
entirely upon the type of stricture present ; Lockhart-Mummery gives the 
following alternatives : internal proctotomy ; complete proctotomy ; 
excision of the stricture or of the rectum ; and colostomy. Bensaude and 
Lambling, on the other hand, consider diathermic dilatation to be the best 
method, applied for twenty minutes every two or three days, for ten to 
twelve applications. Oil-soluble local anaesthetics, such as proctocaine, are 
best for post-operative rectal pain. 

The medical treatment of rectal stricture and esthiom^ne has been im- 
proved by the introduction of sulphonamides. Shropshear claimed 
success wilh sulphapyridine, in doses of 2 grm. daily, for fifteen days, with 
a seven- to ten-day interval, after which the course is repeated! Two 
patients required 108 grm. in two fifteen-day treatments before symptoms 
disappeared. In w^omen sulphapyridine checks leucorrhcea and heals the 
ulcers. Sulphadia 2 iine, if continued over long periods of six months to a 
year, has given remarkable results. One method is to give the sulphon- 
amide for 10-12 days every month. Aureomycin should be of value. 
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ULCERATING GRANULOMA OF THE PUDENDA 

Synonyms. — G-raniiloma Yenereum, Granuloma Inguinale. 

Definition. — An infective and granulomatous condition of the pudenda, 
■widespread in some parts of the tropics, conveyed by sexual contact and 
auto-inoculation. 

Geographical distribution. — Ulcerating granuloma is widely diffused 
in Lidia, Guiana, Brazil, West Indies, Porto Rico, Papua, Pacific islands, 
and Northern Australia ; sporadically it occurs in the Southern United 
States, on the West Coast of Africa, and in Southern China. De Voffel 
relates that in the southern region of Dutch Ne-w Guinea this disease appears 
in epidenaic form and threatens the extinction of the local tribes. In only 
one case has spontaneous cure been observed. A few cases have been 
found outside the tropics. One is described from Scotland by Pergusson 
and Roberts (1953), 

.etiology. — There is good reason for believing that the disease is generally, 
though not invariably, venereal ; very rarely, extragenital lesions have been 
observed. Cleland and Strangman in Australia, Flu in Surinam, and Aragao in 
Brazil described certain parasitic bodies within the large mononuclear cells 
from scrapings of the lesions. The organism is like a short bacillus with rounded 
ends, and measures 1 p by 0*2 g ; it was described and named Calymmatohacterium 
granulomatis by Donovan, and later by Araujo. It is now known as a bacterium, 
allied to B. mucosus capsuhtics. It is termed in U.S.A. Donovania granulomatis 
and can be grown at 37° C. in the yolk sac of chick embryo only (Dunham and 
others). The secondary invader may be the non-hsemolytic anaerobic strepto- 
coccus described by Meleney (p. 658). 

Dienst and Greenblatt (1943) have not confirmed previous observations, 
and now think that the Donovan bodies are protozoa, in no way related to 
bacteria (the diphtheria group) and have confirmed its true aetiology by 
reproducing the disease in negro volunteers (1939). The organism is 
selective for its particular host, reproduces by multiple segmentation 
within endothelial cells and is affected by antimony. The bodies are further 
distinguished by retaining basic fuchsia stain, when exposed to weak decolourizing 
agents. The smear from an ulcer is fixed, flooded with 0*5 per cent, aqueous 
fuchsin for two minutes, then washed with water and 0*5 per cent, citric acid 
until the dye ceases, to leave the smear (5 sec.). The film is then washed in 
water and counterstained with 1 per cent, aqueous aniline blue for 5 minutes. 
Donovan bodies, when stained by hsematoxylin and silver salts, have a closed 
“ safety pin ” appearance because of the ovoid shape and dense bipolar staining. 
A positive intradermal reaction with triturated infected yolk sac as antigen 
containing Donovan bodies has been demonstrated by Dienst (1947). 

Age and sex , — Ulcerating granuloma has not been recorded before 
puberty ; it has been found only after the age of 18 or 14, and up to 40 or 
50. It occurs in both sexes, but more often in women, especially where 
polyandry is practised. Transmission by PhiMnts pubis is suggested 
by Butts and Olansky (1946). 

Pathology. — ^Histologically this disease is allied to rhinoscleroma, and 
the close association between these two diseases in Sumatra has been emphasized 
by Snijders. It is a reticulo-endotheliosis and on microscopical examination the 
new growth at the margins of the sores is found to be made up of nodules, or 
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masses of nodules, consisting of romid cells having large and, usually, badly- 
staining nuclei. These cell-nests of Malpighian cells are embedded in a delicate 
fibrous reticulum. The predominating cells are the plasma and endothelial 
cells forming small pohmorphonuclear micro-abscesses described by Allen 
(1948). An important feature in the histopathology is a peculiar patho- 
gnomonic cell described by Fund and Greenblatt (Fig. 110). It is a large 
mononuclear varjdng from 25 to 90 /a in diameter, probably derived from a plasma 
ceU. The specific cell, laden with the so-called Donovan bodies, can be shown 
best by the Dieterle silver iinpregnaticni method in which these bodies appear as 
dark brown or black elongated ovoid masses with intense bipolar staining. The 
nodular masses are, for the most part, covered bj" epithelium, their under-surfaces 



Fig. 110.— Ulcerating granuloma of pudenda showing the pathognomonic cell and 
contained Donovan bodies. {After Fund and Greenblatt^ “ Archives ofPathologi/"^) 

merging gradually into a thick, dense, fibrous stroma in which small clusters of 
similar round cells are here and there embedded. The gro\vi:hs, though very 
vascular, contain no haemorrhages; and there are no signs of suppuration or of 
caseation, no giant cells, and no tubercle bacilli. In vertical section of the small 
nodules the round-cell mass will be found to be wedge-shaped, the base of the 
wedge being towards the surface; the deep-lying apex is usually pierced by a 
hair or two. The growth is found around sebaceous follicles, blood-vessels, 
lymphatics, and sudoriferous glands; but it is especially abundant, and most 
deeply situated, around hair follicles. 

Symptoms. — The incubation period appears to be comparatively short, 
from two to eight days after sexual contact, but it may be as long as twelve 
weeks. The disease commences in the great majority of cases somewhere 
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on the genitals, usually on the penis or labia minora, the pubes, or groin, as 
an insignificant, cireamscribed, nodular thickening and elevation of the skin. 

Theafiected area, which on the whole 
is elevated above the surroundint^ 
healthy skin, and covered with a very 
delicate, pinkish, easily-rubbed-off 
epithelium, excoriates readily, ex- 
posing a surface which tends to bleed 
and break down, although rarely 
ulcerating deeply. The disease 
advances in two ways : by continu- 
ous eccentric peripheral extension, 
and by auto-infection of an opposing 
surface. It exhibits a distinct predi- 
lection for w’^arm and moist surfaces, 
particularly the folds between the 
scrotum and thighs, the labia, and 
the flexures of the thighs (Fig. 111). 
Its extension is very slow, years 
elapsing before it covers a large area. 
Concurrently with peripheral exten- 
sion, a dense, contracting, uneven, 
readily breaking down scar forms on the surface travelled over by the 
coarsely or finely nodulated elevated new growth which constitutes the 
peripheral part of the diseased area. Occasionally, islands of active disease 
spring up in this scar tissue ; but it is at the margin of the implicated 



Fig. 111.— Ulcerating granuloma of 
pudenda in male. 
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patch that the special features of the affection are best ohser\^ed. ^ 
cases of long standing the partially-healed areas are covered with thin 
depigroented skin and thus show up as white patches. 

In°the female (Fig. 112) the disease primarily attacks the crura of the 
chtoris, thence extending into the vagina, over the labia, and along the 
flexures of the thighs. The women thus affected are rendered sterile. In 
the male the disease may spread over the penis, involve the glans, scrotum, 
and upper part of the thighs (Fig. 113). Occasionally, the glans penis is 
not involved. In either sex it may spread in the course of years to the 
pubes, over the perineum, and into the rectum, the recto-vaginal septum in 
the female ultimately breaking down. At times, a profuse watery discharge 
exudes, and even drips from the surface of the new growth, soiling the 
clothes, soddening the skin, and emitting a pecub’arly offensive odour. In 


this condition the disease, slowly ex- 
tending, continues for years, giving rise 
to inconvenience, and perhaps seriously 
implicating the urethra, vagina, or anus, 
but not otherwise materially impairing 
the health. In neither sex do the 
lymphatic glands become affected. The 
disease continues entirely local, but in 
the process of cicatrization the lymph- 
channels may become blocked, and 
pseudo-elephantiasis of the genitalia 
may occur. Impassable strictures of the 
urethra may result, and recto-vaginal 
fistulas are common. It may even cause 
death by eating its way into the bladder, 
causing septic cystitis, as in a long- 
standing case under the Editor’s care. 

Diagnosis. — ^Malignant and syphilitic 
ulcerations of the groin are common 
enough ; the disease under notice, however, 
differs widely from these — clinically, 
histologically, and therapeutically. It is 
characterized by extreme chronicity— ten 
or more years ; by absence of cachexia or 
of any tendency to cause death ; by non- 
implication of the lymphatic system as a 
whole, and by non-amenability to mercury 



4. n • Fig- 113.— Ukerating granuloma of 

The disease which it most re^mbl^ is » Chinaman. 

lupus vulgaris. From this it differs Hawes.) 

inasmuch as it is practically confined to 

the pudendal region ; tends to follow in its extension the folds of the skin ; 
and is not associated with the tubercle bacillus, giant ceUs, caseation, or other 
evidences of tuberculous disease. Unless complicated by a coincident syphilitic 
infection, the Wassermann reaction is negative. The inefficiency^ of anti- 
syphilitic treatment soon convinces the physician that the ulceration is not due 
to this disease. Its characteristic mode of spread suffices to distinguish it &om 
epithelioma and carcinoma. The discharges from ulcerating granuloma have. 
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moreover, a peculiar acrid smell. Fund and Greenblatt described a fiingatinff 
form affecting the cervix uteri in negresses, which greatly resembles the ulcerative 
and vegetative type of carcinoma of the cervix. It has also to be distinguished 
from gonorrhceal endocervicitis and from simple erosions. The characteristic 
cells (plasma cells, etc.) may be demonstrated by biopsy. 

Treatment.— Scraping and caustics, including the actual cautery, have 
been freely employed ; but, although some improvement may be effected, 
new nodules almost invariably spring up in the resulting cicatrix. Complete 
excision, where practicable, offers the best chance of permanent cure ; 
such a proceeding has to be undertaken before large areas and important 
passages have become involved. 

Treatment by intravenous injections of tartar emetic, introduced by 
Aragao and Vianna in 1913, has proved successful, although in a small 
proportion of cases relapses occur. The drug should be injected on 
alternate days, commencing with J gr. dissolved in distilled water and 
gradually increasing by the same amount up to the maximum individual 
dose of 2 gr., but the total amount required to effect cure varies within 
wide limits. The Editor had one with a suprapubic lesion which healtd 
completely after a total of 17^ gr., wkile others required 170 gr. or more. 
Cicatrization usually takes place rapidly, hut indolent ulceration may 
persist. Stibacetin, neostibosan, and other pentavalent compounds of 
antimony are more efficacious than tartar emetic, in total dosage of from 
3 to 4 gi*m. Giglioli, in British Guiana, gave two courses of seven intra- 
venous injections vdth 45 days between each course. Each consisted of 
OT-0-6 grm. of stibacetin dissolved in 20 ml. of normal saline, and this 
drug was successful in cases resistant to tartar emetic. Anthiomaline, as 
in lymphogranuloma, has also been used with success. On the other 
hand Earle considers fouadin (a trivalent antimony salt) efficacious {see 
p. 715). The Editor has found it advisable to dress the open granulations 
daily with an ointment containing 1 per cent.^ of antimony tartrate in 
white vaseline. It should be left on for two hours, then wiped off carefully, 
and the sore washed wdth boracic solution and dressed with boracic 
ointment. Radiant heat applied to the ulceration has proved beneficial, 
while touching indolent spots with a silver-nitrate stick will sometimes 
promote healing. Tartar-emetic treatment may be combined with X-ray 
and with protein-shock treatment (Hanschell). These should alternate 
with tartar emetic injections. Operative measures, such as the amputation 
of a badly ulcerated glans penis, may become necessary. 

In addition to medicinal means, it is often necessary to open up sinuses 
and to cauterize undermined margins by the elecfric cautery. 

Many observers have drawn attention to types of ulcerating granuloma 
which are unaffected by antimony. Meleney drew attention to the curative 
action of zinc peroxide in the treatment of anaerobic organisms in acute 
surgical infections. The standard preparation is one which, when sterilized 
and suspended in distilled water, consistently yields oxygen while itself 
remaining soft. It must be rubbed into the wound, especially at its 
spreading margins, in gangrenous infections of the skin due to synergistic 

* To make antimony-tartrate ointment, the necessary amount of antimony tartrate is first dissolved 
in a small quantity of liquid para&i and then made up to strenj^ with white Vaseline. The ointment 
most not be spread on the h^thy sTdn, 
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liaeterial action, and in undermining burro-sring ulcers of tbe non- 
gaugrenous tj’pe. (Pig. 114j. 

The liberation of oxygen depends upon the presence of water, and there- 
fore zinc peroxide cannot be employed in oily solutions. Tbe best prepara- 
tion is that of the Du Pont Chemical Co., Niagara Falls. It should be 
sterilized at 140° C. for four minutes ; o-25 grm. are put in large test-tubes, 
the contents of which are mixed by means of a syringe with enough distilled 
water to git'e a homogeneous suspension with the consistency of 40 per cent, 
cream. It is then spread so as to come into contact with every part of the 
infected surface, particular care being taken to see that it penetrates the 
undermined skin and into the sinuses, for which purpose it is frequently 
necessary to use a short catheter. Strips of gauze or silk are dipped into 
the suspension, and introduced into the sinuses, but the dressings should 



Fig. 1 14. — Ulcerating granuloma of the pudenda infected with 
non-hsemolytic streptococcus. {Br. Buttajield.) 

To show healing with zinc peroxide treatment and extensive scar-tissue formation. 

be changed daily (Pig. 114). It may be found advantageous to syringe 
out the sinuses with hydrogen peroxide. 

SuljpJionamideSt especially sulphapyridine, have been successfully em- 
ployed. Ross and others Recorded success with 3 grm. daily for fourteen 
days in early lesions. Earle regarded sulphonamides as useful adjuvants 
to antimony treatment. 

Penicillin , — Turner (1945) has treated seven cases with penicillin which 
had proved resistant to antimony. It was given by intramuscular in- 
jection up to 4,000,000 units. The injections were given at intervals of 
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3-4 lioFirs followed by local application of penicillin cream. Ciinicallj all 
showed eoiistitntioiial improvement. It was concluded that penicillin 
had no direct action upon the original disease, but cleared up secondary 
iiifectiuns and thereb}^ paved the w^ay for further antimony treatment. 

Sfi'eptfjmijcuL — Greenblatt (1947) considers the success with this treat- 
ment remarkable. Fifty-eight patients were treated with 3 *3-9 *4 grin, of 
streptomycin, given intramuscularly in divided doses, four-hourly, to a 
total of 0-3-4 grm. per day. A course of 4 grm. daily for five days proved 
most adecjuate. Although lesions are still present, progressive healing 
still takes place and complete healing is noted within one to three weeks. 
The results are far superior to those obtained with antimony. Toxic 
effects noted were cylinduria without renal involvement and some 
vestibular dysfunction. Recent experiences tend to show that dihydro- 
streptomycin is less toxic and equally effective. 

Other antihioiics . — ^Robinson (1950) has stated that aureomycin, Chloro- 
mycetin and streptomycin are all effective, but that the last-named 
remains the drug of choice. Greenblatt and others (1949) have reported 
especially good results with aureomycin by the mouth in 46 patients, 
some of v’hom had been resistant to streptom 3 min. The average dose 
was 20-30 grm. in 10-15 days. The smallest dosage was 10 grm. : the 
largest 70 grm. 

Prophylaxis. — As this disease is most certainly spread by sexual 
connection, prevention consists in the avoidance of illicit intercourse, 
especially with native women. 
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occur after the fifth year and attain their maximum incidence during the 
third decade. Li a mixed community this incidence is highest in Indians. 
The majority occur during periods of Iotv rainfall and low relative humidity. 

^Etiology.— Prowazek attributed these ulcers to Smrochceta schaudinni, and 
these spirochsetes are present, together with fusiform bacilli, in most ulcers. 

Although sloughing phagedsena is evidently a germ disease, it is not readily 
communicated by ordinary inoculation either to man or to the lower animals. 
Apparently a concurrence of certain unknown conditions is essential. Lloj’d 
Patterson, however, succeeded in producing a characteristic sore by bandaging 
a swab smeared with discharge from a typical sore on to the surface of an abrasion, 
from which the scab had been removed, and this has recently been confirmed 
by Hare (1948). 

Sloughing phagedsena is apt to attack the half-starved, malaria-stricken 
pioneers in jungle lands, over-driven labour gangs, and soldiers campaigning 
in the tropics. In such circumstances a slight wound, an abrasion, even an 
insect -bite, or an old chronic ulcer may serve as the starting-point for one of 
these terrible sores. Where yaws and sloughing phagedsena are co-endemic, 
the sores of the former may become infected with the virus of the latter, and 
serious sloughing and cicatricial contractions result. The feet and legs, being 
most exposed to injury, are the most frequent locations of this form of ulceration ; 
but the arms, or any other part of the body, may also be attacked. The blood- 
calcium content, blood-sugar and blood-urea are said to be much diminished, 
probably as the result of deficient dietary (McCuUoch). On the other hand, 
the Editor has observed several severe cases in otherwise healthy and well-fed 
Europeans in whom a dietetic deficiency could hardly be seriously considered. 

Clements in Melanesia and James in the Solomon Islands were strongly of 
the opinion that diet deficiencies (especially Bg), debility and climatic factors 
combine in predisposing to ulcus tropicum. For instance, the incidence in 
sago-eaters is vastly greater than in those who subsist on taro. Tropical ulcer 
is rarer in West African native troops, whose diet includes a ration of red palm 
oil, than in East African soldiers, w’ho do not receive this. A close relationship 
with chronic malaria appears to be possible in the epidemic form of this disease, 
and stress is laid upon the importance of Buxton’s line of separation between the 
malarial and non-malarial Pacific Islands, w’hich also marks the separation 
between phagedaenic and ulcer-free islands. It is apparently true that the 
virulence of the organisms responsible for ulcus tropicum is increased by trans- 
mission amongst susceptible people. Marsh and Wilson in Persia describe it as 
the result of filth, food and friction. 

Symptoms. — If the disease occurs in previously sound skin, the first 
indication is the formation of a larger or smaller bleb with sero-sanguinolent 
contents. The bleb may be attended with some pain and constitutional 
disturbance. W'hen, in the course of a few hours, the bulla ruptures, an 
ash-grey, moist slough is exposed. The sloughing process rapidly extends 
in all directions until the skin and subcutaneous fascia over an area of 
one to many inches in diameter are converted into a yellowish, moist, 
horribly stinking slough. After a few days the centre of the slough begins 
to liquefy, the sore still continuing to extend at the periphery. In the course 
of a week or longer the sloughing process may cease and the slough be 
gradually thrown off (Kg. 116). Then it is seen that not only have the 
skin and superficial fascia been destroyed, but in bad cases possibly muscles, 
tendons, nerves, vessels, and even the periosteum of the bones, have shared 
in the gangrenous process. Fortunately, in many instances, the deeper 
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structures are ^^pared, the disease being relatively limited and superficial. 
Sometimes, however, important structures, including joints, bones, and 
large blood-vessels, are destroyed ; in sufdi cases, even if life be spared 
great dtd'ormity may ensue from different forms of ankylosis, or from 
strangulation of a distal part by a contracting cicatrix, necessitatincr 
amputation (Fig. 117). 

Healed tropical ulcers leaving behind tissue-paper-like scars ^^dth 
pigmented edges are easily recognizable, and they constitute the familiar 
hall-marks of former prisoners of war in Japanese hands. 

Diagnosis has to be made from the ulceration of yaws, syphilis, amoebic 
ulceration of the skin, oriental sore, varicose ulcers, and veld sore, and is 
usually not very difficult, a final diagnosis being arrived at by exclusion. 



Fig. 116. — Ulcus tropicum. 


Treatment. — As recent observations in Kenya Colony and Tanganyika 
Territory have shown that dietetics play an important part in the production 
of ulcus tropicum, it is of the first importance to correct any cachectic 
state. Thus, good food, fresh vegetables, lime-juice and quinine are 
almost invariably indicated. Corkhill in the Sudan found that much the 
same conditions hold there ; cod-liver oil dressings, for instance, combined 
with a liberal vitamin A dietary give good results. Opium in full doses, 
not merely to assuage pain, but on account of its special action on the 
phagedaenic process, is usually of great service. 

The most important advance in treatment has been the introduction of 
penicillin. Numerous papers published during the recent war have 
testified to this. Findlay, Hill and Macpherson (1944) published a series 
of 25 cases of long duration in which healing took place after injection of 
100,000 units within 24 hours and the application of penicillin ointment 
(250 units per grm.). Great improvement took place immediately and in 
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a few days the ulcers had hecome practically sterile. Hare |194S) found 
that fusiform bacilli disappear and that the effect is immediate. Complete 
healing takes place in a month. 

O’Brien (1951) has stated that the most satisfactory treatment is 
occlusion plaster with parenteral penicillin and skin grafting as follows: — 

(1) Hypertonic saline dressing, applied hot or cold three times daily. 

(2) Antiseptics such as eusol, alone or combined with hydrogen peroxide. 
All cases are cleared with 1 per cent, solution of C.T.A.B. ( Cetyltrimethyl 
ammonium bromide) . Brilliant green 1 :500 is used in final stages to prepare 
the area for grafting. 



Fig. 117.— Ulcus tropicum : acute case in a European, eventually causing loss of leg. 


(3) Topical application of a powder of crystalline penicillin — 10,000 units 
with sulphathiazole 0*6 grm., plus magnesii carbonas ponduosus to 1 grm., 
and a cream containing penicillin 500 units per grm. 

Preparation for grafting , — Saline dressing is applied and the first course 
of penicillin started; the surface is dusted with P.S.P. (penicillin, sulpha- 
thiazole and mag. carb. pond.) and covered with dry dressing. The limb is 
encased in a light plaster cast. Six days later the area selected is prepared 
with C.T.A.B. and a second course of penicillin begun. 

Total excision of the ulcer area, followed by Thiersch-grafting. offers the 
only means of ultimate success. By means of a large curved bistoury 
(curved on the flat in addition to the normal curve) the whole of the 
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iiitVcted is removed. The ulcer is excised under spinal anesthesia 

and nut scraped. The resulting wound should be dressed Avith eusol and 
ointment tAvice daily until the surface is clean. AfterAA^ards, a dressing of 
B.I.P.P. should be applied once daily for some days until it is certain that 
there is a granulating surface. The site is noAv treated by skin grafting. 
According to Enzer, when the Thiersch methods fails, “ pinch grafting ” 
of small circular patches of Av^hole skin distributed OA^er the area should be 
employed. It is said that complete healing takes place in 14 days. The 
grafts "should be dressed with an emollient ointment, e.g.. Tulle Gras 
Lumiere (Anglo-Erench Drug Co., 238, Gray’s Inn Road, W.C.l). ’^^orkers 
in Kenya agi*ee that the grafts usually take readily, and the stay in hospital 
after operation is one of twelve to nineteen days. 

Other antibiotics . — Ampofo and Findlay (1951) recommend 3 per cent, 
aureomycin applied locally as of considerable value. Dressings must be 
changed daily. Oral administration of the drug increases the rate of 
healing. 

Later (1952) they claim that terramycin ointment is eA^en better. Huttel 
(1951) in Gabon treated three ulcers by curretage and application of a firm 
dressing of a mixture of terramycin (5 grm.), and paramidophenyl sulpha- 
mide (1162F) sulphanilamide, 100 grm. 

Veld Sorb 

Synonyms. — Septic Sore ; Desert Sore ; Barcoo Rot. 

Geographical distribution. — This peculiar ulceration is widely distributed 
in the tropics and subtropics wherever desert conditions exist. It has long 

been known in Queensland and the 
Northern Territory of Australia. 
It affected the British troops in the 
Sudan and South African cam- 
paigns, and caused a very consider- 
able amount of disability in Gallipoli, 
Egypt, Palestine and Iraq during 
the 1914-18 war. It has also been 
prevalent in British troops in 
Palestine, Libya, Abyssinia, Eritrea 
and the IVIiddle East during 1939- 
1945 war. In South A&ica it is 
familiar to sportsmen and travellers. 

.etiology. — The cause of this 
condition had long been obscure.^ 
In 1916 Craig, in the Sinai Desert, 
demonstrated the diphtheria bacillus 
in the lesions. Whether this covers 
the aetiology of all veld sores cannot 
at present be affirmed, but that a 
certain proportion are diphtherial in 
origin may be taken as established. 
By sterilizing the surface of the 
sore Arith absolute alcohol and 
scraping the clear surface, a culture 

* H. H. Scott (personal coniniimication) isolated the diphtheria bacillus from, a veld sore in the S. African 
■wax in 1901 , and succeeded in curing it by application of antidiphtheritic serum. 



Fig, 118.— Culture of Klebs-Loffler bacillus 
obtained from the veld sore shown in Fig. 117. 
(Dr. H. K. Giffen, Assiut^ 
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of the Klebs-Loffler bacillus was obtained on Loffler’s serum. This organism 
was pathogenic to guinea-pigs and quails, and its lethal effects could be neutral- 
ized by injection of antidiphtheritic serum. In the serous contents of the blebs 
the typical granular bacillus was observed in stained preparations. (Fig. 118.) 

The desert sores, as the Editor observed them among British troops, occurred 
most frequently in men of mounted units, especially those associated with horses and 
camels, and in the 1939-1945 war similar lesions have also been seen in cavalrymen. 
The rate of incidence coincides with that of a widespread epidemic of faucial 
diphtheria. Cameron and Muir (1942) described the lesions as they occurred in 
mounted umts in Palestine. Acute and chronic stages were recognized. Paralyses 
occurred in a number of patients in whom there was no other focus of infection 
than the skin. Not all sores on exposed parts are necessarily diphtherial in 
origin ; some are primary staphylococcal. In Eritrea and Abyssinia it was 
noted by Louw that the men of mechanical units v\ith oil or grease on their 
clothing suffered less than others from septic* ulceration. Excessive dr\Tiess of 
the skin is a predisposing factor. 



Fig. 119.— Veld sore on leg containing growth of Klebs-Loffler bacillus. 

{Dr. B. E. Giffen.) 

Symptoms. — The sores occur almost invariably on the exposed parts, mainly 
those covered by hairs, such as the dorsum of the hand, the fore-arm, the elbows 
and knee-joints. Sometimes the lesions occur on the face, over the evebrows 
and on the cheeks. They may arise de novo, or be superimposed on some 
abrasion. 

A regular sequence of events precedes the actual ulceration. At first a vesicle 
full of straw-coloured fluid makes its appearance, generally in the vicinity of a 
hair follicle ; it may vary considerably in size. The pain it occasions is quite 
out of proportion to the size of the lesion. On bursting it leaves behind a shallow 
ulcer covered with a thin grey pellicle. The raw ulcerated surface is exquisitely 
tender, and it may continue to spread peripherally. (Figs. 119, 120.) 

After the inflammatory changes have lasted two or three weeks the ulcers 
enter upon a chronic stage. Then they are characteristic in appearance and 
perhaps are more familiar to practitioners than in the incipient stages. The 
ulcers are punched-out, circular, with undermined edges and thickened margins ; 
their base is covered with grey-coloured and scaly d4hris, beneath which 
can frequently be distinguished an adherent membrane, but little or no 
pus is discharged. The peculiar ulceration which results is most intractable, 
and resists aU external forms of medication ; the edges become indurated, and 
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the thickened tissue has a cyanotic appearance. In sores in which healing does 
take place, a thin paper-like scar remains for several years. The actual ulceration 
may continue for two j^ears or longer. 

The Klebs-Loifler bacillus can be isolated from the primary lesions ; from 
the chronic ulcerations it is recovered with difficulty, being overgrown with 
staphylococci and other organisms of suppuration. The best medium is 
Marshall’s tellurite. 

Diphtheritic pareses, or paralyses, have been observed in association with 
these sores ; in one series this complication occurred in 27 per cent. Paralysis 
of the palate, arms and legs, and accommodation paralysis of the iris have 
been recorded. There may be ataxia, loss of knee-jerks, anaesthesia and inco- 
ordination, recalling at first sight locomotor ataxia or beriberi. Walshe pointed 
out that the initial local paresis is in anatomical relation to the site of the infective 



Fig. 120.— Veld sore. Primary lesion on adductor 
aspect of thigh ; secondary contact sore on scrotum. 

(Go-pi. M anion.) 

focus, and may be taken to indicate direct passage of toxins from the diphtheritic 
lesion along the neural channels to the central nervous system. Accommodation 
pareses, on the other hand, usually appear in the second w^eek, no matter what 
the site of the local lesion may have been. Polyneuritis is usually delayed for 
three weeks or longer. 

Ward and Mason (1946) have described similar cases during the Burma 
campaign. The first symptom of nervous involvement was blurring of 
vision, tingling, numbness and coldness of extremities. On examination there 
was asteriognosis and ataxia. 

Treatment. — The specific treatment for this kind of ulceration is anti- 
diphtheritic serum, which has a very striking effect in healing up ulcers that 
have persisted for a year or even longer. At least 20,000 units should be given, 
and should be injected subcutaneously or intramuscularly in the vicinity of the 
sores. Sulphonamides by the mouth have been found useless, but in chronic 
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cases staphylococcal vaccines are advocated, together with compresses of hyper- 
tonic saline, cod-liver oil dressings, and elastoplast bandages. In some cases 
silver nitrate stick is beneficial. Saline solutions of penicillin applied to sores 
accelerate healing. 

In staphylococcal sores sulphonamide paste and acriflavine ointment have 
been employed (acriflavine, 0*1 per cent.; adeps lanse anhydrous 45 percent. ; 
water 100 per cent., to which is added 10 per cent, sodi sulph. for osmotic effect). 
Penicillin in full doses should be used. 

Prophylaxis. — Protection of exposed parts of the body, especially the knees, 
against abrasion in desert regions w^here these sores occur, is obviously indicated. 
Mounted men should wear knee-breeches and should not be permitted to ride 
in shorts. The application of antiseptic lotions to any abraded surface at the 
earliest possible moment is also indicated. As there is some evidence that dried 
horse-manure may act as a nidus of the bacillus, care should be taken to avoid 
contact with this as far as possible. 


Pemphigus Contagiosus (Pyosis IMansoni) ; Wild Fire 

Geographical distribution. — Pemphigus contagiosus is very common irl 
South China during the hot weather ; in some years it may even be described 
as epidemic. It is perennial in the Straits Settlements, and it is known in 
Ceylon, Madras, in North Queensland, Japan, and America. European are 
more liable to it than native children ; European adults are by no means exempt, 
but the native adult is rarely affected. 

i^tiology and pathology. — Like impetigo contagiosa, this is undoubtedly 
a germ disease, caused by streptococci and staphylococci. Manson originally 
found a diplococcus in the epidermis and in the fluid of the blister. Mourao has 
stressed the idle of hsemo lytic streptococci of Lanccfield’s group A. 

Symptoms. — Pemphigus contagiosus closely resembles certain forms of the 
impetigo contagiosa of temperate countries, and is probably a variety. The 
individual lesions, as can readily be ascertained by inoculation experiments, 
begin as minute erythematous specks, which rapidly proceed to the formation 
of vesicles, buUm, or even large pemphigus-like blisters. 

Pemphigus contagiosus may occur in almost any part of the body. In young 
children it is usually diffuse ; in adults it is mostly confined to the axillse and 
crutch. 

Diagnosis. — Absence of constitutional symptoms, or of a history of such, 
distinguishes pemphigus contagiosus from chickenpox. Absence of trichophyton 
elements, and of a well-defined, slightly raised, festooned and itching margin, 
together with the presence of large blebs and scaling of the epidermis, dis- 
tinguishes it from ordinary forms of body ringworm — a disease with which, 
when occurring in the armpits and crutch in adults, it is frequently confounded. 

Treatment. — Cleanliness, the frequent use of a corrosive sublimate lotion 
(1 in 1,000) and a dusting-powder of equal parts of boric acid, starch, and zinc 
oxide, or ammoniated mercury ointment are specially effective. As the strepto- 
cocci are penicillin-sensitive this should be injected into every case in total 
dosage of one mega unit. Sulphonamide compounds, especially sulphapyridine 
in full doses of 3 grm. daily to an adult, were found effective by Earle. In the 
school and nursery those responsible for the cafe of children must be informed 
of the contagiousness of this unpleasant affection, and measures must be instituted 
accordingly. 
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Sbborrhcea (O'Donovan and Michaelson, 1946) 

Lesions of the face or scalp, especially those of seborrhoeic nature, are associated 
in some with kerato-conjunctivitis which appears to be identical with that 
described as epidemic virus kerato-conjunctivitis, and is allied to herpes simplex. 
It is associated also with seborrhoeic dermatitis. The onset of the skin lesion 
precedes that of the ocular by a definite short interval of time. 

Craw-Craw and Ulcerative Dermatitis 

Synonym. — Nodular Dermatitis. 

Symptoms. — The term craw-craw is very loosely applied. Emily described 
under this name a papulo -pustular skin affection which is coinnion in certain 
parts of tropical Africa and is often the cause of much suffering to the traveller. 

Diagnosis.— The hard, horny papules of craw- craw have to be differentiated 
from scabies, which is common in African natives. They have also to be dis- 
tinguished from the lichenoid eruptions caused by microfilaria volvulus (p. 778). 

Treatment. — Emily described a very efficient treatment. Pustules are 
opened, crusts removed, and ulcers scraped. Boric-acid powder is then dusted 
freely on the parts after a thorough scrubbing with sublimate lotion (1 in 1000) ; 
borated vaseline is applied on lint, and tMs is covered by absorbent cotton 
and a bandage. The dressings are not disturbed for a week, when the parts 
will be found soundly healed. Similar auto -infective diseases, so common in 
the tropics, may be treated by prolonged soaking in a warm carbolic-acid lotion 
(1 in 20), followed by dry dressing with boric powder. Infected slippers, shoes, 
and stockings should be destroyed. Most cases of so-called craw-craw are in 
fact scabies. 


Ill PAKASITIO DERMATITIS 
Ceroarial Dermatitis (Schistosome Dermatitis) 

Cort in Michigan (U.S.A.) in 1928 drew attention to a special kind of dermatitis 
produced by Cercaria elvm, and 0. douthitti was soon afterwards found to cause 
similar lesions. In England and Wales dermatitis after bathing in ponds and 
reservoirs has been noted by Matheson, Taylor and Baylis as due to G. ocellata, 
a form closely allied to G. elvm. The cercariae burrow in the skin, where their 
heads become arrested and cause a pustular eruption. All these cercariae are 
derived from different species of snails, especially Lymnc&a siagnatilis. G. elvcn 
and C. ocellata are large cercariae nearly 1 mm. in length overall, twice that 
of the schistosome cercariae ; the tail is bifurcated and all possess two suckers. 
Cercarial dermatitis is commonly known as “sedge-pool itch ” or “ swimmers’ 
itch,” and takes the form of an itching maculo -urticarial dermatitis, later 
becoming papular or pustular ; it may be, after a few days, actually exan- 
thematous. It is always connected with paddhng or swimming in infected 
waters a few days previously. A somewhat similar dermatitis is noted in 
association with cercarial penetration in Schistosoma hcematobium and S. mansoni 
infections. 

“ Sawah itch ” in Malaya is caused by cercariae of a cattle schistosome (Buckley). 
Paddy itch or “ Koganbyo ” is a lakeside disease in valleys adjacent to Lake 
Sbingi, Japan, caused by cercariae of Gigantohilharzia stumice. The intermediate 
host is a snail, Polypylis hcemisphcBrula. The definitive hosts are starlings, 
sparrows and wagtails (Hunter and colleagues, 1951). Hunter has found two 
species of Trichohilharzia responsible for swimmers itch in Seattle. The cercariae 
can penetrate the skin of bathers. 
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Cateepillar Dermatitis 

The hail’s of various species of hirsute caterpillar may give rise to urticaria 
and dermatitis in susceptible individuals. Berkowitz (1946) has described 
attacks of urticaria in troops in New Guinea which reached epidemic proportions. 
Similar outbreaks have been recorded in Northern Australia. The species is 
Ochrogaster contraria. In experiments vdth volunteers some developed local 
urticaria vdthin a few minutes and this was replaced after 3-4 hours by a pruritic 
papular eruption. 

Earle has described “ Fuetazo dermatitis ” in workmen engaged in oil explora- 
tion on the coast of Equador. This is a blackish-green beetle {Poederus 
ornaticoi'nis) 1 cm. in length. A variety of lesions are caused by contact of 
excretion of this insect, most commonly it is a papulo- vesicular rash. Linear 
grouping is usually seen on exposed parts, especially on the face. Conjunctivitis 
also is common. The parts should be washed immediately with soap and water. 

Fuetazo ” is Spanish for w^hiplash. 

IV. ALLERGIC AND TOXIC DERMATITIS 

Pyrethrum Dermatitis 

Pyrethrum dermatitis has been noted in Kenya, and is caused by the leaves 
and flowers of Chrysanthemum cineraricefolium, which grows at altitudes of 
500-7,000 feet and flowers throughout the year. The pyrethrum content is 
1-2 per cent. Absorption is facilitated by constant sweating, and exposure 
to sunlight greatly exacerbates the lesions. Some persons on contact exhibit 
merely a local dermatitis ; others show a widespread allergy. Itching commences 
at the comer of the eyes, and is followed by lacr 3 rmation, an irritating vesicular 
rash, peeling of the skin, and formation of painful fissures. 

Poison Ivy Dermatitis (Dermatitis Venenata) 

Many tropical plants cause dermatitis which may assume an erythematous, 
vesicular or urticarial form. Intimate contact with the plants or its leaves is 
necessary. Poison ivy (Phus toxicodendron), poison sumac [R, vernix), poison 
wood {Metopium toxiferum) in North Eastern and Southern United States 
cause intense dermatitis. Repeated attacks do not produce immunity. The 
venom is toxicodendrol. Treatment consists of washing the skin with soap and 
water ; alcohoKc or oily solutions must be avoided. Clothes must be decon- 
taminated by immersion in 1 per cent, calcium hypochlorite for twenty minutes. 

Other Forms oe Dermatitis 

Several other plants and fiowers may cause severe allergic dermatitis, such as 
cypripedium (lady’s slippers), Euphorbia, primroses, lilies and vanilla beans; 
sometimes also mangoes and, in Japan, lacquer made from Rhus vemicifera, 

Iroko dermatitis. — Idiosyncrasy to wood dust is not uncommon. Iroko 
is a trade name for Chlorophora excelsa, a tree of East and West tropical AMca, 
and known as African teak. The dust produces the usual signs of aUergy, with 
skin irritation, oedema of face, blepharospasm, acute coryza and pharyngitis. 
Other woods, such as satin wood, teak and mahogany, also produce aUergy 
in susceptible persons. 

V. CLIMATIC SKIN DISEASES 
Prickly Heat 

Synonym. — Climatic hyperidrosis. 

Prickly heat, or, as it is sometimes called, lichen tropicus, is probably a form 
of miharia (not of lichen) connected with the excessive sweating incident to 
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the heat of tropical climates in association with high humidity. It therefore 
occurs especially in the Red Sea, Persian Gulf, the plains of India, in Eritrea 
and Somaliland ; in the New World, in Panama and in northern parts of South 
America. Europeans are specially liable ; Africans are more or less immune. 

etiology. — According to PoUitzer, the mechanism of its production depends 
on the non-cornification of the cells of the stratum corneum, the individual cells 
of which, in consequence of being sodden by constant perspiration, swell, and 
so obstruct the orifices of the sweat-glands, thereby leading to accumulation 
of sweat in the ducts. The blebs and bullae are due to breakdown of function 
in the second form of sweat glands of the skin, especially the large coil sweat 
glands localized to the axillae and genital regions. .The miliary rash, commonly 
known as prickly heat, is due to dysfunction of small sweat glands, and a pem- 
phigoid condition due to dysfunction of the large sweat glands, and it is often 
associated with heat exhaustion {see p. 401). 

Symptoms. — Many Europeans in the tropics suffer from prickly heat, 
particularly during the earlier years of residence. Some never seem to 
become acclimatized, but continue year after year to exhibit their crop of 
prickly-heat lesions when the hot season comes round. 

Though sufficiently annoying in the robust and healthy, prickly heat is 
not a grave affair. It is otlierwise in the invalid, delicate sickly children, 
hysterical and, especially, parturient women ; to these it may* prove, by 
interfering with sleep and provoking restlessness, a very serious matter. 

Prickly heat consists of a miliary-like eruption, generally most profuse on 
tliose parts of the body, as around the waist, which are closely covered with 
clotliing ; but it also occurs on the backs of the hands, on the arms, legs, 
forehead, occasionally on the face, the scalp, in fact on any part of the sur- 
face of the body except the palms and soles. The minute, shining, glass-like 
vesicles, and the numerous, closely-set, slightly inflamed papules, give the 
skin a feeling of being thickly sprinkled with grains of sand. The eruption 
may continue for months on end, becoming better or worse according to 
circumstances. The pricking and itching are often exceedingly distressing. 
Anything leading to perspiration immediately provokes an outburst of this 
almost intolerable itching— nothing more certainly than a cup of hot tea or 
a plate of hot soup. As soon as the weather becomes cool the eruption and 
the irritation quickly subside. Horne and Mole (1949) have now made 
the interesting observation that prickly heat is relieved by reducing salt 
intake and can be made to relapse by increasing the intake of table salt. 
These workers (1951) have found that raised sweat chloride and decreased 
conductivity of heat through the skin are present in cases of mammillaria, 
whether the anhidrotic syndrome is present or not. The sweat chlorides 
begin to rise, whilst prickly heat is present before the mammillaria have 
become visible. Therefore a raised sweat chloride may be associated with 
severe prickly heat. The reduction in sweating in areas of active prickly 
heat has been confirmed. 

Blomfield (1943) divided the forms of prickly heat clinically into (1) 
miliaria, (2) multiple boils, (3) impetiginous, (4) pemphigous, (5) pustular 
with fungous infection. A special and distinct form of boil develops, con- 
sisting of insidious, painful blisters, especially on the fingers. These are 
deep-seated whitish swellings, very often with paronychia. An impetiginous 
rash is a frequent concomitant infection. 
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A very severe form consists of very painful symmetrical crops of blebs 
and bullae in armpits and crutch. The bullae are filled 'vvith thin pus, and 
are surrounded by a bright red ring of acute inflammation. 

The pemphigoid state is a late stage of the disease, and is often compli- 
cated by secondary fungous infection. 

Pathology. — O’Brien (1947), on histological studies, claims that a “ civilized 
toilet ” results in depriving the skin of its sebaceous secretions with the result 
that a keratin ring closes the orifices of the sweat ducts, so that a vesicle of sweat 
collects in the upper epidermis, causing a secondary reaction. The exuding 
sweat forms vesicles round the remains of the ducts and percolates downwards 
to the corium. If an area of skin is smeared with anhydrous lanoline this homy 
occlusion is prevented. With “ lipoid response ” plug-formation occurs beneath 
the vesicle and causes disintegration of the ducts with obstruction of the sweat 
flow and gives rise to a vesicular reaction deeper than that of prickly heat. This 
accounts for the persistent anhidrosis which follows and which may be associated 
with eczematous and exfoliative dermatitis. Sulzberger and his colleagues 
uphold the view that prickly heat and thermogenic anhidrosis are different 
manifestations of the same process. 

Treatment. — Manifestly, the most important thing is the avoidance of 
all causes of perspiration — particularly the copious consumption of fluids, 
especially hot fluids — moderation in exercise, avoiding sea-bathing, close 
rooms, warm clothing, and so forth. A towel should be carried to mop up 
sweat. The sleeping-mattress and pillow should be covered with a finely 
woven grass mat, and the bed provided with what is known in the East as 
a “ Dutch wife ” — that is, a hollow cylinder, 4 ft. by 8 or 10 in., of open 
rattan work, over which the arms and legs can be thrown, and unnecessary 
apposition of sweating surfaces so avoided. A punkah at night is a great 
comfort. Afridol soap, containing oxymercuriotoluylate of sodium, in 
which mercury is in non-ionizable form, can be recommended as a preventive 
and a curative measure. The soap is powerfully germicidal and should be 
used twice daily with warm water. The lather should be left to dry on 
the skin for a quarter of an hour so that it can exercise its full effect, after 
which time it can be thoroughly washed off. When this is unprocurable, 
hydrarg. perchlor., 1 in 500 solution, may be used and allowed to dry on, 
followed by boric acid, calamine and zinc oxide in equal parts as a dusting 
powder. Biniodide of mercury, 1 : 1,000, with 1 oz. spirit (28*4 ml.), 
diluted with an equal quantity of water and menthol, 10 gr. (0-65 grm.), 
dabbed on the affected parts after bathing, and allowed to dry, is also 
recommended. Every bathroom in the tropics should be provided with 
some mildly astringent and antiseptic dusting powder. A very good one 
consists of equal parts of boric acid, oxide of zinc, and starch, such as 
Johnson and Johnson’s anti-prickly heat powder. This should be freely 
applied, after careful dr}ing of the sb*n, particularly to the axfllsB, the 
crutch, under the mammae in women, and between the folds of skin in fat 
children and adults. 

As a prophylactic the frequent application of a salicylic-acid (1 dr.) 
and spirit (8 oz.) lotion has been advised. Pearse strongly recommended 
the inunction of a mixture of almond oil and lanoline in the proportion 
of 8 to 1. Calamine lotion, with or without hydrocyanic, or carbolic 
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acids (‘2 i3er cent.), relieves the itching. Inunction with lanoline is also 
recommended once a week. Loose-fitting “ Aertex ” garments of the bush- 
shirt type appear to be the best to wear. Relief from symptoms is produced 
by pyribenzainine. a recent anti-histamine preparation. 

Tropical Cheiropompholyx 

This name is given to vesicular eruptions on the hands, fingers or feet. 
In the majority of cases these are due simply to eczema ; others are signs 
of dermatitis due to external irritants, or are toxic eruptions due to ring- 
worm infection of the toes. Owing to the thiclmess of the horny layer on 
the hand, the vesicles cannot rupture as they would elsewhere, and remain 
in the skin for days like grains of boiled sago. The best treatment is 
calamine and lead lotion with liquor picis carbonis, and sometimes the 
addition of weekly doses of a quarter of a pastille of X-rays, not more than 
four in all. 

It is claimed by Fitz-Patrick that a distinct form, endemic in tropical 
Africa and India, is caused by an anaerobic bacterium which attacks the 
palmar and interdigital aspects of the hands and the plantar aspects of the 
feet. A protective or pellanthum paste is soothing for the irritation. 
The following ointment is suitable : 


Ichthyol . . . . . . . gr. 15 

Zinc oxide \ 

01. oliv. i 

Adeps, lanaB anhyd -Si 

Aq. calcis adgss 


To bo applied night and morning. 

The ointment is rubbed well into the affected parts, and cotton gloves or 
socks are worn. In conjunction with this, resorcin soap must be used. 


VI. FUNGOUS SKIN DISEASES 
Dhobie's Itch (Tinea Cruris) and Pityriasis Versicolor 

^Etiology and nomenclature.— By the lay public all epiphytic skin 
diseases in the tropics — more especially all forms of intertrigo— are spoken 
of as dliobie’s (washerman’s) itch, in the belief, probably not very well 
founded, that they are contracted from clothes which have been con- 
taminated at the washerman’s. There are many sources of ringworm 
infection in warm climates besides the much-maligned dhobie. 

In the tropics, native children often exhibit dry, scurfy patches of ring- 
worm on the scalp ; and the skin of the trunk and limbs of adults is not 
infrequently affected with red, slightly raised, itching rings, or segments of 
rings, of trichophyton infection. In some cases these rings enclose areas 
that are many inches in diameter. 

Pityriasis versicolor {Tinea versicolor) is also very common in the tropics. 
It is the usual cause of the pale, fawn-coloured, slightly scurfy patches so 
frequently a feature of the dark-skinned bodies of natives. On the dark- 
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pigmented skins of negroes, Indians and dark-complexioned Chinese, the 
patch of pityriasis — unlike that in Europeans and light-skinned Chinese — 
is usually paler than the healthy integument surrounding it. The pigment 
in the fungus and the profuse growth of the latter conceal, as a coat of paint 
might, the dark underlying natural pigment of the skin, which, moreover, 
in certain cases seems to be affected (either increased or decreased) by the 
action of the fungus. The disease is most commonly seen in young adults, 
is favoured by excessive perspiration, and especially by flannel underwear, 
and is rarely seen in the aged. 

Several varieties of fungi may be involved in the production of pityriasis; 
besides Malassezia jnrjur, the best-known is Cladosjporium {Dematiuvi) 
mansoni, of which a culture in maltose-agar produces black hemispherical 
colonies, and correspondingly black patches on the affected skin. The 



Fig. 121. — Dhobie’s itch, symmetrical lesions in groins. 


mycelium and spores are retractile with slow budding. The hijphce are 
2-3 fjL, the spores 3-8 /x. Fluorescence can be demonstrated in scaly 
patches by Wood’s light. 

The expression “ dhobie’s itch,” although applied to any itching, 
ringworm-like affection of any part of the skin, most commonly refers to 
some form of epiphytic disease of the crutch or axilla. This infection has 
now become -widespread in Great Britain and endemic in many English 
public schools, where it is spread by infected clothes and water-closet seats. 
The causative fungi are Epidermophyton jiocGosum (syn. E. cruris, E. 
inguinale, etc.), Trichophyton vietagrophytes (syn. T. gypseuyn asteroides, 
etc.), T. nibrum (syn. T. purpwreum, E. rubrum, etc.) and Nocardia 
minutissinia of erythrasma. 

E.floccosum is peculiar to man only ; it is easily cultivated, but grows slowly. 
On Sabouraud’s agar medium it takes a week to develop, and appears first as a 
yellowish glabrous growth with a powdery surface in which masses of the 
characteristic pyriform spindles are found. Subcultures tend to be cottonous 
and show fewer spindles. 
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Symptoms. — The suffering to which certain forms of dhobie’s itch give 
rise is often severe. In hot damp weather, especially, the germs proliferate 
actively, producing, it may be, smart dermatitis. The affection begins 
usually as slightly raised, rounded and elevated papules which spread 
peripherally, producing a raised festooned border covered with thick scales. 
The excessive irritation thus set up leads to scratching and, very likely, 
from secondary bacterial invasion, to boils or small abscesses. The crutch, 
or axillae, or both, are sometimes rendered so raw and tender that the patient 
may be unable to walk or even to dress. (Fig. 121.) It commonly extends 
backwards on the perineum and into the natal cleft about the anus. It often 
affects the skin under pendulous breasts and occasionally forms patches 
resembling tinea circinata on the thighs. The irritations thus produced 
are usually worse at night, and may keep the patient awake for hours. 
Even without treatment, when the cold season comes round, the dermatitis 
and irritation subside spontaneously. The affected parts then become dry, 
pigmented, and scurfy, and the fungus remains quiescent until the return 
of the next hot weather. 

Diagnosis. — The diagnosis of mycotic dermatitis is usually easily made, 
the festooned margin is almost conclusive. If doubt exists, the microscope 
may be necessary ; but, owing to the inflamed condition of the parts, there 
may be much difliculty in finding fungous elements, even when the case is 
certainly epiphytic. A negative result is, therefore, not always conclusive 
against ringworm. I’he mycelial elements can be distinguished in epi- 
dermal scales soaked in liquor potassse. It has to be distinguished from 
seborrliccic derimiilis, mfertrigo, flexural psoriasis and dhobie mark dermatitis. 

Treatment. — The patient should get two pairs of running shorts, which 
should be worn on alternate days, the pair not in use being boiled. After a 
thorough use of soap and water, a preliminary soothing treatment by 
lead lotion, or an ichthyol or hazeline cream, is desirable. 

Ohrysophanic acid may be prescribed in the following form with gutta- 
percha, and should he painted on with a brush on alternate nights. 

Acid, chrysophan. . . . gr.xx (1-296 grm.) 

Chlorof. . . . . 3i (3-5 ml.) 

Liq. gutta-perchae . . - Si (28*42 ml.) 

Cignolin is a synthetic chrysarobin and is useful in all fungoid skin 
affections. Cignolin is apparently free from toxic action on the kidneys, 
and in neat concentrations it can be applied to the scalp without any 
danger of conjunctivitis. The prescription is cadojel (a proprietary tar 
preparation), 1 grm, ; cignolin, 0-l~0-2 grm. ; benzol, 10 grm. If cadojel 
is not obtainable, a suitable formula is : 

01. cadin (deod.) . . . Tllxl (2-368 ml.) 

Cignolin .... gr.iv (0*269 grm.) 

Benzol, rect. . . . . §i (28*42 ml.) 

The combination of cignolin and tar follows the indications closely, for 
the former has a parasiticidal action and the latter is unrivalled for its 
soothing properties. 
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The method of application is very simple, the affected areas being painted 
with the solution twice daily and" then covered with strips of gauze. If 
tliere is too much irritation, then the painted areas are further protected 
with a thin layer of Lassar’s paste or calamine lotion. 

The patient should be isolated and kept in clean pyjamas during treat- 
ment. For three days cignolin, 2 per cent, in soft paraffin, is apphed 
with bandages ; even if one thigh only is affected, both should be treated. 
At the end of this period, only disinfected or non-inf ected clothing should 
be worn, and, as an additional precaution, unguentum acid. benz. should 
be applied nightly to the treated areas. 

For those who cannot tolerate cignolin “ Mycozol ” is suitable and 
consists of : 


Acid. saHcyl. . . . . . .4 per cent. 

Chloretone 5 „ 

Mercury salicylate 4 » 

in a mixture of lanolene and vaseline. 


In America undecylenic and propionic acids have been found effective in all 
forms of tinea infections. Undecylenic acid is used in the form of 10 per cent, 
to 20 per cent, cream of the carbowax or lanette wax types ; a dusting powder 
containing 2 per cent. undec 3 denic acid and 20 per cent, zinc undecylenate is 
also employed. Mixtures containing them are also effective : 


Undecylenic acid 

5 per cent 

Zinc undecylenate 

'' . 20 „ 

Vanishing emulsion base up to 

. 100 „ 

Sodium propionate 

. 16*4 „ 

Propionic acid .... 

. 3*6 „ 

Propylene glycol . ’ . 

5-0 „ 

N-propyl alcohol 

. 10-0 „ 

Zinc stearate .... 

5-0 „ 

“ Carbowax 4,000 ” . 

. 40-0 „ 

Water ad . 

. 100-0 „ 


For the ringworms of the tliick-skinned natives, linimentum iodi of 
double strength, freely applied, is the best, speediest and most efficient 
remedy, but it is too irritating and painful for the European skin. 


Prophylaxis. — The various forms of crutch dhobie’s itch may be 
avoided by w^earing next the skin short cotton bathing-drawers and chang- 
ing them daily, at the same time powdering, after the daily bath, the axillse 
and crutch with equal parts of boric acid, oxide of zinc, and starch. 

Erythrasma is a chronic fungous infection of the stratum eorneum caused 
by Nocardia minutissiTm, characterized by superficial lesions in axillss and 
genitocrural regions, but occasionally involving other intertriginous areas. It 
occurs throughout the world, most commonly in the tropics. The lesions appear 
as punctate to palm-sized circumscribed maculopapular areas which vary from 
light brovm to reddish-brown in colour, with a serpigenous erythematous border. 
In scrapmgs of the skin the fungus appears as short, delicate, branching filam ents 
1/Lt or less in diameter. The morphological characters distinguish it from 
trichophyton and Epidermophyton floccosum. The treatment is the sam e. 
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Dhohie marh dermatitis is produced by fluid from the nut of Semecarpus 
amcardimn, the ral or hella gutti tree and is known as hhilawanol, chola gutti 
in Assam » and chela in India. It is used by dhobies for marking clothes for 
laundering. It contains strong vesicants which withstand repeated washings 
and causes local pruritus with dermatitis, erythema, vesiculation, and crust 
formation. 

Ringworm OF THE Feet (Hongkong Foot; Athlete’s Foot; Mango 
Toe; Brocq’s Eczema; Tinea Pedis) 

A peculiarly intractable infection of the feet, occurring especially 
amongst Europeans, is commonly observed in China and is known locally 
as “ Hongkong foot,” but now has a world- wide distribution; is found in 



Fig. 122. — Ringworm of the foot with allergic eczema. 


schools, athletic clubs, coal mines and the services where communal 
bathing facilities are provided and is associated with conditions which 
produce hot, sweating feet. This mycotic infection, as identified by Dodd, 
is believed to bo a variety of Ejpidermopliyton floccosurn, or, according to 
Beintemar, Trichophyton interdigitale or T. ruhrum. It occurs especially 
during the summer months and appears as deep-seated vesicles about the 
inner margin of the hollow of the sole, or on, or between, the toes at their 
proximal extremities ; or as a macerated condition of the skin of the 
interdigital clefts and of the contiguous surface. Scaling of the skin with 
persistent and intolerable itching is a marked feature, and it often becomes 
secondarily infected (Fig. 122). Often a mycotic infection of the nails 
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and the palms of the hands is associated with it, resembling Hebra’s 
eczema marginatim, which is said to be due to E. floccosim. Isolation 
of the fungus presents difficulties owing to contaminating bacteria and 
moulds, but can he overcome by using potassium tellurite or penicillin to 
mhibit bacterial growth and by adjusting the reaction of the culture 
media to 10*5 to discourage the growth of moulds. A similar condition 
has been described in Turkish baths in England by Whitfield, and in 
swimming pools in the Southern United States, as well as among bathers 
in Holland. As a preventive measure the application of the following 
lotion is recommended : 

Liq. formaldehyd. (40 per cent.) (3*5 ml.) 

Acid, salicyl {S-5 ml.) 

Alcohol and water, equal parts . gviii (227*36 ml.) 

Sulphomerthiolate powder (Lilly & Co.) should be dusted into socks 
after bathing. 

Care must be taken to distinguish dermatophytids or allergic reactions 
which are superimposed upon foot ringworm, especially in T. gypseum 
infections. Where such reaction is present treatment must be directed on 
other lines, trichophyton skin sensithdty tests are useful in differentia- 
tion ; treatment should be directed to the relief of inflammation and 
fungicides should be avoided till the acute stage has subsided. Potassium 
permanganate 1 : 4,000 should be used in cases with much vesiculation 
and applied before and after evacuation of the vesicles. 

Treatment. — The application of WTdtfield’s ointment, after the feet 
have been soaked in hot water, is recommended : salicylic acid 1, benzoic 
acid' 1, coco-nut oil 12, soft paraffin 16 parts. This ointment must be 
persisted with for three weeks or more. Castellani’s 1 per cent, fuchsin 
paint is widely recommended. 

Rademacher (1943) recommended the following treatment: 25 per cent, 
sulphathiazole in talc is dusted on to the lesions daily. Definite improve- 
ment appears within forty-eight hours. A commercial preparation 
consists of 5 per cent, sulphathiazole in a bland ointment and has been 
found satisfactory. All infected areas should be covered with a film of the 
powder. The criterion of cure is the healing of all lesions and disappear- 
ance of adherent cutaneous debris. In refractory cases 10 per cent, of 
powdered sulphathiazole is made up with 2 per cent, salicylic acid oint- 
ment. The course of treatment lasts from two weeks to one month. 

Other authorities favour azochloramide in triacetin, 1 in 500. TMs 
penetrates some distance into the tissues and thus enables the germicide 
— azochloramide — to extirpate the deeper filaments. This preparation 
N-N— dichloroazo-dicarbonamidine, is a complex chlorine compound, 
which liberates chlorine slowly. Carbon tetrachloride may also be 
effective. 

Mycil dusting powder (BDH) contains chlorphenecin, talc, zinc and 
boric oxides. Sopronol ointment is composed of sodium propionate, 
proprionic acid, sodium caprylate, zinc caprylate and dioctyl sodium 
sulphosuccinate and is recommended. Mersagel (Glaxo) is a fungicide 
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jelly containing phenyl mercuric acetate (1 in 7 50). Another is Merthiolate 
cream, and also tincture of merthiolate, a solution of merthiolate in spirit, 
which sinks deep into the affected skin and thereby kills off the spores 
of the fungus. 

For eczematous complications the toes should be separated by strips of 
gauze, and the foot should be covered with it and kept constantly wet 
with glycerine of lead subacetate, 1 oz., glycerine, 1 oz. and water to 1 pint. 
This lotion can be later replaced by Lassar’s paste. If a staphylococcal 
infection is present, dressings of acrifiavine, 1 in 20,000, should be applied. 

As an after treatment Macleod recommended bathing or paddling in 
sea- water. 

Infected patients should take careful precautions against the spread of 
the fungus, and should wear special slippers in the bathroom, and the feet 
should be dusted with 1 per cent, salicylic acid in talc. Loofah soles 
and bath towels are recommended as they can ])e sterilized by washing. 

As a measure against re-infection the patient may wear cotton toe-caps, 
which must be boiled, and he should also have a rubber bath-mat for 
exclusive personal use. Shoes and woollen socks must ])e sterilized by 
forniol vapour. 


Ringwoum of the Nails (Tinea Unguium) 

This is a mycotic infection of tlie nails and is a comparatively common 
and extremely intractable condition in Europeans, especially in India and 
China ; it may last for twenty years or more. It may occur as an inde- 
pendent affection, or secondary to ringworm of the skin, scalp or beard, 
and is often found in association with tinea cruris. One or all of the nails 
of both hands and feet may be attacked. The fungus is a trichophyton, 
usually T. ruhru7n or T. metagropUytes, 

The fungus first attacks the epidermis of the nail-bed and gradually 
invades the nail matrix. In doing so it causes considerable discolouration, 
ridging and Assuring of the nail itself, which becomes opaque, with a brittle, 
frayed edge. The fungus may pass from the skin over the nail-fold and in 
this manner reach the matrix. 

Diagnosis. — The appearance of the affected nail is not sutficiently 
characteristic to be distinguished without microscopic examination. The 
disease is generally well advanced before it can be recognized] For micro- 
scopic diagnosis, scrapings of the nail are boiled in liquor potasses, or left 
to soak for twenty-four hours. The scrapings themselves should be made 
as thin as possible with a piece of glass. The fungus can then be recognized 
in the softened nail d6bris, especially in small dark haemorrhagic spots. 
The diseases liable to confusion with ringworm of the nails are eczema, 
syphilis and, especially, psoriasis. 

Treatment. — In the early stages, when the lunule is attacked, the 
disease may be stamped out by softening the affected portion with solution 
of potash, and painting with tincture of iodine or with a 2 per cent, solution 
of corrosive sublimate in alcohol, twice daily. When the nail is completely 
involved, cure is almost impossible save by extirpation or by avulsion. 
The result is, however, disappointing, as the new nail usually becomes 
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infected in turn. After removal, the thickened nail-bed should be scraped, 
and the matrix dressed with a parasiticidal ointment : 

Acid. salicyL . . . gr.xxx (1-944 grm.) 

Hydrarg, ammon. . . . gr.xv (0-097 grm.) 

Vaseline . . . - Si (31-1 grm.) 

Fuchsin paint is also effective. 

The shedding of the nails by application of X-rays is unsatisfactory. 
Less severe cases are treated by softening the nail-plate by wearing rubber 
finger-stalls containing soft soap for a few days ; the softened nail is then 
scraped down as far as possible with glass, followed each time by the 
application of lint soaked in Sabouraud’s iodine (iodine 5, potassium iodide 
1, water 100), which should be kept in position by a loose rubber finger-stall. 

Mycosis of the Ear (Otomycosis) 

]\Iycosis of the external auditory meatus is popularly known as “ Panama 
ear,” “ Surfer’s ear,” “ Hot weather ear,” or otitis externa diffusa, and 
more descriptively as “ desquamative external otitis.” According to 
Davis (1943) the majority of cases show a coexisting fungous infection of 
other parts of the body. The infection declares itself by soreness and 
redness of the external auditory meatus, with tenderness on contact and 
pain on chewing. The external canal is coated with a moist, soft, 
sebaceous-like detritus. In the third stage the walls become swollen so 
that the canal is obliterated. The pain produced is worse at night and 
there is moderate pyrexia. Fungous mycelium and spores can be demon- 
strated in the detritus (Asjpergillus niger and A. flavus), but numerous 
other fungi have also been described. For treatment the ear is syringed 
out and swabbed with spirit. Glycerine and ichthyol (10 per cent.) tampons 
are inserted. Subsequently the canals are daily swabbed wdth spirit and 
painted with carbol-fuchsin paint. Other authorities use 5 per cent, 
suspension of mercuric chloride in liquid paraffin as drops. Excoriations 
are treated with ammoniated mercury ointment. 

Tinea Imbricata 

Synonym. — Tokelau Ringworm. 

Geographical distribution. — ^The affection is principally met in the 
Eastern Archipelago and in the islands of the South Pacific, where it 
affects a large proportion of the population. It has been found to extend 
westwards as far as Burma, and northwards as far as Formosa and Foochow 
on the coast of China. Cases have been reported from Central Africa and 
the interior of Brazil. Once introduced, it spreads very rapidly in countries 
with a damp, equable climate and a temperature of 80-90° F. Very high 
or very low temperatures and a dry atmosphere are inimical to its extension. 

Etiology. — On detaching a scale and placing it under the microscope, 
after moistening with liquor potassse, a trichophyton-like fungus can be 
seen in enormous profusion. The parasite evidently lies between epidermis 
and rete, and by its abundance causes the former to peel up. As the 
fungus does not die out in the skin travelled over, it burrows under 
the young epithelium almost as soon as the latter is reproduced. Hence the 
peculiar concentric scaling and the persistence of the disease throughout 
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the area involved. When the scales are washed off by the vigorous use 
of soft soap and hot water, the surface of the skin is seen to be covered 
with brownish parallel lines — evidently the slightly pigmented fungus 
proliferating and advancing under the young epidermis. 

The parasite, said to be of two varieties. Trichophyton conceyitricum (syn. 
Endodermophyton concentricum) and T, indicurn, can be cultured by immersing 
the scales in alcohol for five to ten minutes and then placing them, one scale to 
each tube, in glucose broth. After five or ten days the scales, if un contaminated, 
are transferred to solid media, and growth takes place in three or four weeks. 

Symptoms. — Tinea imbricata may at first be confined to one or two 
spots on the surface of the body ; usually, in a short time it comes to 
occupy a very large area. It does not generally affect the soles and palms, 
although it may do so ; nor is the scalp a favourite site. Baker remarked 
that it avoids the crutch and the axillae. With these exceptions it may, 
and commonly does, sweep over and keep its hold on almost the entire 
surface of the body, so that after a year or two a large part of the body is 
covered with the dry, tissue-paper-like scales, arranged in more or less 
confused systems of concentric parallel lines. This arrangement of the 
scales is absolutely characteristic of the disease (Plate XVIII). 

An inoculation experiment readity explains the production of the scales, 
their concentric parallel arrangement, and the mode of extension of the 
patches. About ten days after the successful inoculation of a healthy skin 
with tinea imbricata, the epidermis at the seat of inoculation is seen to be 
very slightly raised and to have a brownish tinge. Presently the centre 
of this brownish patch — perhaps a quarter of an inch in diameter— gives 
way, and a ring of scaling epidermis, attached at the periphery, but free, 
'ragged, and slightly elevated towards the centre of the spot, is formed. 
In a few days this ring of epidermis has extended so as to include a larger 
area. 

The scales, if not broken by rubbing, may attain considerable length 
and breadth ; but, of course, their dimensions are in some degree deter- 
mined by the amount of friction to which they are subjected. Usually, 
they are largest between the shoulders — that is, where the patient has a 
difficulty in scratching himself. The lines of scales are from ^ to J in. apart. 

Diagnosis. — From ordinary ringivorm, tinea imbricata is easily dis- 
tinguished by the absence of marked inflammation or congestion of the 
rings, by the abundance of the fungus, by the large size of the scales, by 
the concentric arrangement of the many rings or systems of rings, by the 
non-imphcation of the hair, and by the avoidance of crutch and axillae. 
From ichthyosis it is distinguished by the concentric arrangement of the 
scaling, by the peripheral attachment of the scales, and by the presence of 
an abundance of fungus elements. 

Treatment. — The best treatment for tinea imbricata in natives is the 
free application of linimentum iodi ; its action is said to be increased by 
the addition of salicylic. acid, 15 gr. to the ounce. Limited patches may 
be treated with chrysophanic acid ointment (20 gr. to the ounce), or by the 
more modern preparation, cignolin. Clothes should be boiled or burned. 

Prophylaxis. — Daniels related that tinea imbricata is a comparatively 
rare disease in Tonga, and the natives attribute this to their custom of 
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oiling the body with coco-nut oil. Since the Fijians adopted this practice 
the disease has become somewhat less prevalent among them. Personal 
cleanliness, and the immediate and active treatment of any scaling spot, 
should be carefully practised in the endemic countries. Amongst certain 
Central African tribes it has never been observed in women, who oil their 
bodies, whereas the men, -who do not adopt this custom, are subject to 
the disease. 

In Tahiti the use of chrysophanic acid is now general among the natives ; 
as a consequence, the disease is less prevalent there than it was only a 
few years ago. 

VIL SPIEOCH.ETAL SKIN DISEASE AND AFFECTIONS OF 

THE HAIES 

PiNTA 

Synonyms.— Caraate ; Mai del Pinto. 

Definition. — A spirochsetal disease characterized by peculiar pigmented 
patches on the skin. “ Pinta,’’ a Spanish word to describe spotted or 
mottled appearance, was first used by Oviedo (1505-1516). 

Geographical distribution. — ^Pinta occurs in certain districts in tropical 
America, especially along the river banks — in Mexico, Venezuela, Colombia, 
Bolivia, and in one or two places in Peru, Chile, Guatemala, Honduras, and 
Brazil. 

^Etiology. — ^For many years this peculiar skin disease was regarded as 
due to parasitic fungi. Menk (1926) on the high percentage of positive 
blood Wassermanns suggested that it was a spirochsetal disease. Saenz, 
Armenteros and Triana in Cuba (1938) found spirocbaetes in the skin 
abrasions, and Blanco (1938) obtained them by lymph gland puncture. To 
this spirochaete the name of 8. lierrejoni was given. This discovery was 
confirmed by Blanco (1938) in Mexico, by Iriate in Venezuela (1939) and 
by Leon in Ecuador, who found the organisms especially abundant in the 
early papules. Brumpt (1939) proposed the name Spiroch(eta (Treponema) 
carateum. There has been some confusion about the correct terminology, 
but it is now considered that the name Spirochceta carateum, as proposed 
by Brumpt, has priority. 

* This spirochEete, in measurement as well as in appearance (by dark- 
ground illumination), is closely allied to 8. pallida. When first isolated it 
is very active, but its motility decreases 
in about twenty minutes. It is 12 to 18 
fjL in length, and easily stained by silver 
impregnation and by Giemsa stain. It is 
readily dissolved by saponin and dies in a 

short time in bile (Fig. 123). Pis. 123. Spirochaeta carateum 

Varela claimed that S. carateum has certain [Atter Leon y Blanco.) 

differences fifom most other spiroohsetes. 

When stained by Giemsa it has a flexible cylindrical forra with pointed ends. 
The turns are 0*6—1 [x in width, 0*4-D*6 jjl deep and 9—10 in number. 

Animal inoculations. — The Venezuela Commission reported that inocu- 
lations in guinea-pigs, rabbits and rats were without result. 

Varela and Olarte have shown that antibodies are present against 


A 
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S. carateum in the serum of pinta patients. There is no cross immunity 
between pinta and syphilis. Thus syphilitic chancres may be seen in 

pinta subjects, and pinta can 
be transmitted to syphilitics. 
Attempts to inoculate pinta 
subjects with yaws have been 
partially successful. Never- 
theless antibodies against S. 
carateum are present in the 
serum of syphilitics. 

Human Inoculations. 

—Blanco (1940) demon- 
strated, by inoculation into 
volunteers, that the disease 
is infectious and may be 
easily transmitted when a 
small amount of serum from 
a pinta lesion is injected. In 
syphilitic patients an initial 
papule developed, but the 
secondary eruption was aty- 
pical. Positive Wassonnaim 
reactions were ol')tained, but 
not before the appearance of 
the secondary eruption. The 
primary lesion differs from 
that of syphilis or yaws in 
that it is always closed and 
does not ulcerate. Experi- 
mental inoculations showed 
that previous syphilis does 
not give absolute immunity 
to pinta. 

Pathology. — The spiro- 
chsetes are chiefly located in 
the Malpighian cells, especi- 
ally in small areas of acan- 
thosis in the epidermis. A 
greater involvement of the 
Fig. 124. — Pinta, vitiliginous form, from Ecuador, corium has been described 
(Dr. L. A. Lion, Quito.) in pinta than in yaws, but 

much less than in syphilis. 
Spirochsetes may be demonstrated in lymph obtained from glands near the 
lesions. The hair follicles and portions of the sweat glands are surrounded 
by inflammatory cells. The pigmentary function is specially affected in 
pinta, and scanty pigment granules may be seen inside the cells of the 
stratum germinativum ; they are also present in other cells of the 
Malpighian layer and in the melanophores of the dermis. 
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Symptoms.— There are two periods in the development of pinta: the 
primary phase and that of generalization. The incubation period in 
experimental inoculations varies from 7-20 days, by which time an initial 
papule appears. This extends peripherally as a squamous, reddish patch, 
reaching a diameter of 1 cm. in a month, and then continues to spread 
peripherally. Secondary lesions appear in crops around the primary 
papule, spreading to other parts in about five months. Psoriasis-like, 
trichophytoid and linchenoid types are recognized. Progressive hyper- 
pigmentation is then observed; later still, depigmentation, which gives 
rise to various colours, or vitiliginous spots, ranging over the body. The 
colour of the lesions in order of frequency appears to be blue, white, 



F!g. 125.n~Hyperkeratosis of soles of feet in pinta. [Dr. L. A. Leon, Quito.) 


mixed, lead-coloured, violet, black, red or yellow. The spots vary in size 
and in shape: round, oval or irregular. They are not elevated, but are 
always strikingly visible (Fig. 124). The most marked subjective 
symptom is pruritus. 

In natural infections the primary lesion is usually on an exposed part, 
particularly the legs and feet and arms, extending to the hands and face. 
According to Blanco, the initial lesion is never seen on the palms, or on the 
trunk. Modern observers divide the disease into three distinct stages, 
showing different clinical, serological and immunological features. 

The primary stage occupies tlie period when the initial lesion is present 
and lasts from five months to one year. The secondary stage is charac- 
terized by skin lesions or papules which are rapidly converted into er 3 rthe- 
matous squamous lesions (named ^pintids) and ensues five months to one 
year from the time of infection. In the tertiary, or dyschroyrm, stage there 
are achromic or pigmentary spots, erythema, keratoderma and superficial 
atrophy. Super-infections may be produced by inoculations at this stage. 
Hyperkeratosis of palms and soles, as in yaws, are to be regarded as late 
manifestations (Pig. 125), but according to Mazzotti these are not found in 
Mexico, but may be due to a superinfection with yaws. Eosinophilia and 
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an increase of basophil cells occur in a high percentage of cases. Oncbo- 
gryposis, or pigmented changes in the nails is frequent. 

The exact relationship of pinta to syphilis is further complicated by 
the fact that Sreiiz in Cuba found aortitis, aneurysm and enlargement 
of the diameter of the heart and valvular lesions in 23*3 per cent. The 
association of this skin spirochsetosis with visceral syphilis is of course 
conceivable. 

Diagnosis. — The characteristic spirochsetes are present in the lesions, 
but obviously it is impossible to differentiate them in their morphology 
from S. pallida or S. pertennis, Pinta is often associated with syphilis 
and yaws lesions, such as juxta-articular nodules. Saenz found changes 
in the cerebro-spinal fluid in 10 per cent, (increased globulin content and 
colloidal gold curve). 

Depigmented, or vitiliginous, areas are common in tertiary yaws and 
syphilitic lesions in the coloured races to which pinta is almost entirely 
limited. It is obvious that many other skin diseases have in the past been 
confused with pinta. Apparently too many examinations have been made 
for the presence of fungi and micro-organisms without proper cleansing 
and disinfection of the skin. 

Oteiza (1945) has described a reaction, by injecting the serum of early 
cases intradermally into the forearm of volunteers. An erythematous spot 
formed in from six to sixty-one days, about the size of a pin’s head, often 
with satellite papules. Spirochaetes were subsequently demonstrated in 
the lesions. 

Differential diagiaosis has to be made from leprosy, yaws, syphilis, 
erythrasma, pityriasis versicolor and other epiphytic skin diseases, and 
also from plain vitiligo or leucoderma. 



Fig. I26.“-Human hair f magnified) affected with Tnchosporum beigeli. 

Treatment. — The modem treatment for pinta is neosalvarsan, bismuth 
preparations and penicillin as described for yaws. The superficial skin 
lesions yield rapidly to salvarsan, but the atrophic vitiliginous spots remain 
unaffected, as in yaws. The Wassennann reaction in a proportion of cases 
remains positive after disappearance of the lesions. Oral administration 
of aureomycin causes the disappearance of 8. camteum from the interstitial 
fluid obtained by pressure of the skin after excoriation of the epidermis 
(Mazzotti and Olarte, 1949). 


TRIGHOSPOROSIS 
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Synonym . — Piedra. 


The black piedras are found in South America, chiefly in Brazil, Paraguay , 
Ecuador, Argentina, Uruguay, Colombia, etc. The small black 
nodule on the hair shaft is the ascostioma of the fungus Piedraia Jiojiai 
belonging to the Asterinecet a family of fungi parasitic on the leaves of 
trees in very humid climates. The nodules consist of tightly packed 
stroma of dark-brown hyphae 4r-8 fx in diameter ; when crushed, asci 
containing fusiforin curved ascospores are revealed. The white piedras 
are more widely distributed, being found in various countries of South 
America, Africa, Southern Asia, Japan and parts of Europe. The multiple 
white nodules on the hair are formed of sclerotial masses of the mycelium 
of the fungus Tricliospovum heigeli and other species, which are related to 
the common fungi known as Geotrichum, Oidium or Mycodema. In 
contrast to black piedra this white form attacks chiefly the coarse hairs 
of the body (Figs. 126, 127). 

Microscopically, the nodules, which are not so discrete as in black 
piedra, consist of a mass of polygonal cells, yellowish-green to brown, 
with a definite cell-wall. The 


cells of a mycelial thread are 
separated from one another by 
thick black cell-walls, between 
which there is little intercellular 
substance. 

The hyphoe tend to be perpen- 
dicular to the surface of the 
hair and segment into round or 
oval cells, 2-4 /x in diameter. 
Budding cells (blastospores) are 
also seen in the mycelial mass. 
Colonies of T. heigeli on 
Sabouraud’s medium develop at 
room temperature and appear 
first as a cream-coloured, slimy 
growth which is soft in con- 
sistency. 

Treatment. — The affected 
hair should be bathed twice daily 
with a lotion consisting of 1 dr. 
of formalin to 6 oz. of rectified 



spirit, reinforced by 2 per cent. Fig. 127 .— Fungus elements of T. heigeli, 
sulphur ointment. The affected 


surrounding skin should be rubbed with mercurial ointment. 


Trichomycosis 


Synonyms. — Trichonocardiasis ; Trichomycosis axillaris. 
Trichomycosis is a fungous disease of the hair which in many ways 
resembles piedra. It may produce skin irritation and stain the clothes. 
The shafts of the hairs, more especially those in the axilla, are attacked. 




688 


TROPICAL SKIN DISEASES 


Trichonocardiosis axillaris is common in many parts of the world, includmg 
England. It is caused by Nocardia iemiis, which produces a hard 
mucilaginous substance in which pigment-forming cocci vegetate, causing 
the distinctive black, red, and yellow varieties. N. tenuis is difficult or 
impossible to culture. 

Treatment. — Consists of bathing with formalin and spirit and applying 
mercurial ointment. 

VIII. SKIN DISEASES CAUSED BY ANIMALS 
The Chigger, or Sandflea 

This insect, formerly confined to the tropical parts of America (30° N. 
to 30° S.) and to the West Indies, appeared on the West Coast of Africa 
for the first time about the year 1872. Since that date it has spread all 
over the tropical parts of that continent, and even to some of the adjacent 
islands — Madagascar, for example. As a cause of suffering, invaliding, 
and indirectly of death from secondary infections, it is an insect of some 
importance. It is now extremely prevalent on the East Coast of Africa, 
and is causing a large amount of invaliding among the Indian coolies 
there by whom it has been introduced into India 
as far east as Karachi, but in no other part. 

The chigger {Tunga pmetrans) is not unlike the 
common flea either in appearance or, with one 
exception, in habit. It is somewhat smaller 
(1 mm,), the head being proportionately larger 
and the abdomen deeper than in the flea. 
It is red or reddish brown. Like the flea, its favourite 
haunt is dry, sandy soil, the dust and ashes in badly 
kept native huts, the stables of cattle, poultry pens, 
and the like. It greedily attacks all warm-blooded 
animals, including birds and man. Until impreg- 
nated, the female, like the male, is free, feeding intermittently as oppor- 
tunity offers. As soon as she becomes impregnated she burrows diagonally 



Fig. 128.--Chigger, 
impregnated female. 

X 10. (Blanchard.) 



Fig. I29.~Sectioti of female chigger in the stratum lucidum of the skin. 
(Fullebomf Arch, fur Schiffs-uTid Tropenhyg.) 
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into the skin of the first warm-blooded animal she encounters where, 
being well nourished by the blood, she proceeds to ovulation. By 
the end of this process her abdomen, in consequence of the growth 
of the eggs it contains, has attained the size of a small pea. (Pigs. 128, 129.) As 
seen in Fig. 129, the chigger within the epidermis enters the stratum lucidum, 
which it invades and pushes before it. The epithelial layer becomes attenuated! 
The parasite becomes anchored in the corium by means of chitinous excresences 
which stick out into the surrounding tissues. The first anterior and the two 
posterior segments do not participate in the enlargement, the latter acting as 
a plug to the little hole made by the flea on entering the skin. When the eggs 
are mature they are expelled by strands of muscular fibres which intersect the 
abdomen. They fall on the ground and, according to Hicks, the larva hatches 
on the third or fourth day ; the first moult occurs on the fifth to eighth day 



Fig. 130. — Septic lesions of foot caused by chiggers. 


and preparation for pupation on the sixth to seventeenth days. The larva 
pupates at the same time, and the imago usually emerges about the seventeenth 
day. (See also Appendix p. 1070.) 

During her gestation the chigger causes a considerable amount of 
irritation. In consequence of this, pus may form around her distended 
abdomen, which now raises the inflamed integument into a pea-like 
elevation.^ After the eggs are laid (according to some, before this process) 
the superjacent skin ulcerates, and the chigger is expelled, leaving a small 
sore which may he infected by some pathogenic micro-organism, such as 
the bacterium of phagedsena or of tetanus, with grave consequences. 
(Kg. 130.) 

The chigger is not a good jumper and therefore she seldom attacks the 
skin above the dorsum of the foot. 

The soles (Fig. 181), the skin between the toes, and that at the roots of 
the nails are favourite situations. Other parts of the body are by no means 
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exempt ; the scrotum, the penis, the skin around the anus, the thighs, 
and even the hands and face, are often attacked. Usually only one or two 
chiggers are found at a time ; occasionally they are present in hundreds 
the little pits left after their extraction, or expulsion, being sometimes so 
closely set that parts of the surface may look like a honeycomb. 

Ulceration is common, and may follow removal of the chigger or natural 
extrusion of the egg-sac. The ulcer commences as a tiny pit and, as it 
extends, the sloping edge may develop into a septic ulcer. It remains more 
or less circular in outline, except under the nail or nail margin, where the 



Fig. 131. — Chiggers in sole of foot. (Dr. G. W. Daniels.) 


outline is more irregular and a pocket of pus forms underneath it. Chronic 
absorption of pus may lead to thrombophlebitis. 

Treatment. — In chigger regions the houses, particularly the ground 
floors, must be frequently swept and accumulations of dust and d6bris 
prevented. The housing of cattle, pigs, and poultry demands the same 
precautions. The floors should often be sprinkled with carbolic water, 
pyrethrum powder, D.D.T., or similar insecticide, and walking bare-footed 
must be avoided. A daily bath must be taken, and any cliiggers that may 
have fastened themselves on the skin at once removed. They may be 
killed by pricking them with a needle, or by the application of chloroform, 
turpentine, mercurial ointment, or similar means, after which they are 
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expelled by ulceration. The best treatment, however, is not to wait for 
ulceration, but to enlarge the orifice of entrance with a sharp, clean needle 
and neatly to enucleate the insect entire. Some native women, from long 
practice, are experts at this little operation. The part must be dressed 
antiseptically and protected until healed. Europeans living in an endemic 
district should wear high boots. A daily inspection of the feet, especially 
under the nails, is advisable. Should any black dot be discovered, the 
cliigger should at once be removed. 

Prophylaxis.— If avoidable, camps should not be formed in chigger- 
infested spots or in the neighbourhood of native villages. The camping- 
ground should be swept or, if necessary, fired : the floors of huts and tents 
may be sprayed with insecticides and naphthaline, and native tobacco 



Pig. 132 . — Pediculoides ventricosus. X 80. {After Alcock.) 
A, Jfale ; B, adult, female ; 0, pregant female with brood-sac. 


dusted inside boots or shoes. Balfour recommended that the feet be rubbed 
thoroughly with a mixture consisting of 5 drops of lysol, or liq. cresoli sap., 
in 1 055. of vaseline. Special attention should be paid to the interdigital 
clefts. Pigs should not be kept in the vicinity of dwelling-houses, as these 
animals are severely attacked by chiggers. 

Acarinb Deematosis 

Several forms of mites inhabiting sugar, grain, or copra may live as 
temporary parasites on the skin of man, and set up an intense irritation 
not unlike that produced by scabies. One of the most familiar of these is 
“ grocer’s itch,” set up by mites of the genus Glycopliagus, which are 
common in raw sugar and cause an erythematous rash. Among the copra 
workers in Ceylon and the Pacific islands a similar skin affection is due to 
Tijroglyphus, “ Grain itch,” an urticarial and papular eruption of the 
exposed parts of the body, is caused by Pediculoides ventricosus (Fig. 132, 
A, B, c) in those who handle grain, cotton-seeds, or beans. These mites 
^ve rise to a severe pruritus. Preventive treatment consists in the applica- 
tion of 6 per cent, beta-naphthol ointment, and dilute carbolic acid to 
kill the mites. 

23 
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Nunez Andeade’s Disease 

A parasitic dermatitis resulting from the bites of the larvae of NeoscJion- 
gastia mmezi in Brazil. Molluscoid lesions are accompanied by internal 
priiritis. This insect, ()*33~0-45 mm. in length, is a connnon parasite of 
fowls. 


Butterfly and Moth Dermatoses 

Leger, Moiigels and Boze have described urticaria, conjunctivitis and 
facial oedema due to contact with a saturniid moth, Hylesia urtieans, in 
French Guiana. In Celebes similar lesions are evoked by another moth, 
Scirpo'phaga innotata. The dorsal side of the wings of this moth are 
covered with a greyish- white powder which is the irritating agent. 

Le Gac and colleagues describe a similar dermatitis due to another 
moth, Anagjlie renata. The imago and the larvie are clothed with detach- 
able irritating hairs. Africans as well as Europeans are affected in French 
Equatorial Africa. Similar moths occur also on the Gold Coast. Cater- 
pillar dermatitis is provoked by the hairs larva3 of many kinds of butterflies 
and moths. In Brazil, especially, flannel moths {Megalopygidce) are well 
known. In New Guinea and N. Australia the species is Ochrogasta 
coniraria (Bercovitz). 
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CHAPTER XLII] 

TROPICAL PYOMYOSITIS—RHINOSPORIDIOSIS— RHINO- 
SCLEROMA— AINHUM— BIG HEEL— ONYALAI— CHIUFA— 
TROPICAL EOSINOPHILIA 

1. Tropical Pyomyositis 

Synonyms. — Myositis Piirulenta Tropica; Tropical Myositis; “Bung- 
pagga” (Patton). 

History and geographical distribution. — In 1912 H. H. Scott described 
this disease in Jamaica. Deep intramuscular abscesses were associated with 
pyrexia, and a striking feature was the hard swellings set up by enormous collec- 
tions of serous fluid. A small bacillus was isolated, which was named B. serofaciens. 

In the same year Kiik found intramuscular abscesses very common in the 
Cameroons ; and in Duala, in 1907-1908, out of 386 natives, IS were operated on 
for intramuscular abscesses, and out of 86 Europeans, 5 were thus treated. 
In natives abscesses were multiple ; in Europeans usually single, and they 
varied in size up to that of a hen’s egg. He believed that they were secondary 
to Loa loa infection. 

In 1913, Wise and Minnett in British Guiana described what was obviously 
the same condition, and they failed to find remains of adult filarise ( Wuchereria 
bancrofti) in the pus, though filaria embryos were discovered in seven. Re- 
currence of abscesses in the same patient was a feature of the disease. In most 
instances streptococci were isolated from the pus. 

P. A. Buxton (1928) published a very complete account of myositis as he 
observed it in Samoa, and was convinced on setiological grounds that myositis 
is distinct from the deep suppuration sometimes obsen^ed in filariasis. It is of 
considerable importance in Samoa, and was observed in Europeans, Samoans, 
half-castes, Chinese, and Melanesians. He found that pulmonary complications 
were not infrequent, abscesses were invariably intramuscular, suppurative and 
non-suppurative lesions were common, while Staphi/lococcus aureus was the 
organism responsible. 

AEtiology. — The infection was regarded by Pawan as secondary streptococcal 
and staphylococcal infection in filaria-infected subjects, Grace thought that the 
causal organism was a haemolytic streptococcus derived from the throat. Von 
Bormann thought that the organism was a haemolytic staphylococcus, usually 
8. aureus, less commonly 8, a!bus, Erasmus in East Africa found the former 
most frequently. In the Editor’s experience these two organisms are responsible, 
though occasionally 8treptococcus jayogenes is found. 

The site of entry is uncertain, but dissemination appears to take place by 
the bloodstream, for the lymphatics and lymph glands may show no sign of in- 
flammation. 

Associated' infections, — ^Pyomyositis is more apt to occur in persons who are 
debilitated as the result of some other longstanding infection. In the Editor’s 
experience this has been either ancylostomiasis, malaria, and, in a proportion, 
syphilis. In his series of cases the Wassermann reaction was positive in 50 per 
cent. One of the chief aims of treatment should be the er^cation of these 
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concomitant infections, and, wherever necessary, antisyphilitic treatment 
with salvarsan and bismuth should be instituted. 

Symptoms.— Several types may be distinguished. 

Acute noii-siippiirative stage . — An indurated, tender, ill-defined mass can be 
felt in tlie affected muscles where the patient complains of pain. There is usually 
slight pyrexia, with inflammatory reaction over the neighbouring tissues and 
pitting oedema. On incision the tissues are oedematous, whilst the regional 
lymph glands are usually enlarged and tender. 

Aciite suppurative stage . — The clinical features are those of a deep-seated 
abscess, and, on incision, large collections of pus in the affected muscles are 
evacuated. The abscess cavity is loculated,- requiring a wide incision and the 
breaking down of septa formed of dense indurated muscle, or fibrous tissue. 
The numerous sloughs in the cavity are characteristic. These abscesses occur 
in widely separated* sites : in the thigh muscles, pectoralis major, serratus magnus, 
latissinius dorsi, gastrocnemius, flexor muscles of arm, iliopsoas and internal 
oblique. Generalised septicaemia may result. 

Chronic abscesses have been recorded in the adductor magnus. 

Diagnosis. — The diagnosis of pyomyositis should not present any great 
difficulty, but it has to be differentiated from gummatous suppuration, 
filarial abscesses, glanders, melioidosis, rheumatic nodules and swelling, 
osteitis of femur, cold abscesses of sacro-iliac joint, septic mastitis, peri- 
nephric abscess and fibrosarcoma. 

Treatment,— Under modern conditions treatment consists of essential surgical 
incisions and the administration of a sulphonamide — sulphadiazine by choice — 
by the mouth. Vigors Earle (1946) has proved the efficacy of penicillin by 
injection of 2,000 units two-hourly up to 11 doses. No doubt in future penicilhn 
treatment will be adopted wherever pyomyositis occurs. 

11. Rhinospobidiosis 

Definition. — A disease due to a yeast-like organism, Rhinosporidium seeberi^, 
which infects the mucous membrane of the nose, producing nasal polypi and 
tumours on the cheek, conjunctiva, lacrymal sac, uvula, ear, glans penis and sldn. 

History.— i2. seeberi was first described in Argentina (1896), and considered 
to be a protozoon allied to Coccidmm. Subsequently it was found in nasal 
polypi by O’Kinealy in 1903, when the organism was described by Minohin and 
Fantham. Ashworth (1923) thought that the organism is probably a yeast, or 
phycomycete. F. Allen (1936) has written the most complete account based 
on a study of sixty cases. 

This parasite has now been recorded from India, Ceylon, Argentina, Paraguay 
and Uruguay, Uganda (Mowat and Hennesey, 1941), and the United States. 

iEtiology . — Rhinosporidium seeberi (Wernicke, 1903) is a spherical or oval 
non-motile organism which occurs in polypoid growths, usually lying between 
the connective-tissue cells. The earliest stages are about 6 (jl in diameter, with 
a chitinous envelope, vacuolated cytoplasm, and vesicular nucleus containing 
a karyosome (Fig. 133, a, b). When fully-grown, the cyst, or sporangium, 
may measure 0*25-3 mm. in diameter, but when half-grown the nucleus com- 
mences to divide by binary fission, until thousands are produced, of which the 
majority become daughter-spores, though a considerable proportion remain 
unchanged. The fully-formed sporangium (Fig. 133, c) finally bursts and 
discharges the spores, which are enclosed in chitinous envelopes ; they then 
spread into the connective tissues via the lymph channels, and on reaching 
suitable spots the trophic stage at once begins and the cycle is repeated. 

'Becently some authorities hare expressed the view that R. seeberi is in reality a protozoon. 
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Fig. m.—RUnospondium seeberi. (After Ashworth; by permission of 
Soy. 8oe. of Edin.) 

A, Trophic stages. B, Section of a stage wth 64 nuclei, 24 of which lie in this section. C Snoraneium 
ThffiS^snoresto^i^p^rfh^n^^P^^®^ mucoid substance, through a wide orifice. 

sporoffi 

the" “hi 


Attempts at cultivation proved partially successful in Ashworth’s hands, and 
multiplication of the spores took place, but slowly, on Sabouraud’s medium. 

The mode of transmission of this parasite is undetermined, but the 
occurrence of a closely related organism, i?. egui, in the nasal cavities of the 



Fig. 134. — Rhinoscleroma of two years' duration in an Egyptian woman. 
{Dr. H. K, Qiffen.) 
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horse is siiggeslivo. Ayzar in India has found it in the noses of cattle 
(1925). 

Allen (1066) l)as iigured multiple pedunculated tumours on the nose 
and face gonorally and has described one case in particular with secondary 
tumours on ])of h feet, which ultimately became distributed over the whole 
body. 

Treatment consists in removing the polypi from the nares by a wire 
snare. Medical treatment does not appear to be indicated, although 
Wright reported that the tumours disappear after intravenous injections 
of tartar emetic. Allen (1936) used neostibosan though it is not always 
effective. A popular native remedy is a snuff composed of tobacco leaves 
and lime. 

III. Eiiinosclbroma 

Ehinoscleroma (Sclcrovia res'piratonum) (Fig. 134) is a well-marked 
disease in all its aspects, pathological or bacteriological. It has a world- 
wide distribution, but at the present day is much commoner in the tropics 
than elsewhere. It takes the form of spontaneous, painless, and exceedingly 
chronic inflammatory growths occurring at any place in the respiratory 
passages from the nostrils to the hilum of the lung. Gross deformity of the 
nose, or narrowing or distortion of the respiratory passages results. Some- 
times there is perforation of the nasal septum with total destruction 
of the uvula. The process extends along the respiratory passages with 
little change in the surrounding tissues ; on the whole, it tends to form 



Fig. 135. — Rhinoscleroma: Photomicrograph of tissue, showing'Mikulicz 
cells and general histological picture. (Dr. H. K, Giffen.) 
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metastases with enlargement of the neighbouring lymphatic glands, but, 
in spite of this, the general health and condition remain unaffected. 

Geographical distribution. — Rhinoscleroma is spread over widely 
distributed regions in special nests, or foci, but occurs all over the world. 
The most extensive region is in Eastern Europe, in Hungary, Poland, the 
Ukraine and the northern shores of the Black Sea and Caspian. Other foci 
have been noted at Tomsk in Siberia, in Turkestan, Bengal, Java, Sumatra, 
central and southern France, Morocco, Egypt, North America (in New 
England states), Cuba, Mexico, Panama, Colombia, Brazil, Peru, and Chile. 

Etiology. — The cause of rhinoscleroma is undoubtedly Bacterium 
rlmioscleromatis described by V. Frisch in 1882. It is closely related to 
Streptococcus pneunionice, and is usually Gram-negative. It is easily culti- 
vated, and forms knob-like colonies on gelatin or agar, greyish on the 
whole, and less conspicuous than S, pneumonice. It usually coagulates 
milk, and forms acid freely with lactose. In sections, it is found in hard 
fibrotic sw’ellings in the nose, scattered throughout the mucosa and sub- 
mucosa. It has so far been found impossible to reproduce the lesions by 
inoculation, either in man or animals. In fact, it exhibits a very low 
order of pathogenicity for laboratory animals, with the exception of mice. 

It has to be differentiated from other encapsulated pneumococcus-like 
organisms in the nose. 

Pathology. — Ehinoscleroma is characterized by a peculiar form of 
plasma-cell infiltration of great density, and by gaps or “ fat-cells,’’ which 
are found to consist of swollen cells with foamy cytoplasm (“ foam-cells ” 
or “ Mikulicz cells ”) (Fig. 185). Very frequently, also, there are hyaline- 
drops or Gram-positive “ Russell’s bodies,” which occur in all kmds of 
degenerative tissues, and are probably derived from the plasma cells. The 
rhinoscleroma nodule is known as plasmoma (Unna) ; it never breaks down, 
but becomes progressively sclerosed. 

Treatment. — The treatment is mainly by plastic operation to remove 
the unsightly outgrow^ths. 

Various other methods, the most important of which is X-ray therapy, 
have been tried. Intravenous injection of tartar emetic, as in schistoso- 
miasis or ulcerating granuloma, has been advocated by some. It is a 
curious fact that complicating febrile diseases, such as erysipelas, typhoid or 
typhus fever, may cause healing of rhinoscleromatous growths. This 
has led to a trial of inoculated malaria or protein-shock therapy, wdth en- 
couraging results. 


IV. Ainhum (Spontaneous Dactylosis) 

This is a very peculiar disease affecting the toes, particularly the little toes, 
of negroes, East Indians and other dark-skinned races, both in the Old and the 
New World. The name, derived from the Naga dialect, means “to saw or 
cut.” A recent important contribution is that by Kean and colleagues (1946) 
in a clinical summary from Panama of 45 cases during a forty-year period. The 
disease occurred in adult active and otherwise healthy West Indian negro males, 
the incidence being 1*5 per 10,000. Tidy has described ainhum of the toes in 
three members of a Lebanese family from Beirut. Findlay has described pseudo- 
ainhum as due to nerve damage. 
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Symptoms. — The disease commences as a narrow groove in the skin, almost 
invariably on the iJiner and plantar side of the root of the little toe or little finger. 
Sometimes it )na;\' be bilateral. The association with hyperkeratosis palmaris 
was first noted by'^Spencer in 1942. It may occur in one foot only, or in both feet 
simultaneously, or it may affect one foot after the other. The groove, once 
started, deepens and extends gradually round the whole circumference of the toe. 
As it deepens — perhaps, though not necessarily, with ulceration — the distal 
portion of the toe is apt to swell to a considerable size, as if constricted by a 
ligature (Figs. 136, 137). There may be no pain, but Kean asserts that it may 
be pronounced and progressive. There is inconvenience from the liability to 
injury to which the dangling and now everted toe or finger is exposed. In the 
course of years the groove slowly deepens, and finally the toe drops off, or is 
amputated. The groove may or may not correspond with a joint. In rare 
instances, after the two distal phalanges have dropped off, or been amputated, 
the disease recurs in the stump, and the proximal phalanx in its turn is thrown 
off. Of the other toes, the fourth is the one which is most frequently affected ; 


r ,, 



Fig. 137. — Ainhum at its height. 

(Di\ A. B. Filho.) 


very rarely is the third, second or great toe attacked. In the Army Medical 
Museum at Washington, U.S.A., there is a wax model representing a case of this 
or a similar affection, in which all the toes had been thrown off’ and the disease 
was making progress in the leg. 

Occasionally, the terminal phalanx of the fifth digit of the hand has been 
affected. No relationship to leprosy, yaws, scleroderma or syphilis has been 
noted. 

Ainhum of the fingers should be known as keratoderma hereditarium mutilans 
(Vohwinkel). 

Ainhum is very rare in women or children, being most common in adult males. 
It runs its course in from one to ten or even more years. 

On section, it is found as a rule, though not invariably, that the pamnculus 
adiposus of the affected toe is much hypertrophied, that the bone is infiltrated 
with fatty matter, and that the other tissues are correspondingly degenerated. 
Sometimes the bone is thinned, or even altogether absorbed. At the seat of 
constriction a line of hypertrophy of the epithelial layers, and of atrophy of 
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the papillary layer of the skin, together with a band of fibrous tissue, more or 
less intimately connected with the derma, surrounds, in whole or in part, the 
narrow pedicle. 

Treatment. — It has been suggested that division of the constricting fibrous 
band would delay the evolution of the disease. In the early stage this might 
be tried. When troublesome, the affected toe should be amputated. It is 
said that the appheation of salicylic ointment delays the process in the earlier 
stages (Moreha). 

V. Big Heel, or Endemic Hypertrophy of the Os Calcis 

Maclean described a peculiar form of enlargement of the os calcis which he 
observed at Kaziankor, Gold Coast, among Fantis and Kroos. The disease 
begins somewhat suddenly, being preceded by fever, and attended by pain 
and tenderness which reach their maximum in about a month, gradually 
diminishing during the succeeding one or two months. Concurrently with the 
pain there is a swelling of the external siu-facc of the os calcis, rarely of the other 
tarsal bones. 

Maxwell reported a similar condition in natives of Formosa. As in Maclean’s 
cases, the patients were young adults from twenty to twenty-five years of age. 

VI. Onyalai (Essential Thrombocytopenm) 

Under this title Massey and, later, Wellman (1904) originally described a 
peculiar disease occurring among the natives of Portuguese West Africa. Since 
then it has been recognized in East Africa, Tanganyika, on the Congo, and in 
Northern Rhodesia, wWe it is kno^^m as “ Chilopa,” “ Kafindo,” or “ Akembe,” 
(bleeding disease — Wallace), It is not usually seen outside Africa, though Preston 
Maxwell, in 1901, described a somewhat similar condition in the Fokien region 
of South China. It is characterized by formation of a number of vesicles, dis- 
tended v'ith blood, from J to | in, in diameter, on the hard palate and on the 
inside of the cheeks. Some of them are unbilicated. They differ from 
ordinary blood blisters by the presence of numerous trabeculre and by the semi- 
coagulation of the contents which makes the vesicle difficult to empty. Occasion- 
ally it is accompanied by fever and, although Massey’s original cases, with one 
exception, recovered within a w^eek or ten days, natives regard the disease with 
dread, owing to its reputation for deadliness. 

The majority of victims are young adults. The onset is sudden and the early 
symptoms are lassitude, general dullness, and suffusion of the conjunctivse. 
with pyrexia, sometimes of 103-104° F. There is tenderness over the parotids 
and vague pains. These are soon s cceeded by widespread hsemorrhages into 
the skin and mucous membranes. In natives the cutaneous haemorrhages are 
most easily seen in the axilla. Stein and Miller remark the constant association 
of cutaneous jpurpura, w^hich is easily missed on black skins. BuUse are seen on 
the bps, buccal mucosa, tongue, and palate, the last-named in particular, Epi- 
staxis occurs in practically every case and subconjunctival hsemorrhages are in 
evidence. Bleeding occurs from the bowels as weU as from the bladder. At 
autopsy haemorrhagic vesicles are found in the serous membranes, the pleura, 
peritoneum and diaphragm. A common finding is haemorrhagic broncho- 
pneumonia. Usually there are large retroperitoneal perirenal haemorrhages. 
Blackie found involvement of the central nervous system in one of his cases. 
The bleeding time is increased, and there is a reduction in blood platelets. 
Normoblasts may be present. The blood sedimentation rate is slightly 
increased. Blackie thought that onyalai is an acute form of essential throm- 
bocytopenia due to defective nutrition. Stein and Miller (1943), who carried out 
a fine piece of work, found that onyalai is not confined, as had been thought, 



700 


LOCAL DISEASES 


to native races . It is quite common in the Transvaal and N orthern Bechuanaland . 
In Africa it extends from the equator to 26° south latitude, Johannesburg being 
the most southerly point. They studied 21 cases which could be classified as 
mild, severe or acute. The youngest patient was a native female aged 7 months. 
Hsemorrhagic bullie are peculiar to onyalai, and not found in other forms of 
thrombocytopenic purpura, suggesting some toxic factor. The course of the 
disease is aggravated by the menses in women, and response to treatment is 
similar to the acute incipient episodes of idiopathic thrombocytopenic purpura. 

Van den Berghe states that the erythrocytes may be reduced to 800,000 per 
c.mm., leucocytes to 3,600 and blood platelets to 5,600 per c.mm. Normoblasts 
are usually numerous. 

The diagnosis has to be made from snake-bite, in which haemorrhagic symptoms 
may supervene. 

Blackie found that the most effective treatment was by blood transfusions 
and by injection of IS ml. of donor’s blood intramuscularly into the buttocks 
or outer aspects of the thighs, but Stein and Miller found the intravenous route 
better. They suggest that splenectomy is indicated in patients who relapse 
after this treatment. 

VII. CmuFA (“ Chinktjmbi ” and “ Kanyemba ”) 

This is a disease resembling acute gangrenous rectitis described in the earlier 
editions of this manual, which has been reported from South America. Gilkes 
described cases he had under his care in Northern Bhodesia. It is found in 
the Luangwa and Lusenfwa valleys at an altitude of 2,000-2,600 feet. Its 
onset is sudden and it runs an acute course. The primary manifestation is 
stated to be a white powdery condition which appears round the anus and gives 
the appearance of “ boraoic acid or flour ” ; in women it covers the vulva as 
well. After a few days this disappears and the patient becomes acutely ill 
with pains in back and neck and a temperature of 104° F. The anus becomes 
relaxed and the rectum can be seen protruding, red and angry. Throbbing in 
the rectum is noted, and constipation is the rule. The inflammation travels 
up the large intestine until the colon is involved, when there may be diarrhoea 
and vomiting. In women the vagina also may be ‘affected. 

VIII. Tropical Eosinophilia (Pulmonary Eosinophilosis) 

Under the name of pseudotuberculosis of the lung, with massive eosinophilia, 
a new entity was described by Frimodt-Moller (1940) and Weingarten G943) 
in India, but has now been found in Ceylon, North West and Central Africa, 
Tangan 3 dka, China, the Philippines, Samoa, S. United States and other places. 
This is characterized mainly by spasmodic bronchitis, leucocytosis and high 
eosinophilia. It affects mostly people who live by the sea, and has apparently 
no relationship to any other disease, but is thought to be a form of allergy. The 
physical signs are those of bronchial asthma. Males are more often affected than^ 
females. The common age is from twenty to thirty. Preliminary symptoms 
are cough, lassitude, dyspnoea on exertion, heaviness or pain in the chest palpita- 
tions; occasionally haemoptysis (Visvanathan). There is usually considerable 
loss of weight (Menon). During the febrile periods the spleen is moderately 
enlarged. The most striking feature is massive eosinophilia, which accounts for 
the considerable leucocytosis up to 60,000 per c.mm. It may reach 90 per cent, 
and is higher than in any other disease, except eosinophilic leukaemia. The 
E.S.R. is raised in 75 per cent. A positive Paul Bunnell reaction often occurs. 
According to Viswanathan an acute and a chronic type can be recognized. The 
X-ray shows disseminated mottlings in the lung, the average single focus being 
the size of a split pea, somewhat similar to silicosis. The pathology is essentially 
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eosinophilic bronchitis and bronchiolitis. There are dark reddish-brown areas 
scattered over the surface of the lungs. The most striking lesions are tubercle- 
like nodules w^itn groups of giant cells in the centre and clusters of surrounding 
monocy tes. Differentiation of tropical eosinophilia, according to Weingarten, 
from asthmoid bronchitis and Loffler’s sjmdrome, is as follows : In the first 
there is no leucocytosis, and only moderate eosinophilia without pulmonary 
infiitration, whilst in the second the clinical and radiological signs disappear 
rapidly and spontaneously. It has a seasonal incidence, occuiTing in temperate 
cimiates as well as in the tropics. Cold agglutinins are present in the serum in 
high titre ( Vis vana than, 1949). Tropical eosinophilia is usually benign and lasts 
tor years, but reacts to intravenous injections of neoarsphenamine in courses of 
SIX doses of 0-15 to 0-45 grm. Exacerbation of symptoms and increase of 
eosinophile count occurs after one injection of 0*15 grm. neoarsphenamine. 

Mapharside may also be given in the same doses and acetylarsan in six weekly 
nijections of 0*45 grm, Stovarsol, or carbarsone, is also beneficial when given 
by the mouth in 4 gr. tablets thrice daily for 7-10 days. 

Ldffler s syndrome, originally described in Switzerland, is often mistaken for 
pulmonaiy tuberculosis (Freund and Samuelson, 1940). The cause is unknown. 
Engel in China (1936) and Koino in Japan ascribed it to allergy from privet 
blossoms, but this has not been observed elsewhere. It resembles pulmonary 
coccidioidomycosis {see^ p. 627), to some extent sarcoidosis of the lung, and 
bronchial asthma associated with periarteritis nodosa. 

The discovery by Carter and his colleagues (1944) of mites {TyroglypJius and 
Carpoglyphus) in the sputum of pulmonary eosinophilosis has not been confirmed. 
Another genus, PuBUMOTiyssus, is definitely pathogenic in the lungs of monkeys. 
In South Africa Ordtmann (1946) has described an epidemic of allergic asthma 
due to sewage flies {Psychoda) affecting workers in a sewage farm. Sensitivity 
to extracts made from the flies was proved by allergic skin tests. 

All allied condition is Eosinophilic crytJvred&MCL, a syndrome previously un- 
known, w^hich occurred in Palestine (1945), where it has been described by 
Klopstock and Steinitz. It was characterized by the appearance of red swellings, 
infiltration of the skin and mucous membranes, which are transient and occur 
over wide areas, associated with an eosinophilic leucoc}I;osis. It occurs at all 
ages and in both sexes and is obviously allergic in nature. 

An entirely new aspect has been given to this subject by the work of W. F. 
Aitken (1953), w^ho has brought forw^ard evidence that the cause of tropical 
eosinophilia is a virus wFich occurs in groups, or in families, in close association. • 
There is also some evidence that it is spread by faeces in insanitary surroundings. 



Section IX.-ANIMAL PARASITES AND 
ASSOCIATED DISEASES 

CHAPTER XLIV 

PARASITES OF THE CIRCULATORY SYSTEM : SCHISTOSOMIASIS 
(BILHARZIASIS) 

DejSnition.— A group of diseases caused by certain digeuetic treniatodes 
of the family ScliistosomidiB which inhabit the venous system of man in 
various tropical and subtropical countries. 

1. Genito-ubinarv SoitiSTOSOMiAsis (Soldstosoma Iminaifohiim), 
or Bilharziasis 

Synonyms. — Bilharziasis ; Bilharzia Disease ; Eiideiuic Hfeinaturia. 

Definition. — A chronic endemic disease produced by infection of the 
pelvic veins, particularly those of the bladder, and occasionally those of the 
rectum, by Schistosoma hmiafohiuvi, the eggs of which, being deposited 
in the mucous membrane, give rise to h^ematuria, cystitis or other symptoms 
connected ^\dth the urinary organs, and occasionally, when deposited in the 
rectum, to muco-sanguineous discharges from the bowel. The eggs of the 
parasite are discharged in the urine and, in certain cases, in the f^ces. 

Geographical distribution, — The eggs of this parasite were identified 
by Harley in Natal in 1864, and since then the disease has been found in 
other parts of Africa, more particularly along the eastern side of the con- 
tinent, as far south as Port Elizabeth, and it is common throughout the 
Union of South Africa, especially in Natal. In Central Africa it occurs in the 
Northern Sudan, Uganda, the Congo, Rhodesia and in North Abyssinia ; 
it is met with in West Africa as well, especially in Liberia and Sierra Leone. 
In North Africa it is especially common in Morocco, Algeria, Tunis and 
Egypt. It also occurs in Arabia, parts of Palestine near Jaffa, I?ersia, Iraq, 
'Cyprus, in the town of Tavira in Portugal, in Mauritius, Reimion, and 
Madagascar. A few indigenous cases were reported, over forty years ago, 
from Western Australia^ (Map VII.) 

Precise information about the ravages of schistosomiasis in Egypt are forth- 
coming. Scott, as the result of 40,000 examinations, found that in the northern 
and eastern edge of the Delta, reaching as far as Cairo, 60 per cent, of the 
inhabitants are infected with S, hcematobium, and an equal number with S. 
mansoni; in the apical southern half of the Delta, however, though still 60 
per cent, are infected with 8. hoematobium^ only onc-tenth of that number have 
S. mansoni. The line between ‘the first and second areas is sharp and defined, 
and does not correspond to any noticeable topographic, hydrographic or demo- 
graphic variation. Moreover, there appears to be no difference in the number 
of planorbis snails, the intermediary hosts of 8. mansoni, in these two regions. 
In the northern two-thirds of that part of the Nile Valley between Cairo and 
Assiut, 8. hosmatobiurn infects 60 per cent, of the population, but 8. mansoni and 
the planorbis snail are absent. In the southern third, where old basin irrigation — 

1 An endemic focus of urinary sohistosoiniasis has boen found in tho RntunKJri district oE Bombay 
state by Oadgil and Shah (1052). The ova are terminal-spiuecl and resemble those of S. hmiatobimm 
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Bilharzial disease of the bladder before treatment, and one 
month after treatment with sodium antimony tartrate. The 
yellow nodules in Fig* 1 are the dead ova working their way 
through into the bladder cavity. They do not indicate active 
bilharzial disease. 

[By permission of Brit, Journ. Surgery, Ogier Ward and 
Dr, J. B. Christopherson) , 
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that is irrigation at flood Nile — takes the place of the new perennial irrigation, 
/Sf. hcRmatobhm alone is present, but infects only 5 per cent, of the population. 
Heavy infection with S. hcRwatohhim is associated with perennial imgation from 
high-level canals, which takes the place of flood irrigation, with alternate 
flushing and drying. In the district, where 5 per cent, of the inhabitants are 
infected with S. licematobium, 1 in 1,000 die from this infection : in the Northern 
Delta district, this proportion rises to 1 in 22. 

etiology. Parasite. — Scliistosoym kcematohium (Fig. 254. A & B, ) is a unisexual 
trematode. The male measures 1-1*5 cm. in length by 1 mm. in breadth ; its 
cylindrical appearance is due to the infolding of the two sides of the body to form 
a gynsecophoric canal. The feymle, darker, but longer, 2-2-5 cm. in length, is 
partially enclosed in the gyneecophoric canal of the male. Some parasites live in 
the blood of the portal vein and its mesenteric branches, but the majority dwell 
also in the pubic, vesical, and uterine plexuses. The longevity of this parasite is 
phenomenal, as it may remain active and produce viable eggs for more than thirty 
years. 

The eggs are oval, and are provided at one end with a definite spine. They 
measure 0-16 mm. by 0-06 mm. Normally they are voided in the urine, 
exceptionally in the faeces. It has been pointed out bv Khalil that the hatching 
of the egg in w'ater is due to osmotic pressure. A 0-75 per cent, salt solution 
completely inhibits this process. It has been generally supposed that the 
provision of a spine was designed to facilitate the passage of the egg through the 
blood-vessel wall, but probably, as Kohlschiitter and Koppisch have pointed 
out, the spine merely facilitates the adherence of the ova to the w^all. The ovum 
plays an entirely passive part, but the endothelial lining is the more active factor, 
follow’ed by an inflammatory reaction which fixes it in situ. Only ova which 
are laid in blood vessels close the bladder pass to the outside, whilst all others 
are trapped in the tissues. These observations have been confirmed by Torres 
in lesions produced in the armadillo. 

Life-history . — On coming into contact with water, the eggs hatch and give 
rise to an active, ciliated embryo or miracidium, which,- as a rule, enters a fresh- 
W'ater snail, usually of the genus Biilinus ; in the liver, or hermaphrodite gland, 
of this mollusc it develops into sporocysts, eventually into active, bifid-tailed 
ccrcarise wliich, on escaping from the snail, re-enter man by burrowdng through 
his skin. Some cercarise pass through the lung capillaries to the heart and are 
distributed all over the body, including the skin. Many are held up and die, 
giving rise to a secondary cutaneous reaction with wheals and blotches due to 
breaking do^vn of cercarije. Those which get to the mesenteric capillaries of the 
bow'el wall reach the portal system where they grow until almost sexually mature 
and become paired. They then return against the stream to the mesenteric 
veins to lay eggs. (For further details regarding the life-history of this parasite, 
see p. 945.) 

Pathology. — The changes brought about by this schistosome vary very much 
according to the degree and duration of the infection (Plate XIX). In almost 
every case the walls of the urinary bladder are early affected. All that may be 
apparent to the naked eye at this stage is a certain amount of injection of the 
small vessels of the mucosa vesicas, and certain exceedingly minute vesicular or 
papular elevations of the surface of this membraue. When these minute elevations 
are examined microscopically they are found to contain eggs, even in minute 
blood-vessels. Later, especially in the trigone of the bladder, there are rounded 
patches of inflammatory thickening w^hich project somew'hat, are granular 
on the surface, and dense ,* on section they creak under the knife as if they 
contained gritty particles. It is evident that these elevated, thickened patches 
are the result of an inflammatory process provoked by the clusters of eggs which 
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the microsco])c reveals scattered throughout their entire extent. The eggs 
are principally deposited in the subinucosa, less extensively in the mucous 
membrane, still less abundantly in the muscular walls of the organ or in its 
subserous connective tissue. They tend to occur in groups, each of which is 
invested with a connective -tissue capsule ; or they may be lying in small blood- 
vessels which they occlude. Some eggs are seen to have undergone caleidcatioii ; 
others are still fresh, either segmenting, or already containing a miracidium. 
On the surface of the rounded patches already mentioned, phosphatic deposits, 
also containing eggs, arc not uncommon ; from their yellow glistening appearance 
they are known as “ sandy patches,” and sometimes they present minute sloughs. 
(Fig. 138.) Besides these indurated patches, various forms of polypoid excres- 
cence — sometimes ulcerated — may protrude from the mucous surface into 



Fig. 138. — Section of bladder-wall, showing eggs of Schistosoma hesmatohium in tissues. 

the cavity of the bladder. These various hyperplasise frequently contain the 
adult parasite as well as eggs. Ferguson and others described a nodular form 
of schistosomiasis, an affection of the subperitoneal surface of the bladder, which 
closely resembles tuberculosis. 

In addition to what may be designated the specific changes in the mucosa, 
the muscular coats of the bladder are generally hypertrophied. In consequence 
of this, as well as of the ingrowth of villosities and different forms of new growth, 
the capacity of the organ may be much diminished. Its mucous surface is 
generally coated with a sanguineous mucus containing myriads of eggs. Gravel 
or small stones — generally phosphatic — are sometimes found either embedded 
in laounse in the hypertrophied and roughened bladder- wall, or free in the cavity. 
Not infrequently a similar hyperplasia occurs in the ureters, and particularly 
towards their lower ends, even at an early stage. Gelfand and others have shown 
that often the lower third of the ureter is dilated with thickening of the walls. 
In rare instances the pelvis of the kidney is affected. Stricture of the ureter, both 
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from small stones and from thickening of the mucous membrane, not n^raequently 
results; this leads to dilatation of the pelvis and atrophy of the par3^h^^^^a.Q^ 
the kidney. It is easy to understand how, in time, these changes in 
and ureters may give rise to hydronephrosis, pyelitis, abscess of the kidney, and 
similar secondary affections. Hyperplasia of the prostate due to infiltration 
with eggs is sometimes found. 

Hyperplasia from schistosomal infection may also occur in the vesiculse 
seminales, penis, walls of the vagina, and cervix of the uterus, leading to corre- 
sponding bloody, egg- containing discharges. In Southern Rhodesia thickening 
and papiUomata of the female urethra, periurethral abscess, scarred and fibrous 
ovaries containing numbers of eggs, and lesions of the Fallopian tubes, meso- 
salpinx, and broad ligament have been reported. The body of the uterus is not 
usually affected, but eggs have been found in the endometrium. In the vagina 
the disease may be primary or an extension from the bladder. In the vulva 
papillomatous masses closely resemble the confluent type of condylomata lata 
of syphilis, whilst the clitoris and external meatus may be destroyed and give 
rise to epithelioma of the vulva. 

Schistosome eggs in small numbers have been found in the liver, in gallstones, 
in the heart, and in the kidneys, and occasionally in the brain, spinal cord, and 
lungs, conjunctiva and skin. Tumours of schistosomal origin have sometimes been 
met in connection with the peritoneum and ligaments of the uterus. The egg- 
production of 8. hcematohium is slow’er than that of 8. mansonu The schistosomes 
get to the lowest branches of the mesenteric veins, some even to the rectum, when 
eggs may appear in the faeces, but most migrate through the hsemorrhoidal vein 
to the venous plexus of the bladder. Gelfand has shown how they are distributed 
by arterio-venous anastomoses. When the eggs are deposited eosinophil cells are 
attracted and may produce micro-abscesses, forming pseudotubercles on the 
peritoneal surface of the bowel with resulting connective tissue. If they occur 
on mucous surfaces they take the form of small erosions or ulcers. Giant cells 
form and may completely absorb the egg. 

The eggs can be conveniently demonstrated in the tissues by digesting selected 
portions in 3 per cent, potash solution. 

Symptoms. — The symptoms produced by S. limiatobiim vary in 
degree within very wide limits. In the vast majority of cases the patient 
experiences no trouble whatever; in other instances suffering is very 
great. Indirectly, from the serious lesions of the urinary organs to which it 
may give rise, this schistosome is an occasional cause of death. 

Early toxic symptoms, such as pyrexia with urticaria, have been noted, 
and may come on four weeks after exposure to infection. A recent 
interesting discovery is that of eggs of SJicematohium in skin papules, during 
the stage of invasion, on the lower chest, upper abdomen, scrotum and 
perineum (Black, 1945). Similar skin lesions were described by Madden 
and Girges many years ago. The incubation jperiod of definite disease 
varies from three months up to two and a half years. The cercariae, on 
penetrating the skin, produce an irritative dermatitis as in other forms of 
schistosomiasis. (See p. 670.) 

The most characteristic symptom of the presence of the parasite in the 
wall of the bladder is the passage ot blood at the end of micturition, with or 
without a sense of urinary irritation. The quantity of blood pssed and the 
degree of irritation are increased by exercise, by dietetic indiscretions, and 
by all such causes as are calculated to induce or aggravate cystitis. As a 
rule, it is only the last few drops of urine that contain blood ; sometimes. 
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however, the liremorrhage is more extensive, and then the entire bulk of 
the urine may be blood-tinged. Occasionally, clots are passed. 

If, in a case of moderate infection, the urine be passed into a glass and 
held’iip to the light, minute hocciili or coiled-up mncoid-looldng threads 
will be seen lloating about in the fluid. If it be allowed to stand, the 
flocc.uli, and perhaps minute blood-clots, will subside to the bottom of 
the vessel ; these, on being taken up with a pipette and placed under the 
niicroscupo, will be found to contain, besides blood-corpuscles and catarrhal 
products, large numbers of the characteristic terminal-spined eggs. 

In doubtful cases, where eggs are few, the best way to find them is to get 
the patient to empty the bladder and to catch in a watch-glass the last few 
drops of urine which can be forced out by straining ; these invariably 
contain eggs. A low power of the microscope 
suffices, and is best for diagnosis. Davis in South 
Ehodesia has riuuarkod upon the peculiarities of 
the “ bilharzial facies,” which becomes triangular in 
outline, with sunken cheeks and prominent malar 
bones. He considers that this appearance forms 
a good indication of the disease. 

A case of voluntary infection with JS. hemmtohium has 
been described by Barlow and Melenoy. Over 200 cerca- 
Fig. 139. — Section Hac, derived from eight different specimens of Bulinus 
through nucleus of truncatns were applied at different dates over a period of 
urinary^ calculus three weeks. Red papules surrounding the penetration 
containuig eggs of obseiwed on the following days. Some 76 days from 

. icema o i major exposures slight evening fever was recorded and 

terminal-si)ined eggs wore found in the seminal fluid. On the 78th day similar 
eggs were found in a plug of mucus in the faeces and on the I06th they 
appeared in the urine, wliilst on the 1 39th an itching nodule appeared in 
the scrotum and on puncturing it ova of B. hcenuitobiiim were demonstrated, and 
on the 149th a i)air of adult worms were found in a nodule in the left groin. 
From the middle of the fourth month onwards eggs appeared in increasing 
numbers in the seminal fluid, faeces, and urine. Tlie ■{)eak w^as reached in the 
sixth month in the seminal fluid, in the faeces in the tenth, and in the urine 
between the eighth and ninth months. It w'as estimated that between 20,000- 
30,000 eggs were passed daily in the urine. Symptoms and signs increased until 
the seventh month then the temperature rose to 104° F. and fell after severe 
sweats to normal with weakness and prostration. 

Pain is by no means always predominant ; when it occurs it is generally 
a dull sense of oppression in the suprapubic region, deep-seated perineal 
pain, or scalding on micturition. Frequency of micturition is an early, 
and urgency a very common symptom. Rectal symptoms, with passage 
of blood and mucus, may co-exist with the urinary symptoms, and digital 
examination may detect ulceration above the prostatic lobes. This 
localized lesion may he due to S. hcematohium alono, though mixed infec- 
tions of S, hcematohium and viansoni are very common, especially in the 
Nile Valley. Sometimes adult worms in cojpula are passed in the urine ; 
this generally occurs after a copious haemorrhage from a ruptured vessel. 
Gelfand and Barnett have described a peculiar form of retention with 
overflow and incontinence in the male African. There are three stages — 
a short period of progressively increasing difficulty in micturition with 
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some retention, followed by complete retention with overflow for several 
days, and a final third stage in which the patient passes urine in increasing 
amounts till function is completely restored. 

Endemic hsematuria lasts for months or years. Spontaneous recovery is 
rarely complete. In ordinary cases, provided no re-infection takes place, 
the hcematuria tends to decrease, although eggs may continue for years to 
be found in the last few drops of urine passed. In severe cases, sooner or 
later, signs of cystitis supervene and give rise to a great deal of suffering. 
Not infrequently the eggs become the nuclei for stone, and symptoms of 
urinary calculus are superadded (Fig. 189). Sometimes the pathological 
changes induced by the parasite in the bladder lead to new growth, in 
which event the symptoms become more urgent and the hsematuria 
excessive. Hypertrophy, contraction, and even dilatation of the bladder 
are not unusual. Besides the bladder symptoms there may be signs of 
prostatic disease, or of disease of the vesiculse seminales, causing sperma- 
torrhoea. In the latter case, eggs may be detected in the semen. In 
other, instances the ureters and kidneys become involved, resulting in 
ureteric dilatation and hydronephrosis. Secondary infection of the urinary 
tract with septic cystitis commonly supervenes. Prom the suffering 
attending these aggravated forms of infection, the patients become 
anasmic, wasted, debilitated, and a ready prey to intercurrent disease. 

Milton pointed out the extreme frequency of urinary fistula in Egypt, the 
result of schistosome disease of the urethra. These fistulse may occur 
any^vhere in the neighbourhood of the genitals, but are especially common 
in the perineum and posterior surface of the scrotum, and originate from 
infiltration by eggs of the pubic tissue or 
roof of the urethra just in front of the 
bulb, the eggs of the parasite being 
deposited in the mucous or submucous 
tissue. Stricture of the urethra is by no 
means uncommon, especially when fistulse 
are connected wuth the floor of the 
urethra. In the male, infiltration of 
the penile sheath may result in an 
elephantoid condition with chordee and 
actual obstruction to the urinary flow. 

(Fig. 140.) 

Makar showed that schistosomiasis of 
the cord and epididymis is by no means 
uncommon, and is determined by the 
anatomical peculiarities of the anasto- 
moses between the mesenteric and 



internal spermatic veins, and, it may be, 
between the pelvic venous plexuses and 
deferential veins. The tunica and testes 
are rarely affected. The onset is very 


Fig. 140.— Urinary schistosomi- 
asis : pseudo-elephantiasis of 
penis, due to infiltration by 
ova. {After Madden.) 


gradual, and it occurs in young adults, whose attention is drawn to the 


swelling. The cord may be nodular and covered with lentil-like bodies, 


or it may be enveloped in a single big mass ; the term “ bilharzial rosary ” 
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well describes Lhe condition. Cytoscopy, sigmoidoscopy, X-rays and 
complemeni-fixation tests may be needed for diagnosis, or to differentiate 
the lesions from somewhat similar swellings due to filariasis, tuberculosis 
and syphilis. In massive infiltration, the testes may have to be removed* 
in the early stages medical treatment is effective. 

The majority of infections of schistosomal disease of the spermatic cord 
are due to S. hcematohiuiii. The following figures are given by Makar* 
infection with S. hcemafohiuui, 38 per cent. ; with niansoni, 21 per cent. • 
mixed infection with S. mmisoni and Immatobiiun, 35 per cent. 

Makar has reported one case of primary schistosomal disease of the 
gall-bladder, giving rise to duodenal stasis. The interior of this viscus 
was studded with sandy patches similar to those seen in tlio urinary bladder. 

Charlewood and colleagues refer to the frequency and distribution of 
lesions due to S, hawiatobiuM in tlu^ pelvic organs of S. African women, 
whilst Gelfand in S. Ehodesia found that tluy are commonly associated 
with the eggs of S. Diansoni in 30 cases: most, commonly in the vagina, 
cervix, uterus, ovaries and less so in tlu^ Fallopian t,nl){‘S. In the female 
urethra, according to Gilbert, the disi'ase is an ext.cuisiou from the bladder 
with similar tissue changes producing thicktunng, ulctu‘atiiou of the mucous 
membrane and small papillomata which, emerging from the external 
meatus, may bo mistaken for urethral caruncles. Teriurethral abscesses 
may also form. Although the uterus is not usually affected, fibrosis of the 
ovaries and occlusion of tlio Fallopian tubes arc common, so it is small 
wonder that in the female this disease causes sterility. 

Vaginitis and cervicitis are also produced by this piirasite. Papillary 
growths and ulcers may be mistaken for carcinoma. On the vulva, 
papillomatous masses containing schistosome eggs are common. Similar 
excrescences about the anus, in tlu' groin and porinmum can be distin- 
guished from venereal warts by microscopical examination. 

Pulmomry schistosomiasis (Egyptian Ayerza’s disease). — In 103 cases of 
urinary and intestinal schistosomiasis diagnosed in Cairo 49 pulmonary complica- 
tions were revealed. The first grade consists of focal aiterial changes: the 
second of widespread arterial with slight cardiac changes: the third widespread 
arterial changes with gross heart involvement. It is necessary to associate these 
changes with both species of schistosomes ; as Kenawy has pointed out, the 
ova of both cause a similar arteritis of the pulmonary arterioles, but in the case 
of S. mansoni this is invariably associated with hepatic cirrhosis. This wide- 
spread obliteration of the pulmonary arterioles at times produces a marked rise 
of blood pressure, hypertrophy of the right ventricle, and finally right heart 
failure. It is stressed that cyanosis only makes its appearance as a terminal 
event and that secondary lung infections are complications. 

The X-ray appearances are distinctive and show what is known as the bilharzial 
cor pulmonalCt enlargement of the right side of the heart with the shape of mitral 
configuration. There may also bo a triangular shadow in the right hilum due to 
e^argement of the right branch of the pulmonary artery. There is often a 
diffuse and fine mottling of the lungs, due to bilharzial tubercles, which resemble 
miliary tuberculosis. 

According to Erfan, schistosome eggs are rarely to be found in the sputum, but 
according to Pyper this is more easily effected if a twenty-four hour specimen of 
sputum is digested for one hour in an equal quantity of 4 per cent. K.O.H. and 
then centrifuged. 
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Recently Meira and colleagues have discovered several cases of pulmonary 
schistosomiasis in Silo Paulo in Brazil. 

Large numbers of eggs, as pointed out by Turner, may be deposited in 
the lungs, where they give rise to a form of interstitial pneumonia. 
Mainzer stated that in S. hcematohium, as well as in S. mansoni infections, 
latent pulmonary involvement is usually present, even in the absence of 
pulmonary symptoms, and that b}" use of X-ray films the lesions can be 
verified about three months after infection and the sclerosis of the 
pulmonary arteries can be detected. Eggs have been found also in the 
brain and spinal cord, thus accounting for epileptic and paralytic 
symptoms from which the patients had suffered, but these supervene 
only in hyper-infected individuals. One case of schistosome myelitis was 
described by Day and Kenawy, with the customary symptoms. At 
autopsy eggs of S, hcematobiuni were demonstrated in the lumbar enlarge- 
ment of the cord. 

Eye . — Schistosomal lesions of the conjunctiva have now been described 
by Badir (1946). This interesting condition appears to be rare. The 
majority were suffering from urinary symptoms as well. Swellings of the 
palpebral conjunctiva of the upper hd, yellowish pink masses betw^een the 
inner margin of the limbus and the semilunar fold extending upward into the 
fornix have been described. The most curious feature was the discovery 
of the adult worms lying in a dilated vein (branch of the superior ophthalmic 
vein) in the region of the caruncle. Eggs of S. hmiatohmni have been 
found in granuloma of the conjunctiva. It is an open question how the 
adult parasites reach the conjunctival tissues. 

Chesterman found certain districts in the Congo where eggs which appeared 
at first to be S. hcematohium are found only in the fseces, giving rise to dysenteric 
symptoms closely resembling those produced by S. mansoni, but in this instance 
they are longer and with more attenuated extremities than those usually seen 
in the urine {see Appendix, p. 949). Similar conditions have been recorded 
fron) the Assiut district of Egypt, where only hcematohium is present. 

Fisher, at the instigation of Chesterman, brought forward a considerable 
amount of evidence that this Congo schistosomiasis is not due to 8 . hcematcibium as 
was thought, but to 8. intercalatum, a species which in its morphology is inter- 
mediate between that of 8. hcematohium and 8. hovis. The spindle-shaped eggs 
resemble those of the latter species and also of 8. mattheei, with terminal well- 
developed spine, which may attain a length of 20 [x. The intermediary host 
appears to be Physopsis africana. Zellweger found this species commonly in 
Gaboon, along the course of the Ogowd river and its tributaries. This discovery 
has been confirmed by Schwetz. 

The symptoms produced by 8. intercalatum appear to be mild ,* in Yakusu 
(Congo) it has been found that 50 per cent, of the school-children are infected ; 
their health is not seriously affected, but sometimes spleen and liver are enlarged. 
Dysenteric symptoms and abdominal pain constitute the only outward signs of 
the disease, and pulmonary manifestations (in contrast to 8. hcematohium) are 
practically absent. Toxic manifestations, which usually accompany massive 
infections with 8 . mansoni, or S.japonicum, have been noted. (Fig. 141.) The 
hepatic and intestinal symptoms run a similar course, with urticaria and bronchial 
asthma. The infected bowel, as seen by sigmoidoscopio examination, has a 
granular appearance suggesting sandpaper, and there are petechise of minute 
size, but no polypi or ulcers. 
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Schistosomal appendicitis, due to accumulation of S. Jicemafobiiim eggs in the 
appendix, is a clinical entity. Lovett Campbell, in Northern Nigeria, found them 

in 57 pci“ cent, of all appendices removed at 
operation, and considers that this infection 
may produce symptoms requiring urgent 
surgical intervention. Barsoum, on the other 
hand, stated that it docs not cause or pre- 
dispose to appendicitis of the inflammatory 
type. 

Diagnosis. — The diagnosis of this 
disease is not difficult ; the presence of eggs 
in the urine is decisive. (Figs. 142, 143.) 
In countries like Fjgypt, where the disease 
must often concur with chyliiria, with stone, 
with vesical tiunonr, with gonorrhoea] cysti- 
tis, and with pyelitis, as well as with pros- 
tatic disease, care must be exercised in each 
particular case to separate the special 
factors to which tho various symptoms are 
attributablo. Thus, in chyluria with schis- 
tosomal disease, there will be chyle in the 
urine in addition to blood. In such a com- 
bination the clot which forms will be larger, 
will coni.ain oil granules, gloljules, and 
very probably microtilarifle, in addition to 
schistosome eggs ; m{m(H')V(T, the micro- 

tilarine will generally be detectable in the 
linger blood if looked for at night. Stone 
in the bladder, when suspected, has to be 
sought with the sound. In gonorrhoeal cystitis a history of gonorrlicjea 
will be forthcoming. In prostatic disease enlargement of the prostate 

may be made out. Difficulty may sometimes arise when eggs are 
scanty, or have ceased altogether to come away in consequence of 
the death of the parent worms. Snips of tissue taken from the bladder or 
rectum are digested in 10 per cent, potash and examined for eggs (Gelfand 
and Boss). The mischief wrought by the parasite remains, although the 
eggs — the most certain evidence of the parasite’s previous presence — may 
no longer be discharged. But, even if the eggs are very few, they may still 
bo found in the last drop or two of urine passed. If they are not found in 
the urine, sometimes, by scratching the surface of the bladder with a 
sound and examining the shreds of mucus so obtained, a few, calcified it 
may be, but presenting the characteristic spine, may be seen with the 
microscope. Confirmatory evidence may be obtained from the pus cells, 
the majority of which are eosinophils. By examining urine sediments 
with the addition of water in a special rack with each tube at 40° to the 
horizontal, Meeser and colleagues have shown that the hatching miracidia 
from eggs may be observed with a hand lens. Tubes of urine are spun in a 
centrifuge at low speed and water is added to correspond with the apertures 
in the rack, but must not contain any injurious substance. The miracidia 



Fig. 141.— Schistosomiasis of 
the Congo with splenomegaly. 

{Dr. G. 0. Chesterman.) 
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stand out shiny and bright against the dull background. Fifteen minutes 
is allowed for hatching and the number of miracidia varies. An average 
infection shows 10-20 per tube. Further evidence may be obtained bv the 
tests described below. 

Complement-fixation. -Fairley in 1917 described a complement -deviation 
test employing as antigen an extract of the livers of infected snails {Planorbis 
hoissyi). This antigen is prepared by macerating a number of livers containing 
cercarice of S. trm/nsoni in absolute alcohol, filtering, and evaporating by means 



Fig. 142 . — Schistosorna hmmatobium eggs in urine, showing 
contained miracidia. (Dr. H. K. Giffen.) 

of a Sprengel’s pump. A saline extract is then made of the dried residue and 
its anti-complementary dose estimated. The general technique is the same as 
for the quantitative Wassermann reaction in syphilis. Alves and Blair have 
improved the antigen and avoided false positive reactions by preparing an 
extract of cercarise. 

The reaction is apparently a group reaction, in so far as an antigen prepared 
from cercariac of S. mansoni wiU give positive results with 8. hcematohium serum 
in 89 per cent, of early cases ; further, Bettencourt and Borges stated that 
similar reactions take place with Fasciola hepatica antigen. A positive result 
may be obtained in early infections even before the appearance of eggs in the 
dejecta. It is not so specific in the later as in the earlier stages, but may bo 
employed as a check to treatment. 

Intradermal reaction . — ^Fairley elaborated an intradermal test, similar to the 
Casoni reaction in hydatid. A saline extract of dried livers, 0*5 per cent., of 
Planorbis exustus infected with 8. spindale of the goat, is used. The extract, 
having been rendered bacteria-free by passage through a filter, is injected 
intradermally in a dose of 4 mm. A positive reaction is given by an immediate 
wheal and a zone of erythema with outrunners, and a delayed type of reaction 
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in from five to eighteen hours. This test is useful as a means of diagnosis in all 
forms of schistosomiasis, but remains positive for years after the patient has been 
cured. The results have been improved by using the cercarial antigen of Alves 
and Blair. ^ The measurement of the wheal is twice the size of the control. 

Culbertson and Rose (1944), have obtained a satisfactory antigen from the 
distome of the frog (Pneumoneces medioplexics) which inhabits the lung. The 
specific fraction is water soluble, and gives reliable intradermal reactions. 

Cercarial reaction . — Living schistosome cercariae, when placed in serum from 
men and animals recently suffering from schistosomiasis, develop a close-fitting 
transparent membrane which differs from the loose precipitate which collects 
around similar cercarise in normal human or animal serum (Alves). Vogel and 
Minning describe the same phenomenon as “ Cercarial HuUen reaction ” (C.H.R.), 
and believe that the test may be used as an aid to diagnosis. 

Cystoscopic examination . — In the early stages of the localized disease 
(within two months of infection) the cystoscope reveals sparse grey discrete 
elevations in the trigone around the ureteric orifices ; later, definite 
haemorrhagic papules appear with surrounding inflammation. Later still, 
characteristic “ sandy patches,” resembling ridges of sea-sand, with 
papillomata, can be distinguished. (Plate XIX.) These appearances are 
pathognomonic. 

Prognosis. — An important element to he considered, in venturing on a 
prognosis, is the long life of the parasite. Anotlu'r important element in 
prognosis is the degree of infection : the greater the number of parasites, 
the more severe and the more extensive is the disease they produce. As 
with filarial infection, the greater the number of cases in a district, the 
greater the proportionate probability of severe infections. The prognosis is 
practically that of a chronic cystitis depending on a remediable, and not in 
itself fatal, cause. Much suffering may often be produced, and, as a con- 
sequence, anaemia and debility. Possibly calculus may be formed; 
possibly grave renal disease may ensue ; possibly, eventually, villous or 
epitheliomatous growths in the bladder. In the milder degrees of infection 
wliich fortunately are the commonest, the patient seems to be in no way 
inconvenienced by the parasite, and generally escapes all serious conse- 
quences. In any case, mild or severe, there may be attacks of haematuria 
from time to time ; as a rule, the quantity of blood thereby lost is 
insignificant. 

Treatment 

The successful treatment of schistosomiasis by intravenous injection of sodium- 
antimony tartrate is due to Christopherson. His results have been abundantly 
confirmed. The drug appears to act upon the adult trematode by cumulative 
action, and results are judged by observation upon the eggs in the urine. Accord- 
ing to Dye, the adult stage of the parasite is most readily affected by tartar 
emetic; cercariae and miracidia are less susceptible, while eggs are not affected 
to anything like the same degree. To test the effect of this drug the freshly- 
passed urinary deposit is mingled with about sixty times as much warm water 
at 130° P., and the hatching of the eggs is observed. Under normal conditions 
this takes place in about five minutes, but after several injections of antimony 
tartrate they become dark and shrivelled and contain dead miracidia. Christo- 
pherson believes this change to be due to the direct action of antimony upon the 

^ The technique is rather elaborate, and consists of collecting the cercariee from one infected snail on 
niter paper, which is subsequently stored in curbol saline in the refrigerator. 
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eggs (Fig. 144). Fairley, from experimental studies on the allied S. spindale of 
the goat, believes that antimony acts selectively on the reproductive organs of 
the female schistosome, and thus brings about firstly, the shrunken appearance 
of the egg and, secondly, cessation of egg-laying capacity. 

There is little information about the excretion of antimony compounds used 
in the treatment of schistosomiasis. Recently, however, Bartler and his colleagues 
have investigated the excretion of tartar emetic in which radioactive antimony 
is incorporated. 

Antimony metal was bombarded with deuterons to produce radioactive 
isotopes. The radioactive antimony was then synthesized into tartar emetic. 
No untoward effect was produced by the injection during 24 days of a total of 
640 mgm. The information so far obtained shows that antimony is excreted 
more rapidly than formerly supposed. 



Fig. 143. -—Egg of 8 , 
hosmatohiuni to show 
de-development of mi- 
racidlum. 

shell; E.E. embryonic en- 
velope ; J/", miracidium ; 0, 
cilia; 01. Cph. cephalic 
glands. 





Fig, 144. — Egg of Schisto- 
soma hoBmatobiuiTij 

showing changes pro- 
duced in contained 
miracidium by antimony 
tartrate. 

{Dr. John Anderson.) 


It should be noted that living eggs left in too long contact with nnV. 

fail to hatch ; therefore all experiments should be performed with freshly- 
voided urine. ^ 

I. Tartar Emetic (Sodium antimonyl tartrate). — Intravenous injections 
are given on alternate days over a period of four to six weeks. It is customary 
to commence with J gr. of tartar emetic dissolved in 10 ml. of freshly-distilled 
sterile water, and gradually to increase the amount by J gr. until the maximum 
individual dose of 2-2J gr. is reached. It is not always necessary to daute the 
antimony with 10 ml, of water ; for amounts under 1 gr., 6 ml. sufi6ces. Some 
toxic phenomena may be avoided by dissolving in 5 per cent, glucose solution, 
but it should not be boiled for any length of time nor subjected to pressure! 
For large nurnbers of patients stock solution of tartar emetic is made up in a 
sterilized vaccine bottle with a rubber cap in a strength of ^ gr. to 1 ml. of dis- 
tilled water ; this can be further diluted later. The solution should be drawn 
into a syringe of 10 ml. capacity, and slowly injected into the median basilic or 
cephalic vein. The total amount injected to kiU all adult schistosomes is about 
25-30 gr. of tartar emetic. Rapid improvement in the condition of the urine 
should soon be observed ; generally aU traces of blood disappear after the injection 
of 15 gr. For children a total of 10 gr. appears to be sufficient, the maximum 
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individual dose being 1 gr. This course of treatment, once commenced, should 
be persisted in ; cases almost invariably relapse if there are interruptions. In 
Egypt (1025) tlie coiu’sc consisted of twelve injections three times weekly till 
221- gr. of the drug had been administered, and occupied four weeks. When a 
small amount of diluting fluid is utilized, as suggested, evidences of toxic absorp. 
tion are noted, such as headache, cough, nausea and transient rheumatic-like 
pains, especially in shoulder joints, and in the shins. 

Fairley confirmed the specific action of tartar emetic on the adult worms. 
In S. spindale infections of the goat he showed that tartar emetic, in doses of 
3-9 to 5-5 mg. per kilo, at daily intervals for a period of from sixteen to twenty- 
six days, kills the adult parasites and eradicates the disease. Penta valent com- 
pounds of antimony (neostibosan, neostam, etc.) do not seem to be so efficacious 
as tartar emetic. 

An intensive method of treatment with sodium antimonyl tartrate was intro- 
duced by Alves and Blair (1946), with the idea of concentrating the amount of 
antimony in the shortest ]K'riod of time, in 100 eases. This method has not been 
universally successful, and has been subjected to criticism as being too dangerous. 
The total dosage was 12 mg. per kilo — or 1 gr. to 12 lb. Thus an individual 
weighing 144 lb. receives 12 gr. 

The total dosage is administered in six, seven or eight injections over a period 
of two days (30 hrs.). When six injections arc given they arc at 9.0 a.m., 12 noon 
and 3 p.m. on each of two successive days. Slow and steady injection is essential 
and should he made at the rate of 2 ml. per minute and a mini mum of 5 mins, 
is taken to complete injection. A fine gauge needle, 23, is used. Ampoules of 
1 gr. S.A.T. per ml. of fluid are made up to 10 ml. with 5 per cent, glucose solution. 
It is claimed that in most cases centrifugal ized deposit of the urine on the day 
after treatment contained no viable eggs and that a large proportion of cases 
became “ skin test negative ” within two months. The greater proportion of 
antimony is excreted by the kidneys, but between 70-80 per cent, remains in the 
body at the end of 72 hours. The main eonelusions liave been conffrmed by 
Girges and Aziz, but the method is held to bo too drastic for mass treatments. 

The intensive method has been recently investigated by Azar and colleagues 
(1951). They have been unable to discover any evidence of hepatic or renal 
damage. The E.C.G. changes constitute the only evidence of any toxic eifect. 
These are limited to the T wave which becomes lower and sometimes diphasic or 
inverted. The avoidance of this timtment in patients with cardio -vascular 
disease is self-evident. 

Potassium antimonyl tartrate may also bo used. 

II , Anthiomaline {Lithium antimony tliiomahte) is recommended as a more 
efficacious drug than tartar emetic. There are no contra-indications ; intra- 
muscular injections are not painful, and there is no ovidonce of either local or 
general reactions. Anthiomaline is very soluble and contains 16 per cent, of 
antimony. It is supplied in 2 ml. ampoules of a 6 per cent, solution containing 
0’(12 grm. of antimony. The initial dose is 0-6 ml. for a child of twelve and 
1-5 ml. for others. The maximum individual dose for an adult is 4 ml.; for a 
child of twelve 2 ml. ; and the total dosage is about 65 ml. It is best given by 
the intravenous route on alternate days. 

Mills (1946) has given a synergic course of stibophen and anthiomaline as 
follows : — the principle was to give a maximum dosage of antimony (0*5 gr.) in 
less than 14 days. The course of anthiomaline consisted of daily injections of 
4 ml. intramuscularly for that period, whilst stibophen was given in 5 ml. doses 
for five days a week. Those with signs of cystitis were given sulphathiazole 2 grm. 
daily for seven days. Cystoscopy was performed before treatment, a week after 
the last injection and thereafter three times at monthly intervals. 
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III. Fouadin {Neoantimosan, stibophen).~A trivalent compound con- 
taining 13 per cent, of aniiniony was introduced in 1929 for the treatment 
of scdiistosomiasis in Egypt. It is claimed that a cure may be effected in 
nineteen days, in contradistinction to the more prolonged tartar-emetic 
treatment. The drug is given intramuseularhj in 7 per cent, solution 
(6-3 per cent, in the latter two preparations) and is put up in ampoules. 
The dosage is as follows: 

For an adult : 1st day . . . . . . 1*5 ml. 

2nd 3-5 „ 

3rd 5 „ 

Subsequently 5 ml. on alternate days up to the 15th. 

The total number of injections should be from ten to fifteen, totalling 
0*4 grm. of antimony. Of this quantity 50 per cent, is excreted in the 
urine and 4 per cent, in the fieces. Late vomiting occurs in 2*5 per cent, of 
the cases. There is apparently no local reaction except, occasionally, 
spasms of coughing. The urine is examined after the last injection, and if 
liviirg eggs are still present, further injections are indicated. According to 
Khalil (1930), in 1,474 cases treated with fouadin a cure was obtained in 
97*6 per cent. It is, however, generally considered that the results are by 
no means so satisfactory as by the older method with intravenous tartar 
emetic. 

Orenstein stated that fouadin should never be given intravenously ^ but 
should be administered intramuscularly on alternate days. In over 
800 school- children treated in this manner no toxic symptoms were 
observed. Overdosage must be avoided. One of the most serious and 
permanent injuries is retrobulbar neuritis with central scotoma and loss of 
colour sense. 

Khalil and others have recorded the supervention of post-antimony 
jaundice in Egypt following mass treatment of the population — about 
3 per cent, were affected in 8,000 treated with tartar emetic, whilst there 
was only one case amongst 2,000 treated by intramuscular fouadin. 
Azar has given fouadin in total dosage of 34 ml. of 6*3 per cent, solution 
over a period of three days and claims better results than with more 
prolonged treatments. 

Trivalent sodium antimony gluconate . — Trivalent SAG- (Watson and 
Pringle, 1950). Burroughs and Wellcome have produced a new compound 
which can be administered by either intravenous or intramuscular injection. 
Sterilization by heat is inadvisable. For S. licematohium infections it is 
given intravenously in doses of 180 mgm. daily for six days. The 
solution is 6 per cent, and the amount injected 3 ml. 

Side-effects are notably absent. The total amount of antimony injected 
is 408 mgm. compared with 566 mgm. in the case of fouadin. 

V. Emetine. — There is some evidence that emetine is toxic to schistosomes 
(Diamantis and Brian). The injections should be given intramuscularly to 
children who are intolerant of antimony, or whose veins are too fine for intra- 
venous injections ; generally treatment is commenced with J-gr. doses, the 
maximum single dose for a child being 1 gr., while an aggregate total of 15-20 
gr. is recommended. 
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VI. Miracil D {Nilodiii) was shown to have definite therapeutic activity by 
Kikuth and r4oennert for mice and monkeys infected with S. niansonu and by 
Vogel for animals infected ydth S. hmnniohimn. Monkeys tolerate 200 mgin. per 
kg. four times a weelc. The first effect is to cause the parasites to retreat from the 
mesenteric veins. In man it is given by mouth and is readily absorbed in doses 
of 0-2-0 -3 grm. daily. Overdosage produces insomnia, nausea and prostration 
and sometimes yellow skin discoloration. The great advantage of this compound 
is that it can be given by the mouth, but, when tested out in African and European 
schoolboys in Southern Rhodesia, the results were at first doubtful. Now Watson 
Abdel Azim and colleagues have obtained better results in Egypt (1948). When 
higher and more frequent doses were given the results were better. In their 
most recent series doses uj) to 300 mgm., at twelve hour intervals, wTre given as 
long as fourteen days. In S. hcemtiohium infections viable ova disappeared from 
the urine ; in 8. nmnsoni cases eggs vanished from the faeces. The physical 
condition improved, but most relapsed later. The best results are achieved bv 
keeping the blood miracil D up to the lethal level, by administration every 
twelve hours. 

Alves in Rhodesia has given 10 mgm. per kg. twice daily for three days 
to a total of 60 mgm. per kg. The drug was given in sugar enteric coated tablets. 
The cure rate in boys at this dosage was 60-5 ])cr cent. For adults the dose 
was 100 mgm. per kg. and the cure rate 47-3 per cent. With uncoated tablets 
absorption is greater and the cure rate higher. 

Blair in S. Rhodesia used relatively higher doses of Miracil (up to 25 mgm. 
per kg. daily in two doses) over a period of five days for children infected with 
8. hoematobimi. This is more effective than more prolonged dosage compared 
with the results. 8. mamovi is much more I’csistant. 


The following dosage is recommended : 


Weight of Patient. 

Total Dosage. 

3 -day Course. 

6-day Course. 

kg. 20 lbs. 44 

1200 mgm. 

Daih'” dose 400 mgm. 

Daily dose 200 mgm. 

„ 40 lbs. 8S 

2400 mgm. 

„ „ 800 mgm. 

„ „ 400 mgm. 

„ 80 lbs. 176 

4800 mgm. 

„ „ 1600 mgm. 

„ „ 800 mgm. 


Table X. — Dosage of Antimony Compounds 


Compound. 

Percentage of Antimony. 

Total Dosage. • 

Ant. potass, tart. 

36 

1*9 grm. 

Ant. sodii. tart. 

39-6 

1-6 grm. 

Stibophen. 

13'5 

40-75 ml. 

Pouadin. 

13-6 

60-65 ml. 

Anthiomaline. 

16 

50-65 ml. 


Local measures. — Stone and troublesome new growths are removed 
by operation. Mackie and others reported good results from perineal 
cystotomy and drainage when distress is extreme. Perineal fistula must be 
dealt with on ordinary surgical principles. Hyperplasia of the vagina and 
cervix is best treated by scraping. If, by care, re-infection from water 
can be avoided, there is no need to send the patient away. 

Prophylaxis. — Most of the general measures detailed here are 
applicable to the other forms of human schistosomiasis. They resolve 
themselves into (1) the protection of snail habitats from fouling and 
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infections ; (2) destruction of snail populations ; (3) avoidance of cercarial 
infection. The first measures are not easily applied, but the advantages 
are obvious, especially by education and propaganda, which has met with 
considerable success in the Sudan. The sanitary measures comprise the 



Fig, 145. — The intermediary hosts of S. hoematobium and S. vnxmaoni {Planorbis 
hoissyi and BuUniLs contortus) in their natural surroundings. Nat. size. 
(J. K. I/und, del) 


siting of all villages at least 300 metres from snail-infested canals, which 
are fenced around, and the provision of good wells and latrines near the 
villages. These combined with mass treatments have already resulted in 
substantial reduction in incidence in the Northern Province, in the Wadi 
Haifa district and in the Blue Nile Province. 
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The second consists of killing or eliminating the snail intermediaries. 
These comprise the introduction of chemicals, the removal of snails by 
manual labour, the removal of aquatic vegetation and other elements 
necessary for their environment, biological control by introduction, or 
encouragement, of natural enemies, or unsniiable types of vegetation 
reconstruciion of natural water-courses, flushing and draining of such 
water-courses. The chemicals employed are copper sulphate, copper 
carbonate, ammonium sulphate and slaked lime. 

Khalil and Azim used copper sulphate in a concentration of five parts 
per million for five days in the streams and channels of the Dakhla Oasis 
with effect. Bauge in Tunisia has confirmed their results. Malachite 
(basic copper carbonate) has been found in Southern Ehodesia to be as 
effective and less toxic, but more expensive and less soluble. The system 
of control in the Fayoum Province of Egypt combines the copper sulphate 
treatment of the larger canals with manual clearance of snails and the clear- 
ing out of vegetation from the smaller wai,cr-coursos. The concenlraiion of 
copper sulphate varies from 50 ])arts per million according to the amount of 
silt and vegetation prescmt. The application of slaked lime OT per cent, 
solution kills snails and tlndr eggs in a day : l)y this method and, in the 
course of several treatments, canals and tanks have been kept free from 
them for six months. One t/reatment every three months usually sutfices. 
Lime has the advantage of being non-toxic to domt^stic animals and also to 
cultivated land. The efficacy of drying up the canals, ponds and water- 
courses. which was advocated originally by Loipcr, is doubtful toiBnUnus 
truncatus cannot he exterminated by emptying and drying the canals for 
40 days. Even in pools in oases miles removed from the Nile and main 
channels these snails reappear miraculously, directly they fill up after rains. 
Probably the eggs are reintroduced on the feet of ducks and other water 
birds, but Barlow has shown that the chief species of snails can withstand 
desiccation for one year at least. 

In the endemic districts, children, in particular, should be carefully and 
repeatedly warned, by school and religious teachers, against drinking or 
bathing in rivers, ponds, and canals. (Fig. 145.) Sportsmen should be 
warned against wading, especially when shooting snipe, in localities known 
to be infected ; even fishing in fresh- water canals in countries like Egypt 
is not free from risk. Swamps, when slightly brackish, are safe. Drinking- 
water should be boiled, and every care must bo exercised to prevent the 
diffusion of the disease by prohibiting the evacuation of excreta into or 
near water, where the miracidia might find the opportunity of development 
and transmission. This prohibition should not be restricted to patients 
exhibiting definite symptoms of the disease, but extended to all, because, as 
special inquiries have shown, a large proportion of the infected do not suffer 
from any troublesome symptom and are often unaware of their infection. 

Khalil states that in 1928 all bulinus snails wore completely exterminated in 
the isolated irrigation region of Wardan in the west of the Nile Delta, by mixing 
copper sulphate, 1 in 200,000, in the entering water. A few months later they 
were present in large numbers, some being found on weeds caught by the pillars 
on a wooden bridge at the entrance of the canal. It therefore seems as if all 
the canals in the Delta were restocked from the Nile. That infected snails are 
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found in the Nile there appears to be little doubt, for 25 per cent, of the children 
who have never left Roda Island (which lies opposite Cairo) are infected with 
S. hcematohium. Biological control by keeping ducks, hedgehogs and fish which 
feed on the snails has only limited application. Control by aquatic plants — 
especially by growing the water-hyacinth — Pistia stratiotes—hsis been suggested as 
it has been observed that snails are scanty in waters when the surface is covered 
by them. 

A suggestion for practical prophylaxis of schistosomiasis was that of Archibald 
in the use of the fruit of Balanites oegyptiaca, a tree which grows naturally 
in the irrigated areas of Africa. Prophylactic measures suitable *for one 
area are unsuitable for another, and the Arabs resent chemical treatment of 
their only potable water. Balanites cegyptiaca fruits prolifically for six months 
annually ; the date-like fruit is eaten, but the berries, kernels, bark, roots and 
branches contain an active principle which is deadly to molluscs, miracidia, 
cercarioB, tadpoles, and fish. For actual use the berry is advised : one weighing 
5-2 grm. suffices to kill schistosomal molluscs when soaked in 30 litres of water. 
Thirty-five berries are added to a 4^-gallon petrol-tin of water and stood 
overnight. The next morning the softened pulp is crushed in water and stood 
for twenty-four hours, and this suspension is added to a cubic metre of water. 
This suspension may be obtained naturally, if there is a dense afForestation of 
these trees on the borders of canals and pools which harbour schistosome-carrying 
snails. Ransford in the Kota Kota district of Nyasaland has shown that the leaves 
of a shrub — Tephrosia vogelii — which is easily cultivated — acts as an efficient 
molluscicide in a strength of 1 : 4,000. It is commonly used by the native 
population as a fish poison, but is harmless to human beings and animals. 

The third measure — avoidance of cercarial infection — is more practical. It 
consists of avoidance of skin contact with or drinking of infected water. It has 
been shown experimentally that cercariie only penetrate the skin when water is 
evaporating — hence vigorous wiping with a towel after bathing is a useful method 
of prophylaxis. Cercaricidal substances are employed. Originally Witenberg and 
Gofe found chJoramine more effective than gaseous chlorine or sodium hypo- 
chlorite. The concentration necessary is 0*22 parts per million residual after ten- 
minutes’ application for chloramine, 0-42 for sodium hypochlorite and 0-6 for 
gaseous chlorine. The heat of the direct rays of the sun is lethal to cercarise. 
DDT has been found to possess slight anticercarial action. 

It has been noted in pools in S. Africa which had been sprayed with DDT from 
the air that there is a rise in the snail population, and therefore increases 
the chance of infection with schistosomes. In a search for potent moUuscides 
von Brand and his associates have found only two of any value — ^pentabromo- 
phenol and pentachlorophenol — ^but both are extreme irritants to the mucous 
membrane of the respiratory tract. 

Mass treatments. — ^The efficacy of prevention in any anti-schistosomal scheme is 
greatly enhanced by concurrent treatment of the infected population. 

IL Intestinal Schistosomiasis {Schistosoma mansoni) 

Synonym. — Intestinal bilbarziasis ; Schistosomal dysentery. 

Definition.— A chronic endemic disease caused by Schistosoma 
mansoni, giving rise to dysenteric €tnd other symptoms referable to the 
intestinal canal, is characterized by appearance of lateral-spined eggs in the 
fseces. In the early stages there may be general symptoms, such as fever 
and urticaria, indicating absorption of the toxins excreted by the parasites. 
One of the visceral manifestations of this mfection is Egyptian spleno- 
megaly, a common disease in Egypt and Northern Nyasaland, in many 
respects resembling kala-azar. 
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Epidemiology and geographical distribution.— Scteosowa 
mansoni requires slightly different conditions for its propagation from 
those of S. Immatobiim, so that, though frequently found associated irx 
Africa, yet there are areas in the Southern Sudan and in West Africa 
where S. mansoni is prevalent and S. hcematohiiim absent. Although 
schistosomiasis occurs in eleven out of fourteen provinces in the Sudan, 
S. licematMuni is the common type in the north, and south of the Upper 
Nile Province S, mansoni alone is found. (Map VIL) 

Infection is acquired during the months of the year when water is 
sufficiently shallow to permit a high concentration of cercarim. In inland 
lakes the seasonal incidence is from October to the end of January, hut in 
the Nile baclnvaters the danger period is usually February to June. 

In South America, especially in Surinam and Venezuela, S', mansoni is 
widespread ; in the latter country it forms an important problem, and 
30,000 are infected in one area, the central part of the Northern coastal 
range where the intermediary, Austrahrbis glabratus} is found. Infesta- 
tion is commonest where sugar cane is irrigated. In several communities 
at least one quarter are infected, especially men. Whenever snails occur 
near houses the women are as highly infected as men, and the children 
acquire infesta,tion early. The West African green monkey (C&rcopitheci.is 

salmvA) constitutes a reservoir of S. mansoni 
infection in W. Africa, and also in St. Kitts in 
the Lesser Antilles where it now lives in a 
feral state. 

^Etiology. — The parasite much resembles 
S. licematohkm- The distinguishing features are 
that it is generally smaller and more grossly 
tuber ciliated. There are other points (Fig. 
146). The female deposits one or two eggs at 
a time — a circumstance perhaps explicable by 
the peculiar structure of the uterus. The eggs 
are somewhat spindle-shaped, provided with a 
lateral spine (Plate XXVI, 12, facing p. 1079) 
and are generally slightly shorter than those 
of S. Jweviatohium, 0*16 mm. in length by 0*06 
mm. in diameter. These eggs are passed out 
in the faeces, jrarely in the urine, and hatch out 
a ciliated miracidium. {See also p. 710.) This 
species may live in man for 26 years. 

Pathology of intestinal schistosomiasis.— 
The eggs of S. mansoni may be found in great 
Fig. 146. — Schistosoma man^ numbers in the liver, where they give rise to a 
sonif male and female x 6. peculiar form of pipe-stem cirrhosis. Sandy 
(After Looss,) patches, due to effete calcified eggs, cover large 

areas of the intestinal surface, and may give rise 
to acute choleraic diarrhoea. Black pigment granules are deposited in the inter- 
stitial and secreting cells of the liver, and have been shown in both/S. mansonimdS. 
hcmcUobinm infections, but are commoner and more abundant in the former. 



^ Formerly PlanorMs guadelcupmsu. 
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rt is golden brown or sepia, and gives the same reactions as malarial pigment 
(hsematin). The gall bladder has very rarely been found infected. The lymph- 
glands in the retro-peritoneal tissue are enlarged. Tliere is generally an 
appreciable hypertrophy of the spleen, which may possibly be attributed to 
toxic absorption and which gives rise to the clinical syndrome known as Egyptian 
splenomegaly. 

The affections of the colon may be classified into four types — (a) those with 
simple thickening of the mucous membrane; (b) thickening of the mucosa 
with papillomata and ulcers ; (c) pericolic tumours associated with papil- 
lomata ; (d) polypi of the caecum which may lead to intussusception . Infiltration 
of the appendix with JS. mansoni eggs is not uncommon and may give rise to the 
signs and symptoms of acute appendicitis, which is complicated by secondary 
bacterial infection. 

The small intestine is hardly ever aJBFected, except in its lower part. In the 
colon the disease causes the formation of septic foci, and ulceration of the bowel- 
wall appears to be produced by the tearing-off of pedunculated papillomata 
by the peristaltic action of the intestine. By this means, and by sloughing 
at the base, are produced clear-cut ulcers which may become subsequently 
infected with Entamoiba histohjtica. Perforation of the bowel may occur. 
Fairley and Lampe drew attention to the similarity of the disseminated pericolic 
nodules to miliary tuberculosis and also to infiltration of the mesenteric glands 
by schistosome eggs. Disseminated bilharzial tumours of the peritoneum closely^ 
resemble carcinomatosis (Trim). 

Shaw and Ghareeb emphasized the importance of pulmonary damage as the 
cause of death in JS. mansoni as well as in S. hc&matohium infections. The main 
damage is due to embolism by eggs derived from female flukes outside the lung. 
They are filtered out in the arterioles which accompany the bronchioles, pro- 
ducing diffuse arterial changes resembling Ayerza’s disease. Parenchymatous 
tubercles are found containing the characteristic eggs. In some 10 per cent, of 
cases, the adult worms have been found in. the pulmonary veins. 

Visceral Schistosomiasis ; Hepato-libnai Fibrosis ; 

Egyptian Splenomegaly 

Splenomegaly, associated with cirrhosis of the liver, is common in all parts 
of Upper and Lower Egypt, where 20 per cent, of infants under four years 
of age are found to have splenic enlargement and anaemia. It is common 
among the working class at all ages up to thirty ; in the young it is apt to 
run a severe course, while at a later age the chronic form, progressing to 
ascites, is met. In children the disease is generally associated with rickets, 
in adults with ancylostomiasis. A similar syndrome was recorded by Dye 
from Northern Nyasaland in patients also infected with Schistosoma 
mansoni. Originally, Day came to the conclusion that in Egypt this 
disease is a peculiar manifestation of S. mansoni infection. He regarded 
it as distinct from Banti’s disease in that the hepatic changes are noted 
from the commencement, while the eosinophilia and recurrent fever dis- 
appear under specific treatment with tartar emetic. Hyperplasia of the 
spleen appears to be secondary to hepatic cirrhosis, and to this condition 
are to be ascribed the anaemia and leucopenia which are found in 
advanced cases. Those with advanced cirrhosis are just those who have 
few intestinal symptoms, and who pass scanty, or, it may be, no eggs in 
the stools. To account for this anomaly it has been suggested that in 
these cases unisexual infestation with a preponderance of male worms 
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exists. Eggs of S. viansoni may be found on digestion of solid organs, 
such as the liver and spleen, with potash. This form of scliistosoiniasis 
does not appeal’ i o he t'oond in South America, but has been reported from 
N. Africa in association with S. Immaiohinm (Blanc and Touzin). 


Pathology of hepato-lienal form (Egyptian splenomegaly).— Ferguson 
recorded that tlie average weight of the spleen is 30 oz. ; it may reach 
300 oz., and, according to Day, may contain scanty eggs of iSf. incmsoni. It 
is firm ; microscopically there is a general hyperplasia with active phagocytosis 
of red cells by macrophages. 

Onsy stated that the only certain method of finding eggs in these spleens is 
by macerating the tissues in 20 per cent, soda solution and then centrifugalizing. 
The eggs arc phagocytosed by giant cells, a process accompanied by considerable 
eosinophilia. In order to account for the widespread nature of the visceral 
lesions and the paucity of eggs, the view was put forward by Girges and others that, 
Egyptian splenomegaly is caused l)y infection by male Schistosoma wunsoyn, in 
the absence of the female ; but this view is not widely held. On the other hand 
the presence of “ spinster ” females has been reported. 

Abdel Shafi claimed that, although the incidence of eggs in the liver is fairly 
high, yet other organs and tissues show n\uch heavier deposits, that infection 
of the liver alone is unlmown, and that the number of eggs in the liver substance 
is small in comparison with the extensive cirrhotic changes in that organ. 

The liver is usually enlarged in the early stages, and presents the picture of 
early multilobular cirrhosis with isolated necrotic foci. In the more advanced 
stages the organ is shrunken and firmly fixed to the diaphragm by adhesions. 
There is a comparative absence of bile-duct formation. The bone-marrow 
shows no groat disturbance of the hajmopoietio system. 

Symptoms of intestinal schistosomiasis. — As in S. limmatohium 
infections, the earliest manifestations are associated with the entry of 
the cercariae into the skin, and consist of an irritative dermatitis depending 



upon tho intensity of exposure. Within 
a few hours luinute petechia3 may be 
observed at tho sites of invasion of 
blood vessels, but those disappear in 
a day or two. 

S. viansoni inhabits chiefly the 
branches of the portal vein in the liver 
and the mesenteric veins. Its eggs, 
deposited within the submucous layer 
of the large intestine, give rise to 
dysentery-like symptoms, commencing 
six to eight weeks after infection ; 
mucus with blood is passed from time 
to time, the ogg-laden stools becoming 
frequent and their passage being 
perhaps attended with tenesmus. 
In certain well-established cases small 


Fig, 147.— Rectal schistosomiasis 

adenomata prolapsed through anus. 

(After Madden.) 


(sometimes large) branching, soft 
growths are felt inside the sphincter 
ani. (Fig. 147.) They resemble 


polypoid growths and are apt to be mistaken for intonial piles. They 
may extend as high up the bowel as tho sigmoid flexure. If one of these 
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growths is teased up, the lateral-spined eggs 
are seen in the debris. 

Ill heavy infections, in early cases, toxic 
symptoms resembling those of katayama 
dllsease (p. 729) are noted, especially in 
Europeans. General symptoms consist of 
intermittent pyrexia, with giant urticaria, 
abdominal pain, anorexia, rigors, and pulmo- 
nary symptoms. (Chart 27.) The very evident 
urticaria, often accompanied by swelling of 
the face and lips, is thought by some to be due 
to destruction of cercarice in the skin capillar- 
ies; by others to the filtering out of foreign 
proteins from the portal circulation. Pons 
stated that cough is invariably present in 
early cases, and tenderness is found over 
the liver, spleen, and intestines, especially 
over the caecum. On abdominal examina- 
tion of dysenteriform cases enlargement of 
liver as well as of spleen is frequently found. 
A pronounced leucocytosis with high eosino- 
philia (up to 76 per cent.) is invariable. 

Later, localized symptoms, with passage of 
dysenteric motions, supervene. 

In the terminal stages large palpable 
abdominal tumours may form, and intestinal 
stasis or distension may take place. Infil- 
tration of the buttocks with eggs, leading 
to induration and fistulas, is not uncommon. 
When the liver has become markedly cir- 
rhotic, ascites may be present. Pneumonia 
from egg-deposition in the lungs is an 
occasional complication^ 

Sometimes dysenteric attacks may develop 
into acute diarrhoea, of choleraic type, which 
may prove fatal. Deposition of the eggs in 
the appendix occurs comparatively often and 
produces symptoms of a subacute appendici- 
tis. Generally, the organ is much thickened 
and infiltrated so that it can easily be palpated. 
The diagnosis of schistosomal appendicitis 
from septic or amoebic appendicitis may be 
difficult. Chronic intestinal obstruction may 
result from schistosomal tumours and may 
be accompanied by serous peritonitis (Trim). 


Symptoms of the hepato-lienal form I I 
(Egyptian splenomegaly) . — The symptoms 


condition, 


^Pulmonary sclerosis resembling Ayerza’s disease appears to be comparatively common (Erfan, 1948X. 

24 


Chart 27. — Four-hourly temperature chart of acute schistosomiasis {S. inuiisoni). [Lawton,) 
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commonly known as “Egyptian splenomegaly,” appear to be more 
objective than subjective. There are irregular fever, wasting, and a 
striking pallor. The spleen is obviously enlarged, ^ hard and firm, 
often reaching to the umbilicus (Fig. 148) ; the liver also in the 
early stages is enlarged. Vomiting and diarrhoea are frequent. In the 
later stages oedemas, of varying degree, and purpuric rashes may ensue. 
The fever is generally irregular, intermittent, and not amenable to quinine 
or other antimalarials. The splenic enlargement causes pain and dis- 
comfort, especially after meals, and on exertion gives rise to a dragging 
sensation, though the main symptoms are caused by debility and anaemia. 
As the disease progresses, so pyrexia increases, until the steady enlargement 
of the liver and spleen causes the costal angle to expand. Hsenmtemesis 
often occurs, hut jaundice is rare. Hepatic abscess associated with visceral 

schistosomiasis has been reported by 
Graham. The final stage is ushered in^ 
by cirrhotic changes in the liver, which 
becomes hard and firm and shrinks 
within the costal margin. The spleen 
also becomes fibrotic, hut does not 
proportionately decrease in size. The 
pain, which is due to perisplenitis 
and perihepatic adhesions, increases, 
while vomiting is common. Fmally, 
the patient succumbs with symp^ 
toms of hepatic cirrhosis, ascites, 
and emaciation. Death is usually 
due to pulmonary complications. 

Kenawy described a continuous 
venous hum which may be heard by 
the stethoscope over the liver, and 
which he considers is characteristic. 
The hum becomes louder during inspi- 
ration, and also in the erect position. 
After splenectomy the sound dis- 
appears ; this is probably due to the 
removal of some venous communi- 
cation. Unfortunately, this sign is 
of no great assistance in differential 
diagnosis, for a similar hum has been 
noted in other forms of cirrhosis, as 
well as in Banti’s disease. 

The blood picture varies. In the 
early stages there is a leucocytosis 
of 17,000 and myelocytes may be present; later, progressive anaemia of 
the microcytic type becomes apparent, with leucopenia of 3,000 and a 
mononuclear increase of 10-17 per cent. 

Among the rarer complications, thrombosis of the portal vein and 
hepatic carcinoma have been recorded. 

The course of the disease is generally protracted : in older children and 



Fig. 148. — Egyptian splenomegaly. 
{Df. S. C, Jones.) 
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adults it may run twenty years or more. Ascites is always regarded as 
unfavourable. In all its aspects this stage resembles that of schistoso- 
miasis japonic a. 

Diagnosis .—The characteristic eggs are easily found in the faeces 
under low powers of the microscope ; they may be very scanty, and it is 
necessary to examine three or more specimens before arriving at a nega- 
tive diagnosis. (Fig. 149.) They are more easily found in solid than in 
fluid stools, especially in the outer portions of a motion. Quite a high 
proportion of cases are latent — that is to say, they do not present any 
recognizable or urgent symptoms. The Editor found examination of 
mucus and scrapings from the rectal mucosa, obtained tlirough the 



Fig, 149. — Microphotograph of miracidium of Schistosoma 
rrmisoni escaping from egg. x 1,500. 

(Dr. A. J. Chalmers.) 

proctoscope or sigmoidoscope, more reliable than faeces examination. 
Crypt-aspiration by special suction apparatus has been practised by 
American specialists. Allen Scott also considered that the highest 
diagnostic efficiency is obtained by rectal swabs. On examination of 
over 1,000 faecal specimens by three different techniques and by a 
combination of them — m^., egg-counting by StoU-Hausheer method, 
using 0-005 ml. of faeces diluted in decinormal soda, sedimentation in 
normal saline consisting of concentrated egg-count and swabs — ^he foimd 
that the latter method gave the best results. In about 5 per cent, of 
cases in Egypt the characteristic eggs may be found in the urine as well 
as in the faeces. 
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Fiilleborn recommended the Telemann method of finding the eggs when 
scanty. The faeces are shaken up with a mixture of concentrated hydrochloric 
acid, I part, water, 1 part, ether, 2 parts, and strained through gauze ; the filtrate 
is centrifuged and examined. The deposit may then be mixed with water 
and the eggs encouraged to hatch, when the miracidia are more easily detected 
(Appendix, p. 1084). 

In this form of schistosomiasis the total serum proteins do not vary much 
from normal, but the globulin and globulm-albumin rates and the percentage 
of euglobulin are increased, more especially in patients with splenomegaly 
(Khalil and Hassan). The formaldehyde test may, therefore, constitute a 
reliable means of differentiation from leishmaniasis. 

The complement-fixation and intradermal tests are the same as in S. 
hcematohium infections (p. 711). Pifauo and Mayer have recorded good 
results in Venezuela with alcoholic extracts of the hepato-pancreas of 
infected Australorhis glahratus ; more recently with extracts made from 
adult S. mansoni which give 95 per cent, of positive reactions. In the stage 
of invasion antibodies appear at the beginning of the third week. Standen 
has devised a special tochiiiquo for concentrating cercarise of S. mansoni 
for the preparation of antigen. 

In rectal disease, should S. mansoni be suspected, an adenomatous 
growth may he removed by forceps and examined for eggs. . 

Sigmoidoscopie examination usually reveals pedunculated adenopapil- 
lomata in the upper part of the rectum, but usually this is unnecessary, as 
they can be felt by digital examination and may sometimes be seen pro- 
truding in polypoid masses from the anus. In very early cases granular 
patches can be detected on the rectal mucosa from which eggs may be 
obtained by scraping with a blunt Volkmann spoon through the sigmoido- 
scope or proctoscope. The localized thickenings of the large intestine, due 
to polypi and pericolic growths in the transverse and pelvic colons, may be 
palpated in heavily infected subjects. 

Differential diagnosis of the hepato-lienal form has to be made from 
splenic anaomia and other forms of splenomegaly. It is stated that injec- 
tions of adrenalin decrease the size of the sploen in splenic anoemia, but are 
without effect in schistosomiasis. 

Treatment 

I. Antimony treatment. — Gross changes in the organs are more 
extensive than in S. hcematobium infections, due partly to toxic absorption 
and partly to deposition of eggs, and it is possible, as Madden and Day 
asserted, for adult trematodes to be extirpated by tartar emetic without 
affecting the fibrotic changes. Hence, it may prove necessary to remove 
polypoid or adenomatous growths obstructing the intestines. In early 
cases antimony is as successful as it is in S. hoematohiuni infections. Lamps 
in Surinam treated out-patients with three injections of 8 ml., 5 ml. and 
7*5 ml. of a 1 per cent, solution of tartar emetic thrice weekly — a total of 
150-2()0 ml. — the whole course occupying six to seven weeks. Dye and 
others gave rectal injections of tartar emetic as being especially suitable 
for children, who can tolerate 16 gr. by the rectum without toxic effects, 
but the amount of the drug absorbed is unknown. Five to seven daily 
intrarectal injections are necessary. 
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S. mansoni is more difficult to exterminate than S. Imynatohium, and 
requires larger doses of intravenous tartar emetic — up to a total of 50 gr. 
As in S. hcematohiimi infections, fouadin has been extensively employed as 
an intramuscular injection, especially in Egypt, but it does not appear to 
be as efficacious as intravenous tartar emetic, while Khalil has reported a 
few cases of sudden death. From Egj^ptian statistics in 1934, it is learned 
that the total number of schistosome cases which received nine or more 
injections of fouadin was 1,938 ; of these 53 per cent, were cured, but 21 
per cent, required eleven injections, and the remainder even more. After 
thirteen injections, signs of intolerance were noted. {See p. 715.) 

Khalil thought that there are individual variations in the excretion of 
fouadin, and that idiosyncrasies to this drug may occur. The rate of renal 
excretion is important, and the drug is most easily tolerated by children. 
Any degree of kidney damage is a contra-indication. Usually, after the 
fifth injection dead eggs of S. mansoni may be found in the faeces. Relapses 
are recorded in 33 per cent, of cases. Fouadin gives a positive catechol 
test in the urine — a green colour with ferric trichloride which changes to 
violet on adding sodium carbonate. If the urine is not clear, it must be 
centrifuged. Anthiomaline, as in S', hcematohium infections, is being 
extensively employed with success (p. 714). 

Goodwin (1944) found trivalent sodium antimonyl tartrate to be half 
as toxic as sodium antimony tartrate. The total course for an adult 
is up to 16 grm. in daily injections for 12 days. 

II. Miracil D (Nilodin) (see p. 716) is given in the same manner as for 
S', limiatohium, but this parasite is more resistant. Larger doses are 
necessary and the treatment must be more prolonged. 

Some two thousand Africans in the Belgian Congo with S. mansoni 
infection have been treated orally with Miracil D. The dosage for adults 
was 7-2 grm. given in divided doses twice daily for six days amounting to 
130 mgm. per kg. 

III. Operative treatment of intestinal schistosomiasis. — Dolbey 
and Fahmy held that the rational method of obtaining a permanent cure in 
cases with extensive disease of the rectum is excision of the whole tube of ‘ 
mucous membrane. Lengths of 12-15 in. can be removed with ease. A 
circular incision is made at the junction of skin and anal mucous membrane; 
the external sphincter and levator ani attachment are separated by blunt 
dissection ; when once the latter has been separated, the mucous tube may 
be loosened by the gloved finger and withdrawn until the upper limit of the 
papillomata is reached. Recovery is uneventful ; there is little tendency 
to retraction of the tube, and control of the anal sphincter is regained. This 
operation is unsuitable for very anasmic or debilitated patients. 

IV. Operative treatment of the hepato-lienal form. — According 
to Richards, paUiative operative interferences, such as frequent tapping and 
the Talma-Morrison operation (omentopexy), are permissible in cases with 
ascites, though in early cases before the development of ascites, he per- 
formed splenectomy with success. Coleman, Bateman and Stiven con- 
firmed the value of this operation. The mortality-rate is about 15 per cent, 
and deaths are due to late shock. Great care is still necessary in the 
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selection and preparation of cases for operation. Ascites, pellagra, heart 
disease and debility are contra-indications. Considerable leiicocytosis 
differentiates this condition from leukaemia. In his account of 390 cases, 
Stiven stated that five to six weeks’ preliminary treatment is necessary ; 
it should consist of tetrachlor-ethylene, to get rid of intestinal parasites, and 
intravenous injections of neosalvarsan for syphilis. The weight of the 
spleens removed by this surgeon averaged 3| lb. The favourable results 
appear to be permanent, and ascites does not develop. Day claimed that 
early cases are curable with tartar emetic. 

Stiven operated with stovaine spinal anaesthesia, making an incision, varying 
in length with the size of the spleen, down the centre of the left rectus parallel 
with the middle lino, and starting at the costal margin, Sldn and rectal sheath 
are divided by the knife, the rectus muscle being separated into two equal 
parts by a sweeping action of the finger. The peritoneum being opened, the 
spleen can be delivered, in the absence of adhesions, through the wound. The 
pedicle is clamped and the organ removed. The former is now transfixed with 
a long pedicle needle, armed with black and white linen thread, linen being less 
apt to slip than silk, and the difference in colour ensuring recognition of the 
necessary interlocking. After operation, patients are givori nothing to drink 
for twelve hours and then strict diet for five days, and subsc(][uently a purge. 
Nourishing 'diet and iron and arsenic are necessary. Patients usually leave 
hospital after fifteen days. 

Observations made in Egypt upon the late rc^sults of splenectomy have 
been summarized by Abdoix and Grace. Of 35 operated during a period 
of ten years 80 wore alivo. Of the live fatal cases, one died of portal 
thrombosis. The general results wore consicl^'VcKl good. The lassitude 
and anaemia disappeared; nutrition wa.s ri^sf.orod and liealth maintained. 
In Pernambuco, Brazil, da Silva oporai.ed upon some sixty during 
6-J years. Maximum incidtmee was Ixd.wt'on 15-24 years. Hiieinatemesis 
due to rupt.nre of oesophageal vimis occurnul in 56*6 ])(n’ C(mt., and this 
constitutes an indication for operation. Ih'e-opcu’ativo antimony treat- 
ment is not advised. ITiero ww. 15 j)ost-operative deaths. 

Immunity. — Vogel investigating serological and immunological aspects 
found that a slowly built-up immunity takes place in both S', mansoni and 
S.jajponkum infections. He exposed rhesus monkeys at monthly intervals 
to infection with 25 cercariie each. Under those conditions the number of 
eggs excreted by these monkeys at first increased steadily, but after 
6-9 months it began to fall, in spite of superinfectioii. Finally the egg 
output ceased almost completely and at this time exposure of the monkeys 
to doses of cercarigo, which would have proved fatal in xminfeoted monkeys, 
was with effect. At autopsy live stunted adult schistosomes of both sexes 
were present. 

Prognosis. — This is the same as for S* hcematoMum^ but it must be 
remembered that this disease is generally latent, and that even large 
intestinal polypi may give rise to little or no inconvenience. 

Cases with papillomata of the rectum, dysenteric symptoms, tenesmus, 
and anaemia, and those with actual obstruction of the intestinal canal and 
cirrhotic changes in the liver, must be regarded as serious. 
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Prophylaxis is the same as in S. hcernatohiim (p, 716). There appears to 
be a greater probability of contracting the disease in the neighbourhood of 
canals and waterways, which are the favourite haunt of Planorbis boissyi, 
of w^hich a high proportion (50 per cent, or more in some cases) are found 
to be infected with the cercariae of this trematode in Egypt. In Northern 
Nigeria and in Kenya, infection has been recorded from bathing in clear 
pools in the absence of any obvious aquatic vegetation. In South America 
and Venezuela prophylaxis is concerned mainly with avoiding collections 
of water and cane-field irrigation canals which form the haunts of Austra- 
lorbis glahratiLS. 

In Pernambuco (Brazil), slaked hme has been found most effective 
against A. glabratus and Biomphdlaria (Planorbis) centimetralis. Chlorina- 
tion of 0-2 parts per million kill cercarise of S. mansoni in 30 minutes. 
Krakower found the normal span of these cercariae in rainwater was 24-48 
hours; at 5-6° C. they survive up tol4days, but remain motionless, but above 
34° C. the mortality increases, and at 45° C. all die in 30 minutes. Strong 
electric light induces activity and shortens lifespan, whilst ultra-violet and 
direct sunlight are both fatal. Extremes of pH outside the 4*6-10 range are 
fatal and cercariae are rapidly killed in a 1 *5 per cent, sodium chloride solution. 

Berry and others have found eleven chemical compounds effective in 
killing A. glabrakis in high dilutions under natural conditions in Puerto 
Eico. Six proved effective molluscicides. Sodium pentachlorophenate 
and copper pentachlorophenate are excellent and their cost reasonable. 
At 9-5 ppm. calculated at a 6-hour flow-rate destroyed all snails for a 
distance of 1 *5 miles downstream. 

III. Eastern Schistosomiasis (Schistosoma japonicum) 

Synonym . — Katayama Disease. Bilharziasis j aponica . 

Definition, — A chronic endemic disease of Eastern Asiatic countries 
caused by Schistosoma japonicum, and characterized by great enlargement 
of the liver and spleen and ascites. The eggs of the parasite are discharged 
in the faeces. Initial toxic symptoms, urticaria and pyrexia, are common. 

Geographical distribution, — ^For very many years an endemic disease 
characterized by splenomegaly, enlargement of the liver, cachexia, ascites, 
pyrexia, and dysenteric symptoms had been observed in Japan. In 1888 Majima 
found eggs in a cirrhotic hver, and in 1904 E^tsurada saw a miracidium emerge 
from similar eggs which he had found in faeces; later, he discovered the adult 
trematode, S. japonicum, in the portal veins of the cat. In that year also Catto 
found similar parasites in a Chinaman in Singapore. The next addition to 
knowledge was made by Katsurada, who succeeded in communicating the parasite 
to cats by immersing their legs in the water of certain ponds reputed to convey 
the disease. In 1913 Miyairi and Suzuki traced the parasite, through snails 
common in the infected districts, back to the vertebrate host, a discovery con- 
firmed in the following year by Leiper and Atkinson. 

So far, the parasite had been found principally in Chinese and Japanese, 
though a few Europeans — mostly naval officers and sportsmen, addicted to 
snipe-shooting in the rice-fields — had acquired the disease. Its present range, 
as far as is Imown, may be stated as follows : In China it occurs in endemic 
foci in the Yangtse basin on both banks from Ichang, 350 miles above Hankow, 
to the sea ; in the provinces of Hunan (Siang River), Hupeh, Anhwei, Kiangsu 
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and Kiangfcii. An endemic centre has recently been reported from Shinchow on 
the North Kivor near Canton, and also from Foochow (Fukien). It has been 
recorded on the Burmese border between Yunnan and the Northern Shan States. 
In Ja])an it is espf'cialty prevalent in the province of Hiroshima and in the village 
of Katayaiiia. Five schistosomiasis endemic areas are known in Japan. The 
most important extends along the Tone river to N. and E. of Tokio, an extensive 
rice-growing area. Endemic foci also exist in Southern Formosa, and in the 
Southern Philippine Islands — Sa,mar, Leyte, Mindanao and in Celebes 
(Indonesia). Several hundred cases were discovered in Americair troops within 
a limited period in October, 1944, during the invasion of Leyte. (Map VII.) In 
countries where it exists, pigs, dogs, cats, rats, buffaloes and imported cattle and 
horses arc found natural^ infected: native cows, on tho other hand, appear to 
bo immune. 

^Etiology. — Tim parndfa closely resembles S. hcBwalohium, though it is 
smaller and the integument is smooth and non-tuboroiilaied. In proj)ortion, the 
acetabulnm or ventral sucker is longer and stouter tlian in either S. liceniafohiun 
or 8. inansvni. The egqs^ smooth and slightly oval, measure O-OiS mm. by 0-06 
mm., and pass through the intestines into the fasces. They possess a rudimentary 
lateral spine, and show considerable variation in size, but in the uterus of the 
female schistosome they are much smaller than those in the faeces. (See, p. 952.) 
Vogel ( 1 942) has shown that tlio egg passes through tlirce stages— immature, 
mature, and degenerate. Ncm' laid eggs require 10 days to develop to maturityj 
The miraoidium can live the same period within tho egg. In man this parasite 
can live from 20-25 years. 

The niiracidium, after casting its cilia, develops in fresh-water molluscs of 
the genus Oncomelania^^ Grodler, 1881, which have a widespread distribution 
in Japan and China; probably all species of this genus are potential carriers 
of S, japonicum,. 

Pathology. — The outstanding feature is the great enlargement of the liver 
and spleen. The former is hypertrophied and nodular, due to the formation 
and contraction of fibrous tissue ; on digesting with 3 per cent, potash solution, 
it is found to contain many eggs. The great enlargement of the spleen, on 
the other hand, is probably due to absorption of toxins or, possibly, to back- 
pressure, as eggs are seldom found there. As in other forms of schistosomiasis, 
granules of black pigment are found in both visecra. The appendices epiploicje 
are greatly tliickened and may be matted together ; the mesenteric and retro- 
peritoneal lymph-glands are enlarged; hypt^rtrophy and thickening of the 
lower parts of the intestinal tract, with formation of ulcers and polypoid 
growths filled with eggs, are generally noted. Tho bladder is unaffected. 

Occasionally, indurations of the pia mater and granulomatous lesions of the 
cerebral cortex have been found, eggs being present in great numbers. The 
young forms of the parasite enter tho general circulation through the veins 
and collect in the lungs, apparently entering the liver by traversing the 
mediastinum and the diaphragm. Inside the portal system they soon reach 
maturity. Infection of tho foetus during intra-uterine life is apparently 
possible. 

S5rmptoms. — The disease produced by S. japonicuvi is serious and, 
when pronounced, sooner or later proves fatal. The gravity of any given 
case depends, amongst other things, on the degree of infection and the 
circumstances of the patient. Of 1,077 persons near Shushima, Japan, 
examined by Koiki, 42 were found infected. Of these, only 22 were not 
in good health. Penetration of the skin by the oercarise causes an intense 

^ There has been much confusion about the correct nomenclature of these snails ; the reader is referred 
to A-ppendix, p, 954. 
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pruritus, partly mechanical, and partly due to an irritating substance 
secreted by the larvae. The erythema thus produced was formerly 
regarded by the Japanese as a skin disease, “ kabure,” and is similar 
t(j that of the two other forms of 
schistosomiasis. 

The course of the disease can be 


divided into three stages : invasion, 
deposition and fibrosis. The first (Ka- 
tayama disease) occurs shortly after 
infection and lasts about a month. 
It is associated with toxic sjmiptoms 
— pyrexia, giant urticaria, abdominal 
pain, paroxysmal cough, leucocytosis, 
and a high eosinophilia (60 per cent, 
or more). Dermatographia and 
angioneurotic oedema are common. 
As in the case of S. hceniatobmm, eggs 
have been found in multiple skin 
lesions by Fishbon (1946) in American 
soldiers in Leyte. The lesions con- 
sisted of pruritic papules in chest and 
scrotum. Biopsies showed inflam- 
matory reaction with eosinophile 
cells surrounding distorted schistosome 
ova. Garcia found eggs in biopsy of 
chronic ulcer on the leg of a child 
of ten. The seco7id is characterized 
by great emaciation and is accom- 
panied by dysenteric symptoms and 
enlargement of liver and spleen. 
Abdominal pain in right hypochon- 
drium is severe. The third or final 
stage, when it does supervene, occurs 
from three to five years after infec- 
tion. In this the hver and spleen are 
cirrhotic and enlarged (hepato-lienal 
fibrosis). Ascites and oedema of the 
extremities appear, wdth anaemia and 
exacerbations of dysenteric symptoms 
(Fig. 150). The patient may die of 
exhaustion, of some terminal infection, 
or of Jacksonian fits or hemiplegia. 
S. japonimni eggs tend to be local- 
ized in the brain and C.N.S. Total 
blindness, owing to deposition of eggs 
in the cerebral cortex, or destruction 
of the visual centres may ensue. 



Fig. 150. — Terminal stages of Eastern 
schistosomiasis. {Photograph by Dr. 
J. A. Thomson ; by courtesy of Well- 
come Bur. Sci. JRes.) 


Faust and Wright, reporting on the outbreak amongst American 


troops in Leyte in early cases, recognized a fulminating type, a severe 


732 


SCHISTOSOMIASIS 


type with sudden onset, an insidious type and quite numerous asymp- 
tomatic cases. In the severe forms a relatively common symptom was 
“ nuchal rigidity.” A complication supervening in the chronic form is 
cteco-colic intussusception. The ileum may be invaginated into the 
ascending colon. In light infections the only constant sign is a 
tender palpable liver (Johnson and Berry). Marked leucocytosis and 
eosinophilia are associated with the first two stages. 

Diagnosis. — All cases of urticarial fever from the endemic districts 
should be watched for many months (especially if eosinophilia persists 
after the subsidence of the primary attack) and the stools examined for 
eggs of S.japonicum, All cases of chronic intestinal disturbance from the 
districts mentioned, especially if associated with enlargement of liver and 
spleen, should be. regarded as possible cases of schistosomiasis, and the 
blood and stools should be examined. If the characteristic eggs (Fig. 151) 
are discovered definite diagnosis is established. Faeces concentration 
methods for demonstration of eggs are frequently necessary. 




Comploiuent-fixation reactions and intradennal tests, as in JS. hoematohium 
infection, can be carried out with antigen made 
from corcarise of iS. spmdale of the Indian water 
buffalo. Williams has shown that the antigen 
remains ofTcctive in scaled ampoules for eighteen 
years. A similar reaction is obtained with 
m^^BBI^alKBBBB extracts from the bodies of the adult trematodes 

when tlie serum of artificially-infected horses is 
used (Seuzasu, 1917). Most has employed intra- 
dermal tests with antigens made from adult 
schistosomes and found them specific. Pesigan 
(1950), using cercarial antigen prepared by 
method of AlvevS and Blair, concluded that the 
resulting wheal should bo measured at intervals 
of 6, 10, 20, and 30 minutes after intradermal 
injection. According to Faust and Meleney, the 
aldehyde or serum-globulin test is strongly 
positive in many cases. 

It is said that ferments are given off by the adult schistosomes, one of which 
is allied to trypsin and digests albumin in an alkaline medium. 


Fig. 151 . — Eggs 0 f japonicu m 
in fseces, x 250. {Alicrophoto- 
graph by Dr. J. Bell.) 


The disease in its terminal stage has to be differentiated from 
Banti’s disease and from kala-azar. Campbell states that most cases 
diagnosed as Banti’s disease in the Far East are in fact schistosomiasis 
japonica. Louchs suggested that a safe method of making a positive diagno- 
sis is by biopsy of the liver during splenectomy, and the demonstration of 
the eggs, when they are not apparent in the fjeces. Sigmoidoscopy as in 
S. mansoni is of value. In early oases yellowish nodules are seen on the 
mucosal surface of the lower sigmoid and upper rectum. These are elevated 
papules 1--3 mm. in diameter which on scraping yield eggs of 8. jajiomaum 
(Faust). Eectal biopsy and crypt aspiration are of value to demonstrate 
eggs (Hollands and Palmer, 1946). Pathognomonic lesions are seen in 
67 per cent, of cases. The method consists of a heavy-walled bent-tipped 
glass pipette connected with a motor-driven suction pump, developing 
20 in. mercury vacuum. Suspicious lesions are scraped and aspirated. 
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Differential diagnosis has to be made also from Jacksonian epilepsy, 
cysticercosis and tumours of the brain, since deposition of S. jctfoniciun 
eggs in the cerebral cortex may give rise to granulomata of considerable 
size. 

Treatment. — Antimony tartrate, given in the same doses and in ihe 
same manner as for 8. liceinatohiimi, appears to be efficacious in killing 
adult trematodes. A total amount of 24 gr. or more is necessary. 
According to Faust and Meleney, 20-30 gr. of intravenous tartar emetic 
over a period of eighteen to twenty days is usually curative. Anthiomaline 
is probably better than tartar emetic. The Americans in Leyte found the 
pentavalent compounds of antimony ineffectual. Kastein and others 
claimed that intramuscular injections of fouadin in doses up to 5 ml. are 
effective, as in S. liceniatohium infections, but the full course, as detailed on 
p. 715, must be given. At least 16 injections are necessary. Pesigan in 
extensive trials gave up to 40 ml., and in many instances more than one 
course had to be given — up to 65 ml. 

Unfortunately, in China and Japan patients usually apply for treatment 
only when in the advanced stages ; in these the intestinal ulceration and 
hepatic cirrhosis are generally so pronounced that drug treatment is of little 
avail. Miracil D, when tested by Vogel and Minning, is not satisfactory 
and less effective than in 8. inansoni. Clinical trials by Pesigan in man were 
similar. 

As in Egyptian splenomegaly (p. 728) splenectomy has been performed, 
but usually with little success, the hepatic cirrhosis being too far advanced. 
Campbell suggested that, if the blood-platelet count rises after the dehvery 
of the spleen during operation, the splenic artery should be tied, and the 
spleen returned into the abdominal cavity, and that this procedure obviates 
operative shock. 

Emetine , — Injections of emetine hydrochloride are as efficacious as in the other 
schistosome infections; but it is necessary to remember that, as has been shovm 
experimentally in goats infected with the allied Schistosoma spindale, fatal 
thrombosis of pancreatic and portal veins, as the result of the presence of dead 
parasites, may ensue. 

Prophylaxis. — Water reported to cause the disease should be boiled, or 
avoided, for drinking or batlung purposes. Sportsmen, if they must 
frequent such regions, should wear rubber boots or waders. It must be 
remembered that the snail hosts are amphibious. Lime in a solution of 
1 in 1,000 is the most economical reagent for the extermination of the 
intermediary host and kills cercariae in thirty minutes. It is especially 
recommended because of its added value as a fertihzer. Miyajima 
advocated damming up ditches for twenty-four hours and the addition of 
quickhme to make up a 1 per cent, solution for ten hours, whilst those 
outside the ditches are killed with a steam jet. Copper sulphate, 1 in 
200,000, is toxic for these snails, but they may also be kept in check by 
training coohes to collect them. It is said that eggs of the parasite remain 
viable for ten days outside the body in solid faeces, and this factor should 
be recognized in formulating sanitary measures. Wright has summarized 
methods of control: (1) chemical treatment of night soil to render the 
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eggs non- viable; (‘2) paving of drainage ditches of irrigation cliannels and 
removal of vegetation from the hanks to facilitate the flow of water; 
(3) largo scale treatment of infected persons; (4) control of infection of 
reseia'oir iiosis; (5) education to limit the practice of proiniscuoiis def^eca- 
tion and prevention of the custom of bathing and, washing cloths in infested 
wixters ; (1>) the use of molluscicides. The prophylaxis of this form of 
scliisfosnmiasis presents many difiiculties, for the disease attacks domestic 
animals, especially dogs, as Avell as man. The snail vectors, moreover, 
live in almost inaccessible situations in channels, ovcnTiangiiig banks and 
ditches, and, being opercnlated, can withstand drought witlr impunity. 
It has been shown by Kose that those snails which are heavily infected do 
not propagate, as infection with cercarim destroys tlie genital glands. 
The most successful molluscicides are dinitro-o-cyclo-li(vx,ylplienol and its 
dicyclohexyharnine salt wdhch destroy not only the snails but also eggs and 
cercariiB of S. jcq)onicmn>. 
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PARASITES OF THE LYMPHATIC SYSTEM AND CONNECTIVE 
TISSUES : FILARIASIS 

Definition. — Morbid conditions produced by certain nematode worms, 
or filarise, the adults of which, of both sexes, live in the lymphatics, con- 
nective tissues or mesentery, producing live embryos, or microfilariae, 
which find their way into the blood-stream where they are capable of 
living for a considerable time without developing further. 

The embryonic form is referred to in this manual as microfilaria bancrofti 
(Fig. 152, 1); the other filarise of the blood are named microfilaria loa (or mf. 
diurna) (Fig. 152, 2), microfilaria malayi (Fig. 152, 3), microfilaria volvulus 
(Fig. 152, 4), microfilaria ozzardi (mf. demarquayi) (Fig, 152, 6), and microfilaria 
perstans, the embryo of Dipeialotietna perstans (Fig. 152, 5). 

Pathological importance. — Only some of these parasites, so far as 
we know at present, have important pathological bearings, notably, TV, 
bancrofti, W, pacifica and W. vialayi, which, in their adult stages, inhabit 
the lymphatics of man. There is abundant reason to believe that they 
are the cause of endemic chyluria, of various forms of lymphatic varix, 
and of other tropical diseases, including tropical elephantiasis. Loa loa 
and Onchocerca volvnlus produce less serious pathological lesions. 

The filarias less important .from a pathological standpoint are dealt 
with in the Appendix (pp. 995-999). 

1. FILAEIASIS DUE TO WUCHEREEIA BANCROFTI 

Geographical distribution and prevalence. — Wuchereria bancrofti 
occurs indigenously in almost every tropical and subtropical country, 
from Charleston in the United States and Southern Spain in Europe to 
Brisbane in Australia. It is extremely common in India and South 
China, where m some areas nearly 60 per cent, of the inhabitants are 
affected. It is also found in the West Indies, South America, North 
Africa, Southern Sudan, West and Central and East Africa (Map VIII). 
The form in Samoa, Fiji and other Pacific Islands, produces widespread 
disease, and is known* as W. 'pacifica. 

If the individuals who exhibit the microfilaria in their blood be reckoned 
in addition to those who exhibit the pathological effects of filarial disease, 
but in whose blood the microfilaria is no longer to be found, the incidence 
of filarial disease in some of the Pacific islands is very high— as high as 
SO per cent. 

^Etiology. Parental forms. — The parent filarise (Wuchereria bancrofti) 
and the Pacific form (W. pacifica) have been found many times. They are 
long, hair-like, transparent nematodes, 2-3 in. in length (Figs. 153, 154). 
The sexes live together, often inextricably coiled about each other. Some- 
times they are enclosed, coiled up several in a bunch and tightly packed, 
in little cyst-like dilatations of the distal lymphatics (Maitland); sometimes 
they lie more loosely in lymphatic varices; sometimes they inhabit the 
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larger lyuijiliaiic truuks between the glands, the lymphatic glands them- 
selves and, jn’obably not infrequently, the thoracic duct. 

Tile female ivorni is almost twice tlio length of the male, and considerablv 
broader. The fullv-maturo and fecundated female filaria gives birth during 
her lifetime to an unending stream of living embryos, or microfilariae, which 



Fig. I52.--Human microfilariaj ; I, Mf. baticroftl ; 2, Mh loa ; 3, Mf. nialayi ; 
4, Mf. volvulus ; 5, Mf. perstans ; 6, Mf. oz^ardi. (Drawn to scale,) 


emerge from the vaginal orifice. That of W, 2 >acifica, both male and female, are 
smaller and there is some minor morphological distinction. (For further details 
see Appendix, p. 993.) 

Opportunities have arisen for the study of the life history of W, pacijica in 
over 1,000 marines who have returned to America from Samoa. After 3-6 
months residence there acute manifestations of filariasis resulted. Immature 



WUCHERERIA BANCROFTI 


737 


worms have been removed from fugitive swellings in the subcutaneous tissues, 
but very few microfilariae have been discovered in the blood. This is consistent 
with the view that it takes approximately one to one and a half years to complete 
development in the human body (Faust, 1944). (See also p. 744.) 



Fig. 1 53 , — Wuchereria bancrofti (eTdarged)^ left, male ; right, female, 
(Dr. M. Oesterlein.) 


Vi ^ 

Fig. 154. — Wuchereria bancrofti (natural size), left, male; right, female. 

The life-spans of W. bancrofti and its micro filarise have not been finally deter- 
mined. From the fact that the microfilariae have been found in the blood long 
after the opportunity of infection has passed, it is concluded that the adults may 
live for twelve years or longer. The embryo filariae sometimes disappear com- 
pletely from the circulation within a few hours of the death of the parent worms 
during an attack of lymphangitis. 

As shown by Wise and the Editor, the mature worm becomes cretified after its 
death, and may be found in this condition in the lymphatic vessels and glands, 
sometimes in large numbers (Fig. 155), and it has been found by the Editor 
originally, later by O’Connor and Elsbach, that the adult filarise, whether alive 
or dead, cause occlusion of the lymph vessels and thereby contribute towards 
general lymph stasis. 

According to O’Connor, microfilariae are destroyed in the substance of the 
lymphatic glands and are responsible to some extent for the pathological changes 
found in these structures. He showed that they are broken up in the lymph-node 
sinuses ; and that this is the common method of destruction of foreign substances 
in lymph-glands has been demonstrated by Indian-ink injection methods by 
Drinker, Wislieki and Field. McMullen (1937) described a case in an Indian, 
infected with W. bancrofti, in whom the microfilariae were detected, by means 
of the slit lamp, in the anterior chamber of the eye. No visible eye lesions were 
present. 

The microfilarice . — When present in large numbers in the blood-stream, 
microfilariae may be recognized in wet film preparations ; but, when the parasites 
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are scanty, or for the cxaininationofalargenumber of persons, it is often necessary 
to examine a considoraljlc quantity of blood (20 e.min.) in thick-drop preparations, 
dried and then dohminogJobinized. When seen in fi‘csh blood the embryo filaria 
is a snake-like organism which, without materially changing its ])ositioii, wriggles 
about very actively. 

Wiieii dead and stained, the embryo is seen to be enclosed in a sheath 
(Pig. 15G). On nieasnronu‘nt, it is fomul to Ix^ aboiiir 2S0 /x by 7 /x. 

At the anterior extremity of the living microfilaria can be seen a minute 
spicule, wdiich is shot out and as rapidly retracted, and it is thought by some 
that the liead is sheathed by a serrated “ prepuce.” In a fresh blood 
preparation the spicule can be soon disturbing (;olls at some distance away. 



Fig. 155. — Calcified WmJmena pacifica lying in and 
blocking a lymphatic vessel. 

The utility of this mechanism is not known. Manson, who observed a similar 
mechanism in other microfilarieo, including those of birds, suggested that they 
subserved a necessary function in periodicity — the mierofilariju being enabled 
to affix themselves to the walls of the oa^Jillarios by these moans, thus enabling 
them to maintain their station in the blood-stream during the hours of daylight. 

Brug and Eodenwaldt dosoribod in the Butch East Indies the embryo of 
another filaria {Wuchereria malayi) which has a wido range in Malaya, 
Ceylon, India, Dutch East Indies, Indo-Ohina, and South China 
(Fig. 152, 3). Development takes place in a numl)er of mosquitoes of 
the genera Mansonioides and AnoflicUs. The adult stage of TY. malayi 
was described by Eao and Maplesione in 1938. In the Pacific form, 
W. jpacifica, development takes place in Aedes smtellaris 'pseudosouteUaris 
and A. polynesiensis. 

Filct/rial periodicity, — A singular feature in the life of the microfilaria is 
what is known as “ filarial periodicity.*’ (See also p. 741.) 
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Fig. 1 56. — Microfilaria pacifica in hydrocele fluid. The 
embryo on the right has escaped from its sheath. 

If, under normal conditions of health and habit, the blood be examined 
during the day, the microfilaria is rarely seen, or, if it be seen, only one or 



Fig. 157. — Structure of head end of Microfilaria perstans {a, h) and 
of Microfilaria bancrofti (c, d), 

two specimens at most are encountered in a slide. But towards evening 
they begin to appear in gradually increasing numbers. The swarm goes 




740 PARASITES OF THE LYMPHATIC SYSTEM 


on increasing until about miclnigtat, at which time it is no unusual thing 
to find as many as three hundred, or even six hundred, in every drop of 
blood ; so that it has been calculated that as many as forty or fifty milhons 
are simultaneously circulating in the blood-vessels. After midnight the 
numbers begin gradually to decrease ; by eight or nine o’clock in the 
morning the microfilariie have disappeared from the peripheral blood for 
the day. This nocturnal periodicity, under normal conditions, is main- 
tained with the utmost regularity for as many as twelve years, as in the 
cases recorded by the Editor. Should, however, as Mackenzie has shovn, 
a filarial subject be made to sleep during the day and remain awake at 
night, after a period of three to four days the periodicity is reversed ; 



Chart 28.— Filariasis ( W. bancrofti. Microfilaria nocturna), showing 
nocturnal periodicity. 

that is to say, the parasites come into the blood during the day and dis- 
appear from it during the night. It cannot be the sleeping state, as some 
have conjectured, that brings about this periodicity ; for the ingress of 
the microfilariae into the peripheral blood commences throe or four hours 
before the usual time for sleep, and the egress 'sovoral hours before sleep 
is concluded, and this egress is not complete until several hours after the 
usual time of waking. This night swarming of the embryos of W, hancrojti 
in the peripheral circulation has been regarded as an adaptation correlated 
to the life-habits of its liberating agent, the mosquito, Culex fatigans, its 
usual intermediary host. (Chart 28.) 

This periodicity is maintained in the absence of the adult parasites, 
and is therefore a character inherent to the miorofilarise, as was demon- 
strated by Knott (1935) in a patient transfused with microfilariee- 
containing blood and in whom they maintained nocturnal periodicity 
for fourteen days. Hawking’s results (1940) wore loss conclusive in this 
species, but Gonnert in a self-tranfusion experiment with 160 ml. of blood 
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containing embryos of L, loa and A.jperstaiis found that the former persisted 
for four days and retained their diurnal periodicity, whilst the latter 
persisted in the blood for nearly three years. 

Many years ago Manson had an opportunity of ascertaining that during their 
diurnal temporary absence from the peripheral circulation the microfilariae 
retire principally to the larger arteries and to the lungs, where, during the day, 
they may be found in enormous numbers. 

Low, the Editor and Walters showed that, though the periodicity curve is 
absolutely nocturnal, yet embryos may be present in small numbers in the 
peripheral blood in the daytime. The evening rise of the embryo filarise is much 
more gradual than the matutinal fall, and the maximum migration occurs at 
2 a.m. A fall ensues, however, immediately the waking state is entered upon. The 
number of microfilariae in an infected patient remains remarkably constant : 
Low and the Editor observed the periodicity curve maintained at the same level 
in one case for a period of twelve years. 

Various theories have been advanced by FiiUeborn and others to account 
for this singular phenomenon, though none are entirely satisfactory. Yorke 
and Blacklock thought that obstruction to the passage of microfilarise through 
the cutaneous vessels is at a minimum at the end of the period of bodily activity, 
and that the periodicity is primarily dependent upon the variations in the actual 
supply of microfilarim to the cutaneous vessels. It has also been demonstrated 
that the periodicity of the filaria of the American crow is to some extent affected 
by light and darkness. Hawking has shown that acid intravenous infusions 
cause an increase of microfilariae in the capillary blood, w'hilst alkaline ones may 
cause the reverse. 

Gaillard in Indo-China has recently proved that the surgical removal of ten 
fecund parturient female W. hancrofti makes no appreciable difference to the 
microfilarial curve, but that profound physiological disturbances seriously affect 
filarial periodicity, Kubo has actually shown that in Dirofilaria immitis of the 
dog there is also a seasonal variation, and that in China the maximal numbers of 
microfilarias are found in the circulation during the hot weather at the end of 
August and beginning of September : the minimal numbers in November and 
December. In D. repens, and in D. inimitis of the dog the nocturnal periodicity 
is relative. 

Considerable light has been shed upon the mechanism and periodicity by the 
discovery by Hawking and Thurston of a non-sheathed nocturnal microfilaria in a 
monkey, Macaca speciosa. In this animal as in man the curve of microfilarial density 
in the venous blood follows closely that of the capillary blood- They have shown 
that the increase of microfilaria in* the blood at night is not a spurious effect due 
merely to the congregation of the organisms in the capillaries of the skin, but to a 
true increase affecting all the circulating blood. It is due to the periodic libera- 
tion from accumulations in the small blood vessels of the lung. The mechanism 
by which this is brought about is unknown. The nocturnal habit is retained 
by microfilariae when transfused into another monkey. Nocturnal periodicity 
is a specific character. 

The periodicity of microfilaria is a mechanism by which a compromise is 
arranged between the two requirements of the nodcroMaria of optimum survival 
and transmission. They therefore circulate in the blood where the appropriate 
insect bites and spends the rest of the twenty-four hours enjojdng the favourable 
conditions of the lung. 

Non-periodic microfilaria hancrofti . — ^Formerly it was thought that nocturnal 
periodicity was uniformly observ^ by naicrofilarise of W. hancrofti at all times 
and in every country. Many years ago Thorpe remarked that in Tonga and 
Fiji the microfilaria could be found often in great abundance in the blood during 
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the day as well as in the night, but, strange to say, it has since been ascertained 
that the microfilariie of neighbouring islands in the Pacific — namely, the Solomons 
New Guinea and of the Bismarck Archipelago — are nocturnal periodic. 

The Editor demonstrated that the microfilarise of Indian immigrants who 
have acquired their filarial infections in India retain their periodic habits during 
at least thine years of residence in Fiji, but that if an Indian or a Solomon Islander 
acquires the infection in Fiji the microfilaria) are non-periodic in habit. 

As an explanation of this striking anomaly, the non-periodic microfilaria is the 
progeny of a parent worm specifically distinct from \V. bancroffi, for which the 
specific name pacijica is now suggested by the Editor, Mugglcton and Buckley, 
which produces certain pathological peculiarities such as elephantiasis of the arins. 
Fulleborn and the Editor, after minute study and comparison of the inierofilariEe 



Fig. 158- — Section of lung showing microfilariae in alveolar 
capillaries. {MicropJkotogmjoh : Dr, Bpitta,) 


from these countries, found that they are morphologically identical. It had 
been suggested that the non-periodic habit of the Pacific microfilaria is a partial 
adaptation to the day-habit of the intermediaries of the parasite in Fiji and 
other islands of the Western Pacific — Aedes sculellwris pseudoHcutellarvi and A. 
polynesimsis. The significant fact that the range of the non-periodic filaria is 
almost co-extensive with that of these mosquitoes in the Pacific has been 
established. 

The habitat of microfilariae. — In lung sections (Fig. 108) the microfilarise 
lie outstretched or variously coiled in the vessels, large and small. In the 
heart-muscle they are found in the capillaries between the fibres ; in the kidneys 
they seem especially to affect the Malpighian tufts ; a very few are also found in 
the capillaries of the brain ; vast numbers are present in smears from the inner 
su^ace of the carotid arteries. Preparations afford no explanation of how the 
microfilarifiB contrive to maintain their position in the blood -current, or of the 
forces determining their peculiar distribution. 

. SuJ^sequent observations have shown that, though microfilarise can be 
demonstrated in the capillaries of the liver and spleen in small numbers, the 
capillaries of the lung (Anderson) appear to be the favourite habitat of the 



LIFE OF MICROFILARIA 


743 


embryos of If. hancrofti and of other species which do not exhibit this extra- 
ordinary nocturnal periodicity. Thus, the non-periodic Pacific microfilaria has 
also been found in greatest abundance in these situations. 

Hawking and colleagues (1948) have shown that in the filaria of the cotton rat 
— LitomosokUs carinii — the microfilariae in the bloodstream are reinforced from 
reservoirs in the pleural spaces. 

The mosquito the intermediary host of TT. hancrofti . — If the females of certain 
species of mosquito {Cidex fatigans) which have fed on the blood of a filaria- 
infected person are examined immediately after feeding, the blood in the stomach 
will be found to harbour large numbers of living microfilariae, while a few hours 
afterwards many of them A\'ill be seen actively endeavouring to escape from their 
sheaths. Change in the viscosity of the blood seems to prompt them to escape. 
After a time the majority succeed in effecting a breach and in wriggling them- 
selves free from the sheaths which had hitherto enclosed them (Fig. 159). This 
process can be induced by chilling wet blood preparations on ice and then allotting 
them to thaw at room-temperature. The microfilariae now, having become 
free, move about from place to place. At a somev'hat later period it wiU be 
observed that, after discarding their sheaths, they have quitted the stomach and 
entered the thoracic muscles of the mosquito, where they may be seen moving 
languidly. To detect this, the insect should be dissected in normal saline solution, 
for, if distilled water is used, the larvse break up. In the thorax of the insect the 
parasite enters on a metamorphosis which takes from ten to twenty days (accord- 
ing to atmospheric temperature) ending in the formation of a mouth, an 
alimentary canal, and a peculiar trilobed caudal end, as well as in a relatively 
enormous increase in size (to in.) and activity. During this period the larva 
sheds its cuticle (ecdysis) twice. The larval 
filarise now leave the thorax, and the majority 
pass forwards by the prothorax and neck, and, 
entering the head, coil themselves up close to 
the base of the proboscis beneath the pharynx 
and cephalic ganglia, though a few find their 
way into the abdomen, and even into the legs. 

Low first showed that the filaria, in its 
future progress, enters the proboscis, where, 
as pointed out by Grassi, its exact position 
is the interior of the proboscis-sheath (labium) 

(Fig. 160). 

The parasites remain in the proboscis, 
awaiting an opportunity to enter a warm- 
blooded vertebrate host when the mosquito 
next feeds. This they appear to do by pene- 
trating the thin membrane that unites the 
labella to the tip of the proboscis-sheath, and 
so pass on to the surface of the skin, which they 
penetrate in the neighbourhood of the punc- 
ture made by the mosquito. As pointed out 
by Annett and Dutton, there is a weak point 
in the chitinous skeleton of the labium just 
where the labella are joined on, and it is at 
this spot that the parasites escape. Sometimes 
the larval filaria, in its progress through the 
thorax, becomes arrested and dies ; the 
defunct worm then appears to become enclosed, like a mummy, in a case of 
ehitin inside the mosquito’s body, resulting in the curious stmcture represented 



Fig. 159 .— Microfilariae casting 
their sheaths. 
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in Fig. 161. The physical conditions for development are important. The opti- 
mum is between 70 to 90° F. and 70-100 per cent, humidity. The highest infeo- 
tivity rate is obtained when the microfilarise in the imbibed blood number 
100-150 in 0-2 ml. 

Mechanism, of blood suction in mosquitoes . — Fiilleborn concluded that blood- 
sucking in mosquitoes is a reflex action. The fluid is aspirated by the initiatory 



Fig. 160. — W. bancrofti in head and proboscis of mosquito. (G. G. Low.) 

a, a, a, Filarias ; ft, labium ; c, labmm ; d, base of hypopharjrnx ; <*, duct of voneiio-salivary 
gland ; /, /, cephalic ganglia ; p, eye ; A, O 0 soi)hagiis ; <, i3haryngcal muscle. 

gulp-like working of the insect’s sucking pump, and when the mouth cavity 
is full of fluid, the spasmodic action of the pump becomes converted into a more 
or less continuous flow until the abdomen is fully distended. This w'as later 
confirmed by Maegregor. 

These observations prove that, like the malaria parasite, the filaria is introduced 
into its human host through the agency of a mosquito-bito. Once introduced 

into the human body, the filaria finds 
its way into the lymphatics and 
glands, where it attains sexual 
maturity in five to eighteen months 
(Wartman, 1947). In American 
marines in Samoa adult worms were 
recovered within throe months of first 
exposu re ^ In due course new genera- 
tions of embryo filarise (raicrofilariaB) 
are poured into the lymph. These, passing through the gland — ^if such should 
intervene — by way of the thoracic duct and left subclavian vein, or by the 
lymphatics of the upper part of the body, finally enter the circulation. 

Epidemiology and endemiology.-— In most countries in which 

extensive study was made by W. B. Wartman of filariasis in the recent war in the Pacific 
Medicme 26, 4, 333. 



Fig. 161.— Chititiked filaria in thorax 
of mosquito. 
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filariasis is common it appears to be the rule that the incidence of in-‘ 
fection is greatest in the male, though in British Guiana Daniels and 
Conyers found twice as many females infected as males. This 
exception to the general rule probably finds an explanation in 
the habits of the natives who are infected at night in their houses, 
especially in Georgetown. _ The Editor’s statistics from Fiji showed 
that of 1,320 people of Fijian blood, 30*4 per cent, of males and 23-9 
per cent, of females were filariated. The incidence is greatest in 
both sexes ^ after the twentieth year ; comparatively more females than 
males are infected below the age of ten. The youngest infected patient 
a child of 14 months — was recorded by Anderson in British Guiana. 



Fig. 162.— Section of a fibrosed lymphatic gland. 

A, Portions of a calcified TF. pacifica: B, partially occladed lymphatic vessel. 

The rate of filariation varies considerably in different islands of the 
Pacific, even in different districts of the same island, and is in direct 
proportion to the incidence of elephantiasis and other filarial diseases. 
In 1912 in Ceylon the Editor found that, whereas 26 per cent, of the 
adults of some villages were infected, in neighbouring hamlets the in- 
habitants were quite free from these parasites and their associated diseases. 
Probably this inequality may be due to infections with W. malayi, and 
can be explained by proximity to tanks and pools where mosquitoes breed. 

Pathology. — The filaria not generally 'pathogenic . — In most cases of 
filarial infection the parasite exercises no manifest injurious influence 
whatever. In a certain proportion, however, there can be no doubt that 
it does exert a prejudicial effect, and this mainly by obstructing lymphatics. 
Healthy, fully-formed microfilarias — ^that is to say, the embryonic filariae 
in the blood — are, so far as we can tell, harmless. 
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Filarial disease originalimj in injiinj of lymphatic systems . — Roughly 
speaking, tlie filaria causes two types of disease : one characterized by 
varicosity of lymphatics, the other by more or less solid oedema. The 
exact way in which the parasite operates has not been definitely and 
absolutely ascertained for all types of filarial disease. Apparently, in 
some instances a single worm, or a bunch of worms, may plug the thoracic 
duct, and act as an embolus or originate a thrombus ; or, the worm may 
give rise to inflammatory thickening of the walls of this vessel, and so 
lead to obstruction from the consequent stenosis or thrombosis. In other 
instances the minor lymphatic trunks and the glands may be similarly 
occluded. (Fig. 162.) 

The Editor demonstrated in Fiji that the afferent lymphatic glands 
situated at some considerable distance from the actual seat of the filaria 
worms (for instance, the lumbar glands) undergo considerable changes, 
such as fibrosis, focal m^crosis, giant-cell formation, macrophage prolifera- 
tion and aggregation of small epithelioid foci, changt^s which are also 
seen in the lymphatic vessels and periglandular connective tissues. The 
resemblance to tuberculoid focal granuloinata is close (Thompson, Rifkin 
and Zarrow). These changes may be due partly to the destruction of 
microtilariiB within the gland substance, or to toxins oxcroted by the 

adult parasites. Some microfilarige 



undergo calcification, and thereby 
cause endothelial proliferative out- 
growths in tihe lymphatic channels. 
There now ap])oars to bo little doubt 
that the patliological effects produced 
by W. paoifioa ar(^ more severe and 
extensive^ than those due to W. 
banaroftL 

Early manifestations have been well 
dt^scribed by Amorican observers in 
tlio Pacific ar(ui in marines and soldiers. 
They are alltTgic in nature and con- 
sist of fugitive, tender and painful 
swellings like erythema nmltiforme, 
especially on the arms. There is 
lymphadenitis also of the neck, axilla 
and groin. Biopsy studies show 
changes similar to those produced by 
injections of J). immifis antigens. 


Fig. 163.— Dissection of the lym- When the parimt worms are bunched 
phatics in a case of chyluria, show- together lymphangitis appears with 
ing the dilated right and left the liberation of miorofilarire into the 

renal lymphatics and the thoracic with tliese nbeyio- 

duct. (Mackenzie, “ Trans. Path. Soc. ASbOCiatoa witn mese pneno- 

Lond:') mena are generalized pains, testicular 

pain and funiculitis . Moderate emacia- 
tion results (Leede and Josey, 1945). Hypersensitivity is probably the 
explanation of most of these phenomena and the intradermal test is 
usually positive. 
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Classification of the pathological manifestations is difficult. Clinton 
]\Ianson-Bahr has suggested division into three stages: primary or allergic; 
secondary or carrier; and tertiary or obstructive. 

The pnmarij or allergic stage may be simulated by injection of Dirofilaria 
immiiis antigen and consists of eosinophilic infiltration of glands and 
subcutaneous tissue around the immature filarial worms. In this manner 
lymphangitis, funiculitis and orchitis are brought about. 

The secondary or carrier stage may last from two to seven years after 
infection — that is till the filarial worms have matured and the microfilariae 
have entered the circulation as was shown by Michael and ^seumami in 
American soldiers infected in the Pacific in the recent war. 

The tertiary or ohstnictive stage is caused by destruction of the lymphatic 
filter of the lymph glands vith consequent blocking and dilatation of the 
lymphatics. As a result of the lymphatic obstruction there occurs a 
transudation into the tissues of lymph rich in protein which causes a 
cellular proliferation of the comiective tissues with the production of 
elephantiasis. 

Pathology of lymphatic varix. — In consequence of the rich anastomosis 
between contiguous lymphatic areas, a compensatory lymphatic circulation is 
sooner or later established. But before this can be thoroughly effected a 
rise of lymph-pressure and a dilatation of the lymphatics in the implicated 
area must take place. This leads to lymphatic varix of different kinds, degrees 
and situations. When the seat of filarial obstruction is the thoracic duct, the 
chyle poured into that vessel can reach the circulation solely by a retrograde 
movement ; this fluid may therefore be forced to traverse in a retrograde way 
the abdominal and pelvic lymphatics, the lymphatics of the groin, scrotum, 
and abdominal wall. As a consequence, these vessels, together with the thoracic 
duct up to the seat of obstruction, become enormously dilated. In dissection 
of such cases (Fig. 163) the thoracic duct has been found distended to the size 
of a finger, the abdominal and pelvic lymphatics forming an enormous varix, 
perhaps a foot in diameter and some inches in thickness, concealing kidneys, 
bladder, and spermatic cords. In such cases, when one of the vessels of the 
varix is pricked or ruptures, the contents are found to be white or pinkish. 
They are not limpid like ordinary lymph. They are chyle, therefore — chyle 
on its way to enter the circulation by a retrograde compensatory track. When 
the varix involves the integuments of the scrotum, the result is “lymph 
scrotum ” ; when most prominent in the groin, then a condition of glands is 
produced which Manson termed “ varicose groin-glands ” ; when the Ijnnphatics 
of the bladder or kidneys are affected and rupture fi:om over-distension, then 
chyluria is the result ; when those of the tunica vaginalis rupture, then there 
is chylous dropsy of that sac — “ chylocele ” ; but when rupture is into the 
peritoneum — chylous ascites. Occasionally, varicose lymphatic glands resembling 
those in the groin are found in the axilla. Occasionally, also, limited portions 
of the lymphatic trunks of the limbs are similarly and temporarily, or more 
permanently, distended. This, doubtless, is the pathology of all those forms 
of filarial disease characterized by visible varicosity of lymphatics, with or without 
lymphorrhagia. It may happen that the obstruction is in some lymphatic 
tract on the distal side of the entrance of the chyle-bearing vessels into the 
receptaculum chyli. In this case a rupture of the consequent lymphatic varix 
will give issue to a limpid lymph immixed with chyle. 

In filarial disease associated with lymphatic varix, microfilarise are generally 
present in the blood as well as in the contents of the dilated vessels. Sometimes, 
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it is true, the niicrohlariae are not found. Such cases are probably of long 
standing ; had the niicrofilarioo been looked for at an earlier stage of the disease 
they would presumably have been discovered. ’ 

The microfilariae liave been seen to vanish from the blood-stream by several 
observers ; doubtless this is due to the death of the parent parasite, and is 
generally associated with an attack of lymphangitis. 



Fig. 164.— Section of a thickened brachial lymphatic containing portions of dead 
fUariae undergoing disintegration and blocking the lumen of the vessel. Note 
the large amount of fibrosis. 


Pathology of elephantiasis. — Reasons for regarding elephantiasis as a 
filarial disease, — (1) The geographical distribution of W. hancrofti and that of 
elephantiasis correspond ; where elephantiasis abounds, there the filaria abounds, 
and vice versa, (2) Filarial lymphatic varix and elephantiasis occur in the 
same districts, and frequently in the same individual. (3) Lymph scrotum, 
unquestionably a filarial disease, often terminates in elephantiasis of the scrotum, 
(4) Elephantiasis of the leg sometimes supervenes on the surgical removal of a 
lymph scrotum. (6) Elephantiasis and lymphatic varix are essentially diseases 
of the lymphatics. (6) Filarial lymphatic varix and true elephantiasis are 
both accompanied by the same type of recurring lymphangitis. (7) As filarial 
lymphatic varix is practically proved to be caused by the filaria, the inference 
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appears to be warranted that, with rare exceptions, the elephantiasis of warm 
climates — the disease with which lymphatic varix is so often associated and 
has so many affinities — is attributable to the same cause. 

In filariated subjects a process of proliferation of the endothelium of the 
lymphatic vessels takes place — a species of lymphangitis, first described by the 
Editor and later confirmed by O’Connor; it is due to the action of the micro- 
filariae which become imprisoned in the endothelial lining of the vessel (Fig. 165), 
and is probably fostered by the stimulating action of the lymph upon cellular 
proliferation. 

There is quite enough evidence to show that the true pathological basis of 
elephantiasis lies in the destruction and blockage of the lymphatic filters in the 
lymphatic glands. 



Fig. 165. — Occlusion of lymphatic vessels by proliferation of the 
endothelium in fSIari^is (obliterative endolymphangitis). 

For the true understanding of elephantiasis it is necessary to give a few facts 
about the known physiology of the lymphatic system. Lymph is a transudation 
from the veins and its production is maintained and regularized by intravenous 
pressure. It appears that, in order to produce true elephantoid tissue, a tran- 
sudation of lymph must take place, and that this transuded lymph must contain 
an excess of protein ; this forms an ideal culture medium for proliferating cells, 
thereby producing lymphous hyperplasia. 

Diagnosis. — Diagnosis is made by demonstration of the microfilarise 
in the night-blood ; usually 20 c.mm. are necessary for the purpose, the 
thick-drop method being enaployed {see p. 1074). But for reasons already 
stated the embryos may not always he present. There is usually an 
appreciable eosinophilia which is most marked in the allergic stage. 

Knott’s method of concentrating the microfilariae is most useful in scanty 
infections and for conducting filarial mass surveys. This consists of 
abstracting 1 ml. of venous blood from the antecubital vein. This is 
diluted in 2 per cent, formalin in 'distilled water 9 ml. and then centrifuged. 
The microfilariae are found massed in the precipitate. 
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Serological and intradermal tests in filariasis. — These tests were intro- 
duced by Fairley, TaL'aferro and Hoffman, Tlie antigen is i^repared from 
Dirojilana immitis of the dog, Dmciineulm ‘inedhunsis or S(darm equini of the 
horse diluted 1 : 4,000-1 : 8,000, which is washed and dried, it being estimated 
that I grin, is extracted from 250-300 worms. An alcoholic is more potent 
than a saline extract of the antigen. A positive complement-fixation is given 
with most cases of IT. hancrofti filariasis ; hut it is a group reaction, and appears 
to be more reliabk' in L. loa than in W. hancrofti^ but is also ptisitive in Onchocerca 
coir ulus. Lloyd and Chandra obtained the most mliable results with an antigen 
derived from the acetone-insoluble lipoids of D. immitis by the process used by 
Bordet for syphilitic antigen. Mohr and Lippelt obtained similar results with an 
antigen prepared from the filaria of the South American ostrich, Conforfospicidim 
rliecB. Recently, extracts of the filaria of the cotton Y^t^hUomosoides carinii 
— have been prepared and give positive reactions in 77 per cent. (Goodman 
et al, 1945). 

The intradermal test is based on the same immunological principles. Fairley 
uses 0-25 ml. of a 0-L per cent, extract as antigen. An immediate (30 min.) 
and delayed reaction are obtained; the latter ma.y become indirect after a 
period of forty-eight hours. A wheal over 2 cm. in diameter is regarded as 
positive. Antigen controls should be instituted by similarly diluted dog and 
horse protein. Opinions vary about the reliahilLty of this test. In the Pacific 
it is vitiated by the concuiTcnce of intestinal nematode infections. Leligs 
(1947) concludes that, though in some degree, diagnostic, this test cannot be 
wholly depended upon. On the other hand, Wharton (1947) finds that cross 
reactions with intestinal helminths are not infreqtioiit. The immediate reaction 
is erythema from 1-4 cm. in all degrees to wheals with pseuclopodia. It takes 
15 min. to I hour to develop: the delayed reaction takes place after 24 horn's 
with oedema. 

Technique. Preparatmi of antigen for eomplemenUfixation Technique 
similar to that described for scliistosome cercarial antigen is employed, 0-5 grm. 
of the dried powdered Dirofilaria immitis being extracted with 51) ml. of 98 per 
cent, alcohol for 24 hours at 37® C. Well shaken by hand several times during 
this period, it is filtered through Whatman No. 1 and a Buchner filter. The 
filtrate is subsequently concentrated by bubbling air through the solution kept 
at a temperature of 40° C. by immersion in a water-bath till turbid ; this turbidity 
is then removed by adding 8 ml. of fresh alcohol, making the total volume 25 ml. 
The resulting extract is then stored in the ico-chest in amber- coloured ampoules 
of 1 ml. capacity. The technique of putting up the tost is similar to the standard 
advocated for serological diagnosis of schistosomiasis. 

Preparation of antigen for intradermal test. — Fifty ml. of a 1 per cent, saline 
extract of dried powdered antigen is incubated for two hours at 37“ C., being 
well shaken by hand from time to time. Subsequently it is fmssed through a 
Whatman No. 1 filter paper, then through a Buchner filter, and is then sterilized 
by passage through a sterile Seitz asbestos filter. The filtrate is put up in dark 
glass ampoules, and stored on ice. 

PandiVs reactioyi is an adhesion phenomenon. When blood containing mioro- 
filariss is mixed with blood from a normal person and kept at room temperature 
for an hour or longer, the embryos become sluggish and surrounded by adherent 
leucocytes,^ 

Filarial elephantiasis. — The anatomical situation of elephantiasis 
depends upon the distribution of the afferent ‘lymphatic vessels. It must 
not be thought, however, that lymphatic elephantiasis is solely the product 

* Tlhe “ Thom ” tost is appHoublo to filariusw - i.c.^ If tlio coHiaopUiUa in Uic blood n^nuiiiiH ui llie ssune 
figure ^fter injootioii of 25 mgiu. o£ ourtisono or A.U.T.ll. 
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of filarial iiifection. The following classification of elephantiasis has been 
suggested: 

(a) Congenital or familial elephantiasis (Milroy’s or Meige’s disease) ; 
stenosis of main lymphatic trunks. 

(h) Parasitic elephantiasis: Wiwhereria hancrofti, IF. pacifica, W. 
malayi, or Onchocerea volvulus. 

(c) Septic elephantiasis {Elephantiasis nostras — ^lymphatic infection 
by streptococci). 

(d) Toxic elephantiasis due to absorption of irritating toxins, such as 
chrysarobin. 

(e) Obstructive elephantiasis, due to tuberculous glands, carcino- 
matous growths, lymphogranuloma s}^hilis, or yaws, or to surgical 
removal of main lymphatic glands. 

(f) Venous elephantiasis, secondary to venous thrombosis, such as 
phlegmasia alba dolens, or white leg. 

Tesch, Brug and others have shown that elephantiasis is also produced 
by Wuchereria malayi. The difference between the two forms of lymphatic 
obstruction seems to lie in the predilection of this parasite for the legs 
rather than for the genitaha and scrotum as in Wuchereria hancrofti 
infestation. 

In most cases the real origin of the obstruction lies in the fibrotic changes 
induced by the parasite in the lymphatic vessels and glands, leading to 
elephantiasis. Lymph stasis in lymphatic vessels alone does not produce 
elephantiasis ; this has been proved by ligature of the lymphatic trunk, 
which results in oedema, but not in true elephantoid hypertrophy. 

Anderson believed that the adult filariae living in the lymphatic system, 
by the damage they produce in the intima of the vessels, so prepare the 
way that a streptococcal or staphylococcal infection, however mild, is 
able to contain a foothold and that by the changes thus produced the 
lymph-channels become further occluded. 

O'Connor demonstrated that in fidarial lymphangitis focal spots can 
be distinguished from which the inflammatory process commences, and that 
this indicates the site of a dead filaria ; furthermore, that an attack of 
lymphangitis may be cut short by injection of sulpharsphenamine 
(0*2 grm. dissolved in 2 ml. of sterile 1 per cent, novocain). This observer, 
with Golden and Auchincloss, found that in filariated subjects, especially in 
elephantiasis, calcified filarise may be demonstrated by X-rays. The 
shadows range from 1 mm. in width to 2-3 mm. in length. This seems to 
indicate that the infection may be quite extensive. Fifteen shadows, or 
groups of shadows, were detected in one elephantoid leg. 

Thus can be explained the production of elephantiasis by the filaria, and 
the absence from the blood of the embryos of the parasite which started 
the disease, as they cannot pass the occluded glands. Very likely the parent 
worm, or worms, die at an early stage of the disease, killed by subsequent 
lymphangitis, or some other undetermined cause. 

This anomaly is found in other conditions produced by IF. pacifica. In 
Fiji, for instance, the Editor observed that 38’2 per cent, of the eases of elephan- 
tiasis harboured microfilariae, while the microfilaiia-rate in glandular enlargement, 
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also of filarial origin, was 34*6 per cent. On examining all those with 
cHnical manifestations of filarial disease, it was found that 19-7 per cent, thus 
affected had microfilaria3 in the blood, hut that 44*8 per cent, of those with 
numerous microfilariae showed no obvious sign of disease. As in the case of 
ir. mahtijL it is possible that the non-periodic W. ^^acifica in the Pacific produces 
its own peculiar pathological picture. This filaria lives mostly in the lymphatic 
glands and produces phenomena which are connected with these structures. 
It has a special preference for the epitrochlear glands, and is therefore likely 
to produce elephantiasis of the arms. It does not commonly produce either 
ohyluria or lymphuria as does the periodic IF. bancrofU. 

Symptoms, Diagnosis, and Treatment op Filarial Diseases 

Enumeration of filarial diseases. — The diseases known to be 
produced by or associated with W. hancrojti are — abscess ; lymphangitis ; 
arthritis ; synovitis ; abscess of hip-joint ; varicose groin glands ; varicose 
axillary glands ; lymph scrotum ; cutaneous and deep lymphatic varix ; 
orchitis ; funiculitis ,* hydrocele ; chyluria ; elephantiasis of the leg, 
scrotum, vulva, arm, mamma, and other parts : chylous dropsy of the 
tunica vaginalis ; chylous ascites ; chylous diarrhoea, and probably other 
forms of disease depending on obstruction or varicosity of the lymphatics, 
or on the death or injury of the parent filarioe in a lymphatic abscess- 
including fatal peritonitis and secondary infections by pyogenic micro- 
organisms (filarial abdomen). Giknito has drawn at^entiion to the frequency 
of adenitis of the popliit^al space in lilaria-intecicKl children in Queensland. 

Abscess. — Occasionally, as already mentionod, whether in consequence 
of blows or other injuries, of lymphangitis, or of unknown causes, the 
parent filariae die. Generally the dead body is absorbed, just as a piece 
of aseptic catgut would be, or becomes crotified.^ Sometimes the dead 
worm acts as an irritant and causes ahsci^ss, in tho contents of which 
fragments of tho filaria may be found. Such abscesses, occurring in 
the limbs or scrotum, will discharge in due course or may be opened; 
if properly treated surgically, they may lead to no further trouble. Should 
they form in the thorax or abdomen, serious consequences and even 
death may ensue. 

Tho starting-point of these abscesses is, possibly, a small haemorrhage 
produced by the filaria worm which becomes secondarily infected, but 
when no such occurrence takes place the defunct filaria becomes cretified. 
This has to be differentiated from tropical pyomyositis. {See p. 693.) 

Lymphangitis and elephantoid fever. — Lymphangitis is common 
in all forms of filarial disease, particularly in- elephantiasis, varicose 
glands, and lymph scrotum. In the limbs it is usually retrograde the 
characteristic painful cord-like swelling of the lymphalio trunks and 
associated glands, and the red congested streak in the superjacent skin, are 
usually apparent at the commencement of the attack. The attack may 
continue for several days, and be accompanied by severe headache, 
anorexia, often vomiting, and sometimes delirium. After a time tension 
of the inflamed integuments may relieve itself by lyiuphous discharge from 

1 wise and Minett found filaria?, living or crctillea, in tho following situations : pelvis of kidney (31 
times), epididymis (18 times), retroperitonomn (12 tinios), ilio-psoas rnuselo (-1 times), Glisson’s capsule 
(twice), inguinal glands (26 times), lymphatic vessels (8 times). Similar observations were made by the 
Editor in Fiji. 



FILARIAL DISEASES 


753 


the surface.^ Usually, the attack ends in profuse general diaphoresis. 
Lymphangitis may be confined to groin glands, testis, spermatic cord 
(endeimc fimiculitis) or abdominal lymphatics. 'When it affects an 
extensive abdominal varix, symptoms of peritonitis rapidly develop, and 
may prove fatal. The evidence at present available is that lymphangitis 
represents an allergic response to the presence of adult worms. Winckel 
and others discount microfilariae as being involved. 

In the Pacific islands a form of filarial fever is commonly met in heavily- 
infected districts, unassociated with lymphangitis ; this probably represents 
inflammation of the deep-seated lumbar lymphatics or glands. It has 
been pointed out by Winckel and Pros (1952) that hetrazan treatment 
often provokes such an attack. 

Diagnosis . — This fever, usually termed “ elephantoid fever,'’ occurs at 
varying intervals of weeks and months, or years, in nearly all forms of 
elephantoid disease. Its tendency to recur, the severe rigor, and the 
terminal diaphoresis, caused it to be mistaken for malaria. Iia Barbados, 
where there was until recently no malaria, it is habitually called “ ague.” 
In Samoa it is known as “ mumu fever ” ; in Fiji as ‘ "wanganga.” In 
India, Rao and Sukhatne believed that there exists a periodicity in the 
incidence of lymphangitis, which is greatest during the monsoon period, 
July to September, when humidity is high. Gilento has described a form 
of filarial fever with abdominal implications which is ascribed to lymphan- 
gitis of the broad hgament in women. The ligament is thickened and 
pulpy to palpation. This causes a dragging pain in the corresponding 
loin and brings about pain in the menstrual period. Diagnosis from 
chronic salphmgitis is difficult. In Queensland filariasis the popliteal 
gland is frequently enlarged. 

Treatment . — Treatment should consist in removing any cause of irrita- 
tion, in rest, elevation of the affected part, cooling lotions, mild aperients, 
opium or morphia to relieve pain, and, if tension is great, pricking or 
scarifying the swollen area under suitable aseptic conditions. Sub- 
sequently the parts, if their position permits, should be elevated and firmly 
bandaged. 

Sulphonamides have been used. Sulphathiazole and sulphadiazine and 
other sulphonamides have been given with apparent success, especially 
when combined with penicillin. Anfisan, and other anti-histamine drugs 
are indicated. 

Varicose groin-glands (Fig. 166). — Varicose groin-glands are fre- 
quently associated with lymph scrotum, with chylous dropsy of the 
tunica vaginahs, or with chyluria. Occasionally all four conditions 
may co-exist in the same individual. 

As a rule, the patient is not aware of the existence of varicose glands 
until they have attained considerable dimensions. Then, a sense of 
tension, or an attack of lymphangitis, calls attention to the state of the 
groins, where certain soft swellings are discovered. These swellings may 
be of insignificant dimensions or they may attain the size of a fist. They 
may involve both, or only one groin ; they may affect the inguinal glands, 
or the femoral glands alone, or (more usually) both sets together. 
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Remnants of inicrofilai’ia^ have been doinoiistrattHl Aviihin giaiit cells in 
these enlarged glands. 

Diagnosis . — It is important to he able to diagnose these tumours from 
hernia, for which they are often mistaken. This can be done by observing 
that they are not tympanitic on percussion ; that, though pressure causes 
them to diminish, they do so slowly ; that there is no sudden dispersion 
on taxis, accompanied by gurgling, as in hernia ; that they convey a 
relatively slight or no impulse on coughing ; that they slowly subside 
when the patient lies down, and slowly return, even if pressure lie applied 

over tlie saphenous or inguinal 
openings, on the erect posture being 
resumed. The cautious use of the 
liypodenuic needle will confirm 
diagnosis, which may reveal micro- 
lilarim, or actually filarial eggs, and 
the diagnosisis further strengthened 
by the co-existence of lymph 
scrotum, chyluria, or chylous 
hydrocc-do, and microfilarim in the 
blood. Chronic swellings about the 
groin, cord, testis and scrotum in 
'patients from the tro'pics should 
always he regarded as 'possibly of 
filarial origin. 

Tfcatnient . — Unless they give rise 
to an incapacitating amount of 
discomfort, and are the seat of 
freejnent attacks of lymphangitis, 
varie.oso groin-glands are best left 
alone. Excision is not always 
satisfactory, as it may be followed 
by lymphorrhagia at the seat of the 
wound, by excessive dilatation of 
some other part of the implicated 
lymphatic area, by chyluria, or by 
(dt‘phantiasis of ono or both legs. 
Similar varicose dilatation of the 
axillary glands is sometimes, tliough much more rarely, found. Bancroft 
designated varicose axillary and groin glands “ helmiuthoma elastica.” 

Cutaneous and deeper ymphatic varices. — Occasionally cutaneous 
lymphatic varices are seen on the surface of the abdomen, on the legs, 
arms, and probably elsewhere. Filarial lymphangioctasis of the spermatic 
cord is not uncommon. The contents may bo milky and chylous, or 
straw-coloured and lymphous, according to situation and connections. 

Thickened lymphatic trunks.— After the initial swelling and 
inflammation of lymphangitis have subsided, a line of induration remains. 
On excising this thickened tissue and carefully dissecting it, minute 
cyst-like dilatations of the lymphatic involved were found by Maitland, 
Daniels, and the Editor, and in these cysts adult filarim, sometimes dead. 



Fig. 166.— Bilateral varicose groin glands 
with lymph stasis and slight elephan- 
tiasis of right leg. {Dr. F. W. O'Connor, 
Porto Rico.) 
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Filarial glandular enlargement.— In the Pacific islands great 
enlargement of the lymphatic glands with fibrotic changes is by far the 
most frequent symptom of filarial disease. The epitrochlear gland, for 
instance, is often affected — in Fiji in 22 per cent, of the population. 

The groin-glands are often very much enlarged, sometimes to 2 or 3 in. 
in diameter, and may form permanent tumours in the groin. On section 
they have the appearance of an unripe pear, the central portion being 



Fig. 167.— Pendunculated groin-glands in a Fijian with double 
varicose hydrocele. 

These irlauds, containing adult (J and 9 filarue, were removed at 
operation. No microfilarise were found in the blood. There were 
also masses of enlarged glands in the r^ht groin. 


fibrotic, the peripheral glandular. The deep-seated glands — ^iliac, lumbar, 
mesenteric, and mediastinal — paay also be enlarged. On dissection, live 
filariae or their calcified remains may be demonstrated. (Fig. 167.) Behm 
and Hayman (1946) have described the microscopical pathology of these 
glands. The predominating cell is known as the “ littoral cell ” in the 
lymphatics and sinuses. There is also precipitation of acidophilic material 
about the filaria worm with necrosis, exudation of eosinophils, plasma 

25 
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cells, lymphocytes, proliferation of macrophages and reticular fibres. 
Microfiiarite, when present, are also surrounded by an eosinophilic pre- 
cipitate. 

Usually it is inadvisable to remove these glands, seeing 
that, as with varicose groin-glands, incurable lymphocele might result. 

Lymph scrotum (Fig. 168).— In this disease the scrotum is more or 
less enlarged. Though usually silky to the touch, on inspection the skin 
presents a few or a large number of smaller or larger lymphatic varices 
which, when pricked, or when they rupture spontaneously, discharge large 
quantities of milky or sanguineous-looking or straw-coloured, rapidly- 
coagulating,, lymph or chyle. In some cases 8 or 10 oz. of this substance 
will escape from a puncture in the course of an hour or so ; it may go on 
running for many hours on end, soiling the clothes and exhausting the 

patient. Usually, microfilariae 
can be discovered in the lymph 
so obtained, as well as in the 
blood. In a large proportion 
of cases of lymph scrotum the 
inguinal and femoral glands 
either on one or on both sides, 
arc varicose. 

Treaimsnt . — Unless inflamma- 
tion is frequent, or there is fre- 
quent and debilitating lymphor- 
rliagia, or unless the disease tends 
to pass into true elephantiasis, 
lymph scrotum — ^kept scrupu- 
lously clean, powdered with bora- 
cio acid, suspended, and protected 
— had bettor bo left alone. Should 
it, however, be deemed expedient 
to remove tho diseased tissues, 
this can bo easily done. The 
scrotum should be well dragged 
down by an assistant while the 
testes arc pushed up out of the 
way of injury. A finger knife 
is then jiassed through the scro- 
tum, and in sound tissues, just 
clear of the testes, the mass is 
excised by cutting backwards and 
forwards. No diseased tissues and 
hardly any flap should be left. 
Sufficient covering for the testes 
can be obtained by dragging on 
and, if necessary, dissecting up the skin of the thighs, which readily yields and 
affords ample covering. It is a very common but a very great mistake to 
remove too little. As a rule, the wound, if carefully stitched and dressed 
antiseptically, heals rapidly. 
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In consequence of this violent interference with a large varix, of which that 
in the scrotum is but a part, chyluria or elephantiasis of a leg may supervene. 
The patient should be warned of this possibihty. 

Chyluria. — When a varix ruptures in the wall of the bladder, or else- 
where in the urinary tract, in the thoracic duct or in the lymphatics of 
the urinary system, there is an escape of the contents of the lymphatics 
into the urine. Chyluria is the result. If, as often happens, the urine 
contains blood, the condition is known as haematochyluria. 

A curious fact about this form of filarial disease is that in the Pacific 
islands it is very rare, though quite common in India, China, and North 
Africa. It frequently appears without warning; usually, however, pain 
in the back and aching sensations about the pelvis and groins — probably 
caused by great distension of the pre-existing lymphatic varix — precede it. 
Retention of urine, from the presence of chylous or lymphous coagula, is 
sometimes the first indication of serious trouble. T\^ether preceded by 
aching, or by retention, or by other symptoms, the patient becomes 
suddenly aware that he is passing milky urine. Sometimes, instead of 
being white, the urine is pinkish, or even red; sometimes, white in the 
morning, it is reddish in the evening, or vice versa. Sometimes, while 
chylous at one part of the day, it is perfectly limpid at another. Great 
variety in this respect exists in different cases, and even in the same case 
from time to time, depending on temporary closure of the rupture in the 
lymphatic, and also on the nature of the food^. Chyluria is very likely 
to occur, either for the first time, or as a relapse, in pregnancy or after 
childbirth. 

Physical characters of chylous urine . — If chylous urine be passed into a urine - 
glass and allowed to stand, within a very short time, as a rule, the whole of 
the urine becomes coagulated. Gradually, the coagulum contracts until, at 
the end of some hours, a small, more or less globular clot, usually bright red 
or pinkish, is floating about in a milky fluid, the appearance of which is entirely 
due to suspended fat particles. Later, the fluid separates into three layers. 
On the top there is a cream-like pellicle ; at the bottom, a scanty reddish sedi- 
ment, sometimes including minute red clots; in the centre the mass of the 
urine forms a thick, intermediate stratum, mUky white or reddish white, in which 
floats the contracted coagulum. K a little of the sediment be taken up with a 
pipette and examined with the microscope, it is found to contain red blood- 
corpuscles, lymphocytes, granular fatty matter, epithelium and urinary salts, 
and mixed with these in a large proportion of cases, though not in aU, microfilariae. 
The middle layer contains much granular fatty matter ; while the upper, cream- 
like layer consists of the same fatty material in greater abundance, the granules 
tending to aggregate into larger oil globules. If a little of the coagulum be 
teased out, pressed^ between two slides, and examined with the microscope, 
microfilariae, more or less active, may be found entangled in the meshes of the 
fibrin. According to Yorke and BlacMock, the number of microfilariae in chylous 
urine varies greatly within the twenty-four hours in quite an irregular manner. 
If ether or xylol be shaken up with the milky urine, the fat particles are dissolved 
out and the urine becomes clear ; the fat may be recovered by decanting and 

1 The sanguineous appearance so frequently seen in chylous urine and in other forms of filarial lympbor- 
rhagia possibly depends in some instances on the formation of blood-corpuscles in lymph long retained in 
the varicose vessels, as a result of the normal evolution of the formed elements in that fluid. In other 
instances it is probably caused by rupture of small blood-vessels into the dilated lymphatics ; in these 
cases the microfllariffl appear in the urine passed during the night-time only. 
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evaporating the ether, which floats on the urine. Boiling the urine throws down 
a considerable precipitate of albumin. When the urine contains only lymph, 
fatty elements are absent, or are present in but very small amount. According 
to Young, a twenty-four-hour sample of chylous urine contains l*8-2‘6 per cent, 
of fat. The amount of this substance excreted is generally, though perhaps 
not invariably, dependent on the amount ingested. 

By cystoscopy the Editor has seen in the bladder the chylous vesicles which 
burst when fuUy distended, and Romiti showed by this method, as well as by 
ureteric catheterization, that lymphatic obstruction in a limited portion of the 
urinary system suffices to cause chyluria. 

Although chyluria is not directly dangerous to life, yet if it is prolonged, 
it gives rise to pronounced ansBmia, with depression of spirits and feelings 
of weakness and debility, and tends to incapacitate the patient for active, 
vigorous life. 

Lymphuria , — It would be more correct to describe a certain proportion 
of filarial cases passing cloudy urine as “ filarial lymphuria,” as Low 
and Wise suggested. In these cases the abnormal element is lymph, and 
there is no trace of fat. Albumin is found in considerable quantity, and 
blood may be present as well. The chief cellular constituent is the 
lymphocyte. Low, who was able to investigate one of these cases shortly 
after death, found the lymphatic obstruction located in the kidney 
lymphatics, wlxich was due to calcification of dead filarise. 

TreatmmL — The treatment of chyluria should be conducted on the 
same lines as that of inaccessible varix elsewhere ; that is to say, by 
resting and elevating the affected part, and thereby diminishing as far as 
possible the hydrostatic pressure in the distended vessels. 

The best results are obtained by putting the patient to bed on an 
inclined plane with feet elevated, by restricting the amount of food and 
fluid, and by gentle purgation and absolute rest. Washing out the 
bladder with some bland substance, such as boric acid, appears to be the 
best form of treatment ; if there is an admixture of blood, styptics may 
be added, as follows : 

R Liq. adrenal. (1 in 1000) . . gi (28-42 ml.) 

Zinc, sulph gr.v (0*324 grm.) 

Lot. acid, bor. ad . , . gx (284-17 ml.) 

To be used with an equal quantity of hot water. 

Paez writes of the treatment by hetrazan and finds that the microfilaria 
disappear from the blood and urine. Hetrazan is given in doses of 1 mgm. 
per kg. three times daily for seven days. After an interval a second course 
is taken of 150 mgm. daily for twelve days for a total of 1 *75 grm. 

Golden and O’Connor found improvement after X-ray treatment to the 
kidney region in seven cases. 

Chylous dropsy of the tunica vaginalis, and of the peritoneum; 
chylous diarrhoea. — Chylous dropsy of the tunica vaginalis is not 
unusual in the tropics. A fluctuating swelling which does not transmit 
light, and which is associated possibly with lymph scrotum, with varicose 
groin-glands, with chyluria, or with microfilariae in the blood, would 
suggest this condition. 
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Treatment , — These chyloceles may be treated as ordinary hydroceles, 
either by aseptic incision or by injection. As a rule, the chylous fluid 
rapidly coagulates when withdrawn, but occasionally it does not, or it 
may be prevented by drawing the fluid off into a solution of potassium 
citrate. 

If a minute portion of absorbent cotton is dipped into the receptacle, 
it will slowly fall to the bottom of the fluid. If the cotton is now picked 
up and placed under a low-power microscope, it will be found that every 
fibre is beset with multitudes of wriggling microfilarisB entangled by their 
sheaths, the preparation suggesting the snake-beset Gorgon head. 

Filarial orchitis with effusion into the tunica vaginalis, according to 
Maitland, is best treated by incision of the tunica vaginalis, turning out any 
clot that may be found in the sac, and stuffing the latter with iodoform gauze. 

Chylous dropsy of the peritoneum and chylous diarrhoea of filarial 
origin are very rare. 

Filarial orchitis, endemic funiculitis, and hydrocele. — The 

fever attending filarial orchitis — ^which is usually associated with lymph- 
angitis of the spermatic cord — has been described as “ endemic funicu- 
litis,” but it is undoubtedly of filarial origin. It may be attended with 
inflammation of the scrotum, and, like ordinary elephantoid fever, resemble 
very closely a malarial attack. In these cases the Editor originally demon- 
strated large numbers of microfilarise in the tunica vaginalis at the com- 
mencement of each attack. The aspirated fluid is cloudy, contains a 
number of polymorphonuclear cells, and occasionally erythrocytes, with 
microfilariae. The epididymis is enlarged and nodular. In sections, dead 
and calcified filariae blocking the vasa efferentia cause extensive fibrotic 
changes, and it is possible that sterility may be a direct result of this 
infestation. 

The primary lesion is a sterile inflammatory reaction about a dead worm in 
a lymphatic vessel. With the vessel occluded, an obliterative lymphangitis 
results, which in turn causes dilatation, hypertrophy and varicosity with peri- 
pheral lymph stasis. The lymphatics of the testis are specially vulnerable to 
such lesions as they are long, without collaterals, and drain against gravity. 
Lymph stasis in the testicle is shown by definite clinical signs in the cord, 
epididymis and testis. 

Recurrent attacks of filarial orchitis lead sooner or later to hydrocele. 
This condition very commonly accompanies elephantiasis of the scrotum, 
especially among Polynesians. The walls of the sac are thickened and 
contain calcified remains of adult filaria ; the hydrocele fluid is clear, 
straw-coloured, and usually contains microfilaria, though it does not seem 
to be a medium particularly favourable to them. Filarial infiltrations of 
the cords vary in size, form, aijfd number. There may be one single nodule 
as small as a pea, or a number may be strung to thickened lymphatic 
vessels. Sometimes lymphatic obstruction affects the vessels so as to 
cause lymphangiectasis and lymphatic varicoceles ; it may, however, cause 
cystic dilatation, or “ lymphocele.” The spermatic veins are often the 
seat of chronic thrombo-phlebitis. 
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Treatment,— The living membranes of the sac can be obliterated by 
injection or open operation. Injection treatment is suitable for the 
small, flaccid, thin-walled sacs, but operation is better for the others. 

These conditions can best be treated by surgical means, though Earle 
claims that sulphapyridine in doses of 4 grm. daily cuts short attacks 
of orchitis and funiculitis. 

Differential diagnosis has to be made from encysted hydrocele, lipoma, 
spermatocele, vaginal hydrocele, syphilitic orchitis, gonorrhoeal epididy- 
mitis, strangulated hernia, and suppuration of the spermatic cord. 
Non-filarial epidemic funiculitis has been described by Power (1946) in 
British troops in Ceylon. This is localized induration of the spermatic 
cord which is due to a thrombosis in the veins. Specimens removed show 
a twisted mass of veins representing the whole pampiniform plexus, 
sometimes the thrombi break down into pus containing streptococci. It 
is accompanied by redness and oedoma of the skin, fulhiess of the cord 
and sometimes by a small hydrocole. At first there is pain in the groin 
shifting to the testes with redness of the scrotal skin. 

S&pticcemia, Septicaemia duo to Streptocooans h/smolyticus is not in- 
frequent in subjoci.s infected with TF. bancrofii. The parent worm in the 
lymphatic system damages the lining of the vessels, and thus prepares the 
ground for pyogenic organisms which invade the lymph-stream. In 
damaged lymphai.ic tissue siirepi.ococci And a favourable medium, enter 
the blood-stre>am, and septicaemia ensues. 

Filarial synovitis. — Acute synovitis of the knee-joint is one of the 
filarial diseases, and its concurrence with filarial invasion is too conamon 
to be accidental ; fibrotic ankylosis often results. Where the hip-joint is 
affected, removal of the inflamed iliac glands draining the area sometimes 
relieves the condition. 

In severe cases synovitis may proceed to pus-formation, often with a 
fatal result. Surgical intervention is therefore indicated. 

ETjEPHANTIABIS 

In certain districts in Cochin about 5 per cent, of the population, in 
Samoa and Tahiti about every second individual, and in Huahine seven- 
tenths of the adult male population, are affected by this disease. In the 
Ellice Islands, oixt of a total population of 8,484, 90 per cent, are affected. 
In many other tropical and subtropical coxmtries elephantiasis, if not so 
common as in those mentioned, is, nevertheless, very prevalent. 

The pathology of the disease is considered on p. 748. 

Parts ajffected. — In 95 per cent, of the cases the lower extremities— 
either one or both— alone, or in combination with the scrotum or arms, 
are the seat of the disease. The foot and ankle only, or the foot and leg, 
or the foot, leg, and thigh may each or all be involved. The arms are 
more rarely attacked, though in W. Pacific this is comparatively common; 
out of 47 oases the arms alone were affected in 10, arms and legs in 6 cases. 
Still more rarely involved are the mammae, vulva and circumscribed por- 
tions of the integuments of the limbs or trunk. 
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In any of these situations, the disease commences with a rapidly evolved 
lymphan^tis, dermatitis and cellulitis, accompanied by elephantoid 
fever. O’Connor demonstrated that the attacks arise from painful areas 
known as “ focal spots,” and in a large proportion of cases it has been 
possible to demonstrate dead and calcifying filariae by X-ray examination. 

The lymphatic glands draining the affected area are generally enlarged. 

There is no distinct line of demarcation between healthy and diseased 
skin. The imphcated integuments are hard, dense, pit but slightly, if 
at all, on pressure, and cannot be pinched up or freely glided over the 
deeper parts. 

On cutting into the swelling, the derma is found to be dense, fibrous 
and enormously hypertrophied. The subjacent connective tissue is 
increased in bulk, having, especially in the scrotum, a yellowish, blubbery 
appearance from lymphous infiltration. A large quantity of fluid w^ells 
out on division of such tissues. 

Elephantiasis of the legs. (Fig. 169).— Elephantiasis of the lower 
extremities is usually, though by no means always, confined to below 
the knee. The swelling may 
attain enormous dimensions and 
involve the entire extremity, the 
leg or legs attaining a circum- 
ference, in aggravated cases, of 
several feet. 

Treatment. — Golden and 
O’Connor (1934) reported on irradi- 
ation by X-rays of l 3 ?Tnphangitis 
and adenitis. At first, merely focal 
spots were so treated, but later the 
entire leg. Out of fifteen cases four 
had no further attacks. The patient 
should be encouraged to persevere 
with elastic bandaging, massage, 
and elevation of the limb. Swellings 
in the early stages may to some 
extent be controlled by elastic 
bandages or stockings. The latter, 
which should be made to fit the 
legs accurately, should be of some 
porous elastic and washable 
material, such as stockinette. Such 
a stocldng (Fig. 170a) should 
embrace the dorsum of the foot Fig. 169.— Elephantiasis of legs ; scrotum 
and should accurately fit the leg and right arm also affected. {Photograph : 
to reach above the knee. Difficulty Turner, Samoa.) 

is generally experienced with the 

upper margin, which extends to the thigh, as it is apt to constrict or nip 
the limb at this point. To obviate the pressure and discomfort of tight- 
fitting stockings, and to accommodate the fluctuations in the size of 
the limb which necessarily take place, these stockings may be made to 
lace up at the sides (Fig. 170b). A spiral elastic stocking, made by Down 
Bros, on Dickson Wright’s model, wlflch can be accurately fitted to the 
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leg and which is comfortable, airy and effective, can be recommended. 
The technique varies according to whether the leg is cylindrical, 
oedematous or lobulated. In the oedematous form bandaging methods 
should be employed. Knott is an advocate of prolonged and firm 
bandaging, which effects a gradual removal of the lymphoedema, during which 
time the patient obtains symptomatic relief and avoids further recurrent attacks 
of lymphangitis ; the bandages should not bo removed when an attack of lymph- 
angitis is imminent, but the foot of the bed should be elevated. A “ bandage 
boot ” is used, consisting of a 6-inch bandage of heavy Turkish towelling, which 
covers the limb from behind the heads of the metatarsals to the heads of the 
tibia and fibula, cemented to a covering crepe bandage by dextrin-syrup applied 
along the tibia, the whole being supported by narrow lateral strips. 



Fig. I70.—A, Plain web-elastic stocking, with foot-piece, for slight 
degrees of elephantiasis of leg. B, Laced form of elastic stocking, 
with suspenders, adjustable so as to avoid pinching. {A, James 
Woolley <5s Sons, Manchester ; J5, Hospitals <fe General Contract Co.) 

Operative measures . — Sometimes in advanced cases good results follow excision 
of redundant masses of skin. A curved incision should be made from the head 
of the tibia to the ankle joint ; two further incisions at upper and lower ends 
make a Y shaped cut. The skin is separated on both sides laterally as far as 
possible. The elephantoid tissues thus exposed are now incised along the whole 
margin as far as the periosteum and a similar incision is made parallel to this 
down to the muscle fascia. This separation is repeated in ring-like strips down 
the leg until none of the proliferated tissue remains except part of it behind 
the calf. 

Junge's methods are as follows : — To restore the flow of lymph, about twenty- 
five windows are cut in the muscle fasoise over the whole of the leg, each bigger 
than a postage stamp, but none is cut over the tibia. Into each of these windows 
a double silk thread is inserted by passing the needle deep through the muscle. 
The hanging ends are arranged like can<Se-wicks to suck out lymph over the 
widest possible area of the leg. The skin flaps are then replaced. 

Various other operative measures have been proposed, though none is entirely 
satisfactory. Lanzas operation aims at deep lymphatic drainage. A longitudinal 
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incision is made through the fascia lata down to the femur, the periosteum 
of which is stripped and the bone trephined in several places ; strips of fascia 
are then inserted into the openings thus made. 

KondoUon's operation consists also in free incision of the fascia lata and 
removal of large sections of the aponeurosis, which assists in the anastomosis 
of lymph channels and veins. 

AucUndoss'' s operation is intended to lighten elephantoid legs, and also to 
remove those tender focal spots whence the inflammatory lesions of fldarial 
fever arise and to excise calcified worms. It consists of two incisions marking 
out a vertical strip of skin. Prom its ends V-shaped incisions are made diverging 
upwards at the upper end and downwards at the lower. An almost dangerously 
wide amount of skin is undermined, with considerable care, just deep to the 
corium. 

Medical treatment. — Bowesman has advocated a method of treatment of filaria 
elephantiasis by intra-arterial injection of glycerine. This depends upon the 
inherent attraction of glycerine for water so that, when placed in contact with 
Uving tissues, it causes a movement of the fluid from the tissue spaces towards 
the vessels or the region in which the glycerine is placed. Injections of 10 per 
cent, sterile glycerine in water are given at intervals not less than one week apart, 
into the femoral artery, the optimum dose being 2-3 
ml. of a 10 per cent, solution. In making the 
injection the needle is introduced into the artery 
and then the syringe containing the solution is 
attached. No pain or discomfort is noticed if the 
injection is made slowly. The effect of intravenous 
medication is not so marked as intra-arterial. The i 
decrease in size of the limb appears to be fairly 
permanent. 

Elephantiasis of the scrotum.— Elephan- 
tiasis of the scrotum or “ scrotal tumour ” as it 
is sometimes called, may attain an enormous 
size : 10, 15, 20 lb. are common weights for 
these tumours, and 40 or 50 lb. is by no means 
uncommon. The largest recorded was 224 lb. 

Anatomical characters. — These tumours consist 
of two portions (Pig. 171) : first, a dense rind of 
hypertrophied skin with wart-like thickenings (A, e), 
thickest towards the lower part and gradually Fig. 171.— Diagram of 
thinning out as it merges above into the sound skin anatomy of elephan- 

of the pubes, perineum and thighs; secondly, tiwisof scrotum. (^For 

enclosed in this rind, a mass of lax, blubbery, references, see .) 
dropsical, areolar tissue in which testes, cords and 
penis are embedded. The shape of the tumour is 

more or less pjnriform. The upper part, or neck, on transverse section (B) is 
triangular, the base (B, Jc) of the triangle being in front, the apex (B, j)— usually 
somewhat bifid from dragging on the gluteal folds — ^towards the anus, the sides 
(B, h) towards the thighs. In the latter situation the skin, though usually more 
or less diseased, is, from pressure, softer and thinner than elsewhere, tempting 
the surgeon to utilize it for the formation of flaps — ^not always a wise proceeding. 
The penis (A, a, B, /) always lies in the upper and fore part of the neck of the 
mass; it is fibrmly attached to the pubes by the suspensory ligament. The 
sheath of the penis is sometimes especially hypertrophied, in some cases standing 
out as a sort of twisted ram’s-hom-like projection on the anterior surface of the 
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tumour; tliis, however, is unusual. Generally the sheath of the penis is incor- 
porated in the scrotal mass, the prepuce being dragged on and inverted so as to 
form a long channel leading to the glans penis and opening (A, 1) half-way down, 
or even lov er, on the face of the tumour. The testes (A, c), buried in the central 

blubbery tissue, usually lie towards the back of the tumour, one on each side in 

large tumours generally nearer the lower than the upper part. They are more or 
less firmly attached to the underpart of the scrotum by the hypertrophied remains 
of the gubernaculum testis (A, d ) — a feature to be specially borne in mind by the 
surgeon. As a rule, both testes carry large hydroceles with thickened tunicee 
vaginales. The spermatic cords also (A, b\ B, g) are thickened and greatly 
elongated. In spite of the grave alterations in the tissues the functions of the 
testes remain unimpaired. 

The arteries which supply these enormous growths are of considerable size ; 
the veins, too, are very large and, as they permit regurgitation of blood from 
the trunk, are apt to bleed freely. 

Treatment before operation , — If the tumour is of considerable size the patient 
should keep his bed for at least a week before operation, the mass being suspended 
so as to drain it of fluid and blood. It is thus rendered lax, and the operator 
can ascertain by palpation the position of the testes and of any hernia — a not 
very unusual complication. The possibility of undescended testes should not 
be overlooked. The choice of anaesthetic is important : it should be spinal 
when possible, reinforced with gas and oxygen. The patient should not be 
kept long in bed before the operation, for when the mass is supported, the fluid 
drains upwards and invades the tissues to be used for flaps, and the palpable 
edge of the elephantoid skin is obscured. 

Operation ,— patient should be placed in the lithotomy position. The 
scrotum should be drawn down as far as possible and elastic wobbing applied 
over the mass so as to expel the blood ; a stout rubber cord is wound round the 
neck of the tumour, over the pelvis, and firmly secured. A vertical incision 
is made, commencing in the middle of the symphysis pubis and extending as 
far as the aperture leading to the penis. The penis is exposed, separated and 
the penal artery ligatured. It should be borne in mind that the prepuce and 
skin of the sheath of the penis have been pulled down over the glans, and form 
a skin-lined tube from the glands to an opening on the front of the tumour, and, 
while the skin of the prepuce and the sheath and even the frsenum may be 
elephantoid, the skin of the glans is normal. At this point, a sound is passed, 
and left in to prevent subsequent injury to the urethra. The vertical incision 
is now continued round the scrotum right round to the back of the perineum, 
and the scrotum is thus divided into two halves. The testicles and cords are 
now separated from the blubbery mass, the hypertrophied gubemacula being 
divided, surrounded with gauze and placed on one side. At the base of each 
half of the scrotum clamps are fixed, care being taken that these clamps are 
well to the proximal side of all diseased tissue. Each half of the scrotum is 
then cut away, distal to the clamps, and through healthy tissue. Every visible 
blood-vessel is secured and tied and the clamps very gradually loosened. The 
skin in the upper and inner aspects of the thigh is undermined as much as 
necessary and brought together over the testicles. Thiersch skin-grafts may 
be applied to the penis, and give good cosmetic and functional residts, and, if 
done at the time of the operation, will take in 100 per cent, of cases. It is a 
good procedure to tie in a catheter until healing has taken place. 

Complications which may ensue are severe haemorrhage, and injury to spermatic 
cords, urethra or rectum. Postoperative retention of urine is often very trouble- 
some. Stricture of the urethra and the supervention of elephantiasis of a 
previously unaffected leg have also been recorded. 
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The mortality from these formidable-looking operations, if they are carefully 
done, is small, and need not exceed 5 per cent. 

Knott insisted that the most important factor is the position of the patient 
on the operating table. If the patient is placed on a horizontal table with his 
legs over the sides supported by chairs, the mass can be rolled to the opposite 
side, and this does away with the need for a rubber tourniijuet. 

Early cases of elephantiasis of the scrotum, still subject to attacks of fever 
with lymphangitis and ceHuKtis which involves the skin of the penis and scrotum. 



Fig. 172. — Elephantiasis of right arm and hand in a Fijian. 


require to be handled in a different manner. In these cases enough skin should 
be saved to cover the testes, and the more skin taken, the less likelihood there 
is of a recurrence. Modem surgeons are concerned with restoration of the 
penis. Some take skin from the mons veneris to cover it, others from the sides 
of the scrotum, but this is often diseased. The scrotal suture should be as far 
as possible from the anus. The suture takes the form of a double cross, and a 
glass or mbber drain is inserted. 

Elephantiasis of the arms. — This is comparatively rare except m 
the Pacific {W. jpadfica). Allowing for the gravitation differences between 
the upper and lower extremities, the symptoms and pathology of 
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elephantiasis of the arms are the same as those of elephantiasis of the 
legs. B(‘yond the judicious employment of massage and elastic bandaging, 
little can be done in treatment. (Pig. 372.) 

Elephantiasis of the vulva and mammae. — Elephantiasis of the 
vulva and mammae is still rarer. Where growth has become inconveniently 
large, the diseased ifissues should be removed. Instances are on record 
in which the intieguments of the mamime have become so thickened 
heavy, and elongated that the organ has descended to the pubes, and even 
to the knees. One such liuniour weighed 21 lb. after removal. Tumours 
of the labia or of the clitoris, similarly, may attain a great size — 8 or 
30 lb., or even more. 

Elephantiasis of limited skin areas. — Corney stated that pedun- 
culated elephantoid tumours, springing from the groin or from the anterior 
surface of the thigh, were not uncommon in Fiji. One such tumour 
which lie removed weighed 20 lb. Daniels saw, both in Fij and in 
Demerara, several cases of this description. 

Filariasis and elephantiasis due to Wuchereria malayi. — It is 

claimed that the clinical manifesiiations produced by this spc^eh^s differ in 
some respects from tliaii produced by WnGhereriii hmwrofti, a fact that 
was recognized by Poynl.oii and Hodgkin. W. vuilayi is c'ndemic in 
Malaya, Southern India, S. China and Uoylon, in the low-lying riverine 
areas, where the rivers run into the sea. The micro tilaria-rate in the 
natives living in the vicinity of swamps is 9*8 pen' cent., which is about 
the same as the oh^phaniiasis rate ; as with \V. iHiiuwfti, tlu^ liability to 
infection increases with age. 

Adenitis is the earliest detectable lesion ; inflammation of the groin- 
glands is frequently seen in children. Lymphangitis is also a familiar 
phenomenon and has a detinito periodic characteu'. Elophautiasis due to 
Wncliereria malayi is low-grade, invariably confiiu'd to the legs, and is 
usually unilateral. The surface of the skin is usually smooth. There 
appears to be great variability in the rate at which elephanf.oid lesions 
are produced. In highly infected areas it is seen in comparatively young 
people, especially in males, though it is typically a disease of adult life. 
Microfilarias are, as a rule, found only in 5 per cent, of (iasos. The absence 
of chyluria and the rarity of scrotal swellings iu association with IF. malayi 
has been noted. 

Medicinal treatment of filariasis. Culbertson and Rose, having 
demonstrated that the antiraonials — noostibosan and neostam — injected into 
cotton rats (Sigmodon his^idua) will kill the adult filariso (Litomosoides carinii) 
in the pleural cavities, have applied this knowledge to human filarial infections. 
The first results, obtained in Porto Rico, were rather inconclusive. The patients 
received 9~12 grm. of the drug over a period of 26 to 40 days. In some two 
daily injections were given and in some cases the course was repeated after 
nine months’ interval. Followed up for two years 15 out of 20 became free of 
circulating miorofilarifie. In other cases the antimony treatment appeared to 
have had no effect on the numbers or behaviour of the microfilariae. 

Sodimn tUacetarsamide (arsenamide) — Otto and Maron, 1950; Hawkins, 
1951 — is administered intravenously for 15 daily doses, which appears 
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sufficient to completely eliminate microfilarise in patients suffering from 
the non-periodic type (17. pacifica) (Otto and others, 1953). After injection 
there is an actual increase in the number of microfilarige for it acts on the 
uterus of the adult female causing a sudden discharge of embryos. In 
some of the patients treated with this drug in 2 per cent, solution, in 
doses of 1-0 mgm./kg. for 15 days, microfilarise were absent from the 
peripheral blood after an interval of two years, indicating the probable 
death of the adult worm or worms. 

Hetrazan (or Baiiocide), a piperazine compound, introduced by Welch, 
Peters and colleagues in 1947, is issued in the form of the hydrochloride and 
the citrate. It was first tried out on the filaria of the cotton rat. Santiago- 
Stevenson and others then treated 26 patients with microfilaria bancrofti 
in Porto Rico in tablet by mouth of 0*5-2 mgm. per kg. three times daily 
in a period lasting from three to twenty-two days. It was found that 
within a very short time from administration these small worms dis- 
appeared from the blood stream, but the final results on the adult worms 
could not be ascertained. Hawking, Sewell and Thurston (1950) have 
tested out antifilarial action on Litomosoides carinii of the cotton rat and 
Dirofilaria wunitis of the dog. A marked but irregular reduction in 
numbers took place, but even with doses approaching the maximum 
tolerated all microfilariae did not disappear from the blood. The adult 
worms were httle affected. 

Hawking demonstrated that hetrazan and its metabohc products 
exert no direct action on the microfilariae, but it appears to modify them 
in some way so that they are engulfed by pagocytes of the endothelial 
system and thereby removed from the circulation. In shut off cavities 
such as hydroceles, the microfilariae are not affected. 7\Tien injected 
intravenously microfilariae disappear almost instantaneously. 

Further reports deal with a large series of 74, including 54 males and 20 
females, studied m Porto Rico, as well as in British Guiana, the Virgin 
Islands and the Gambia. In the majority, regardless of dosage, a marked 
reduction in the numbers of microfilariae resulted within the space of 
2-4 days after the first dose. These reductions are sustained throughout 
the period of treatment, but a few recurrences have been observed and 
approximately one-third had negative counts from 3-6 months after 
cessation of treatment. Side reactions included headache, nausea, 
vomiting, and sometimes, skin rashes. In St. Croix, Virgin Islands, 
hetrazan has been made available to every inhabitant. There the 
incidence of W. bancrofti is about 20 per cent, of the population. The 
dosages used for 98 cases were:— 

11 cases once daily for 5 days = 90*6 per cent reduction. 

39 cases thrice daffy for 3 days = 92*4 per cent, reduction. 

19 cases thrice daily for 5 days = 90*8 per cent, reduction. 

29 cases thrice daily for 7 days = 96*9 per cent, reduction. 

This would indicate increasing reduction with increasing dosage and that 
the effect lasts about four weeks. 

Hewitt and colleagues in a second report on mass treatment found that 
thrice daily dosage for seven days gave the best results for the whole 
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population. In groups under control the reduction of microfilariee in 
the blood was about 82 per cent, and it is claimed that hetrazan provides 
the most practicable and convenient method for reducing the reservoir of 
microfilariae. In Georgetown, British Guiana, 216 patients were treated 
with doses from 0-2-2-6 mgm. per kg., the total dose being 13-193 mgm. 
per kg. At the end of treatment 95-8 per cent, of 216 were negative for 
microtilarine; after six months 71 per cent, and after ten 65 per cent. 
Total doses of less than 50 mgm. per kg. were not so effective in removing 
microfilaria as the larger doses, but otherwise there did not seem to be 
relation between dose and effect. In Uganda no significant difference has 
been noted in cases taking less than 60 or more than 100 mgm. per kg., and 
the reduction in the numbers of niicrofilarise in the capillary blood is 90 
per cent, or over. To avoid any imtating effect on the stomach the drug 
is given as the powdered citrate which is soluble and pleasant to take. 
The accepted doses for W. bancrofti now is 6 mgm. per kg. (or 38 mgm. per 
atone of 14 lbs.) daily in divided doses of three after meals. Thus a patimt 
weighing 12 st. should receive a total of 450 mgm. daily, in three doses 
of 150 mgni. each for 2-3 weeks in mild, and 3-4 weeks in acute cases. 

The toxic effects are not serious but consist of anore.xia, nausea, drowsi- 
ness, headache, and vomiting. Allergic reactions have been reported, 
especially in the Pacific form. When doses of 12 mgm. hetrazan citrate 
per kg. of the drug, given every 12 houra, tho level of hetrazan base in the 
blood is about 3 grm. per ml. The excretion in the urine is at the rate 
of 15 mgm. base per hour. 

The treatment of W. viahyi with hetrazan is the same as for W. banarofti 
but the resulting allergic reactions are said to be more severe (Hawkins 
1950). 

Prophylaxis of filarial disease. — The prevention of filarial disease 
resolves itself into anti-mosquito measures and protection from mosquito- 
bite. Unprotected wells, tanks, cesspits or stagnant, pools must not be 
permitted in the neighbourhood of dwelling-houses. All vessels used for 
storing water should be emptied at least once a week. The mosquito-net is 
indispensible in filarial as well as in malarial countries. In the Pacific 
Islands, especially in the Gilbert and Ellice group, considerable reduction 
of filarial incidence has taken place following O’Connor’s recommendation 
to cut down the thick undergrowth, thus giving passage to the Trade 
Winds which blow away the mosquitoes {Aedes sauteUaris polymsiensis). 
Bmming empty coconut shells and filling up holes and cavities in the trunks 
of the coconut trees has been beneficial, as it destroys breeding places. 

Active measures are now being undertaken in Tahiti and Fiji and other 
Pacific islands to combat filariasis, by spraying with DDT, bush clearing 
and prophylactic administration of hetrazan. The training of special 
anti-filarial teams, as in Fiji under D. W. Amos, is a practical method of 
great importance. In the island of St. Croix, West Indies, the U.S. Public 
Health Service introduced residual insecticide methods against Culex 
fatigam and Aedes cegypti. The best method was found to be DDT- 
Xylene-Triton emulsion (35 per cent. DDT-Xylene concentrate with 
Triton X-100 diluted vyith water to form a 5 per cent, spray). In all 
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11,078 houses were spra 3 ^ed each on four occasions. The result was a 
50 per cent, reduction of C. faiigans whilst A. cegypti seemed to have 
disappeared (Kohler, Brown, and Williams) . 

Mass treatment wdth hetrazan is now being instituted in the Virgin 
Islands, Tahiti and elsewhere with the idea of banishing microfilarias from 
the peripheral blood, thus breaking the chain and rendering mosquito 
transmission impossible. The most detailed campaign so far conducted 
is b 3 " McGrregor, Haw^king and Dean Smith (1952) in the Gambia. 
Hetrazan citrate was given in 25 mgm. per kg. for five da\^s. Of 154 
infected persons 64 per cent, had their blood free from microfilarias for 
10 months, and in the remainder the parasitasmia was substantialh" 
reduced. These doses w’ere not well tolerated. Be^^e, Kessel and 
colleagues (1953), in mass treatment in Tahiti, also succeeded in reducing 
the microfilarial density after two hetrazan courses of -seven daj^s each, 
but after two years the effect was not so striking, though the “ larval 
index ” in Aedes scutellaris mosquitoes was reduced to one tenth. 

In W. hancrofti filariasis, in which the periodicity is nocturnal, and 
where night-biting mosquitoes, such as Culex fatigans and Anopheles, are 
concerned in transmission, the disease should be treated as a house- 
infection by sanitary measures and DDT spra 3 "s which in this respect 
have been eminent^ successful. 

Iyengar (1937) conducted a successful campaign against the inter- 
mediary mosquito of Wuchereria malayi — Mansonioides annulijera, and 
the water lettuce Pistia stmtiotes, to 'which the larvae become attached, and 
succeeded in clearing this plant from North Travancore, with the con- 
sequent elimination of filariasis from that area. The species of Mayi- 
sonioides which act as vectors in Malaya flourish in association with the 
roots of swamp trees. The methods adopted in Travancore, therefore, 
cannot be applied to Malaya. {See pp. 994-995.) 

The subjects of filariasis should be regarded as dangers to themselves 
and to the community, and be compelled to sleep under mosquito-nets. 


II. FILAEIASIS DUE TO LOA LOA (LOAIASIS) 

History and geographical distribution —The embryonic form 
(microfilaria diurna), which closely resembles microfilaria hancrofti, was 
described by Manson in 1891 ; the patient from whom the specimen of 
blood was derived had formerly had an adult Loa loa in his eye. Later, 
association was established between L. loa and the disease known as 
Calabar swellings, and also between that disease and microfilaria diuma. 

Loa loa is widely distributed in West Africa from 8° N. to 5° S. of the 
equator from the Gulf of Guinea eastwards to the Great Lakes.^ It is 
especially common in the Cameroons and on the Ogowe Eiver; its dis- 
tribution is, however, mainly confined to the coastal plains, and follows the 
course of the Congo and its tributaries to a point about 1,500 miles from 
its mouth (Map YIII). This parasite is also found in the Southern Sudan 
between the Bahr el Ghazal and the Belgian Congo between latitudes 
4° and 6° N. and longitudes 27° and 31° E. 
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etiology. — A description of the adult Loa loa is given in the Appendix, 
p. 996. Here it suffices to say that it is 30 min. or more in length, the female 
being, as a rule, considerably longer than her 
partner (Fig. 172). The cuticle is embossed with 
numerous characteristic protuberances. 

Structure of the embryonic form. — ^Microfilaria 
loa (= diurna) is very similar in size (298 jx by 
7*5 p.) and structure to microfilaria bancrofti. 
Like the latter, it is enclosed -within a “ sheath,” 
its tail is pointed, and it has similar V- and 
tailspots. (Fig. 152, 2, p. 736.) 

The periodicity is the exact reverse of that of 
microfilaria bancrofti, for the embryos appear in 
large numbers in the peripheral blood during the daytime and disappear at 
night. The peiiodieity is, in fact, diurnal (Chart 29). 

The respective periodicities are very characteristic — more so, apparently, 
in microfilaria loa than in microfilaria bancrofti ; for, whereas by inverting the 
sleeping habits of a subject of W. bancrofti infection it is easy to invert or disturb 
the periodicity of the microfilarise, this has not been done so easily with micro- 
filaria loa, although several experiments have been made. It does, however, 
take place gradually, as for instance when the patient travels round the world 



Fig. 173 . — Loa loa. 
Nat. size. 



Chart 29.— Diurnal periodicity of microfilaria loa (mf. diurna). 

The numbers in the ilrat column arc thowi of the niicrolllariie per H5 ml. of blood. 


(Kiilz, 1914). In Americans who have been infected in West Africa, the micro- 
filarisB maintain their periodicity on their return home. A series of important 
observations on the mechanism of periodicity were made by Gdnnert, who 
was transfused with blood from a patient heavily infected with L. loa and D. 
'Persians, whose blood contained 1,640,000 of the former and 112,000 of the 
latter per 160 ml. Subsequently, microfilarise loa were demonstrated in the 
recipient’s blood and maintained a strict diurnal periodicity for three days. 
Most of the miorofilariflo perstans disappeared from the blood within the first 
few days, but some persisted for at least three years. Somewhat similar results 
were obtained with microfilaria bancrofti by Knott and Hawking. 
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Life-history— In early editions of this work Manson called attention to the 
mangrove fly, Chrysops dimidiata (Fig. 378, p. 1050), as a possible intermediary, 
on account of its diurnal.and blood-sucking habits and local distribution. This 
conjecture Leiper, and later Kleine and Connal, have ascertained to be well- 
founded. Development takes place in the thoracic muscles and fat-body of 
C, dimidiata and C, silacea^ and in the Southern Sudan probably in C, 
distinctipennis. C. longicornis does not transmit. 

After the larva has entered the human body, development seems to be very 
slow, and probably full maturity is not attained until a year or longer. In 
Johnstone’s case (1947) the evolution from larval to adult stage was exactly 
one year. In many cases the parasite does not show itself until three, four, or 
four and a half years after the patient has left the endemic area. In one case 
it was extracted from the eye thirteen years after the patient had left Africa ; 
in another, the worm or worms appeared at irregular intervals during fifteen 
years, and the Editor has records of finding live microfilariae in the blood for a 
period of seventeen years. Manifestly it is long-hved. An interesting and 
suggestive evidence of slow development is that, while the immature active worm 
is often seen in children, the embryonic form in the blood is found as a rule only 
in adults, it may be as long as seven years from the time of the original infection. 

This slow development of L, loa seems to account for the very frequent failure 
to find the microfilariae in the blood in cases from which mature parasites have 
been extracted, a circumstance which has been brought forward as an argument 
against the theory that the diurnal microfilaria is really the offspring of L. loa. 

As yet it is impossible to estimate accurately the number of adult worms 
present in any given infection, although in advanced cases some idea might be 
obtained from the number of microfilariae in the peripheral blood. As a rule, 
it is safe to conclude that the particular loa that may show itself about the eye 
or elsewhere is only one of many. Thus, in 1903, Brumpt, at the autopsy of 
a negro whose blood contained microfilariae, found in the tissues of the heart 
five adult worms. Four of these were cretified, but the fifth was alive and 
contained embryos similar to those in the blood. 

Pathology. — L. Zoa, during the period of its growth and development 
in man, makes frequent excursions through the subdermal connective 
tissues. It has been noticed very often beneath the skin of the fingers, 
and it has been excised from under the skin of the back, from above the 
sternum, from the left breast, the lingual frsBnum, the loose skin of the 
penis, the eyelids, the conjunctiva, the anterior chamber of the eye, and 
also the scalp. The parts most frequently mentioned are the eyes, and, 
although the worm may attract more attention in this situation, it does 
seem as though it had a decided predilection for the eye and its" neighbour- 
hood (Fig. 174). A patient of Manson’s once stated that the average 
rate at which a loa travelled was about an inch in two minutes. Both 
he and others have observed that warmth, such as sitting before a fire, 
seems to attract them to the surface of the body. Chesterman on the 
Congo reported finding live adult worms in 10 per cent, of all cases operated 
upon for hernia and elephantiasis. Cretified worms, too, were frequently 
encountered. Whether alive or dead, this parasite evokes a high eosinophile 
response, and an increase to 80, 40, and even higher percentages, is common 
in Europeans who have resided in the endemic districts in Southern 
Nigeria, the Congo and Cameroons. Occasionally, as in one patient, who 
had manifested Calabar swellings over a period of seven years, all the 
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adult filariiB appeared to die out at the same time and were discharged in 
a calcified state from minute chronic abscesses which appeared on the 
hands, arms and legs. 

Symptoms. — As a rule, the migrations of the parasite give rise to no 



Fig. 174. — Loa loa in the eye. 

{After Fullehorn.) 


serious inconvenience, but they may 
cause prickings, itching, creeping 
sensations, neuralgia and, occasion- 
ally, transient oodomatous swthings 
(Calabar swellings) in various parts 
of the body. When the parasitic 
appears under the conjunctiva it 



may cause a considerable amount of irritation and congestion ; there 
may even be actual pain, associated with swelling and inability to use the 
eye and, perhaps, tumefaction of the eyelids (Fig. 175). Should a loa 
wander into the rhna glottidis, or the urethra, the conse(piouces might be 
serious, and great pain is sometimes caused. Occasionally, too, as Chester- 
man recorded, the death of the parent worm may cause a localized abscess 
in the groin or axilla. 


Calabar Swellings 

Under this name Thompstono originally described certain fugitive 
swellings which are frequent in natives and Europeans alike in parts 
of tropical West Africa. The swellings are about the size of half a goose 
painless, though somewhat hot, both objectively and subjectively, 
not pitting on pressure, and usually disappearing in about three days. 
They come suddenly and disappear gradually, and occur in any part 
of the body. One swelling occurs at a time, but recurs at irregular intervals 
and, perhaps, for many years after the patient has returned to Europe. 
In some instances the swellings seem to be due to rubbing provoked by 
the irritation accompanying the presence of a loa just under the skin ; 
in other instances they develop spontaneously. In Johnstone’s own case 
a localized Calabar swelling appeared round the worm as it lay coiled up 
in the outer aspect of the upper eyelid. In the hand or forearm they may 
give rise to a sensation of powerlessness and soreness, as if the part had 
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received a blow. They never suppurate (Fig. 176j. The effects of tem- 
perature upon these swellings is important. During the hot summer 
months they are most frequent: in the cold weather distinctly uncommon. 

Although in a large proportion of cases, L. loa embryos cannot be found, 
in a number of others, either the parent worm has shown itself in the 
eye, or its microfilariae have been detected in the blood. This discovery, 
together with the geographical endemicity of these swellings and their 
clmical characters, makes it practically certain that they are produced 
by L. loa. Manson believed that the swellings might be caused by the 
emission of her larvae by a parent loa into the connective tissue, but it 
was proved by Fulleborn that they represent an allergic reaction on the 
part of the tissues in response to filarial toxins, and so can be reproduced 
by injections of extracts of the adult filaris. 



Fig. 176.— Calabar swelling on dorsum of hand in a European lady from 
the Congo. 


The recurrence of Calabar swellings on the arm or leg appears to give 
rise to induration of the fascia and connective tissue round the tendon- 
sheaths. In two cases the Editor observed permanent circular cyst-like 
swellings which may cause pain on muscular movement. Apparently, 
they are attached to the tendon-sheaths and muscular aponeuroses. 
Sohd cedema of one leg persisting for six weeks has been observed in a 
European from West Africa who had been infected for a number of years ; 
hydroceles also have been recorded (Fig. 177). 

Urticaria and dermatitis of a particularly irritating form with pruritus 
are sometimes found in filaria cases. The dermatitis is analogous to that 
found in onchocerciasis. As, in infections with W. hanoroftii multiple 
intramuscular abscesses, due to secondary invasion by staphylococci or 
streptococci, and even infections of the hip-joint, may sometimes be found 
in association with Loa loa. 

Diagnosis. — The microfilarieB can be demonstrated in the blood, or the 
high eosinophilia (30-60 per cent.) suggests this parasite. Confirmatory 
evidence can be obtained by the intradermal or complement-fixation 
tests (p. 750). An antigen is prepared from the filarise of the South 
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American ostrich {Contortospieidum rhecB), from the filaria of the 
cotton rat (Litonioaoides carvnii) or DiwjiJana imm/itis of the dog. 

After washing and drying the 
worms are triturated and a 1 per 
cent, emulsion of the powder is 
made in 0 5 per cent, carbol saline. 
After centrifugation the super- 
natant fluid is used as an intra- 
dermal test of 0*1 ml. and gives 
good results. These reactions are 
generally more marked and reliable 
than in W. hancrofti infections ; it 
must be emphasized that a diagno- 
sis of L. loa has often to be made 
by such means, when no micro- 
filaria} are presen i,, for they may 
not. a])pear in the peripheral blood 
for several years after the original 
infection. 

Treatment. — Calabar swel- 
lings are notoriously difficult to 
treat effectively. The irritation 
can best be allayed by evaporating 
lead lotion, or by heliohrom (dibro- 
motaunate of urea) in alcohol. 
Fairley employed a desensitization 
method with increasing strengths of 
Dirofilaria antigen, from 0*5 ml. of 
the extract: in normal saline, grad- 
ually increasing to 5 ml. or more, and he had some success. De Choisy and 
others asserted that this infection may to Homo extent be controlled by 
injections of tartar emetic ; and that in some cases Calabar swellings 
can be treated by intravenous anthiomaiine injections every other day 
(3 ml. of a 6 per cent, solution), but hotrazan is more successful. John 
Lowe (1953) has suggested injection of A.C.T.H., which by depressmg cell 
activity, suppresses the dermatitis. 



Fig. 177.— Hydrocele and solid oedema of 
right leg in L. loa infection from West 
Africa. 


Hetrazan. — Murgatroyd and Woodruff treated 17 Europeans in a 
series in which the infections had lasted from 1-24 years. 

The dose was 2 mgm. per kg. three times daily lasting 10-21 days with 
total amounts of 1*2-10 *5 grm. Slorbilliform and urticarial rashes ensued, 
alleviated only by benadryl and anthisan. In these serpigenous linear 
swelhngs due to adult worms appeared under the sldn. The results were 
favourable and dead filaria were extracted from skin nodules. The 
filarial skin test remained positive, whilst in a small number the complement 
fixation test became negative. 

Schneider (1950) treated a much larger series of 71 patients with daily 
doses for males of 0*4 grm. and 0*3 grm. for females for a similar period. 
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Allergic reactions were frequently encountered in some 70 per cent. These 
were pruritus, fugitive erythemata, Calabar swellings and creeping sensa- 
tions beneath the skin. All these reactions responded satisfactorily to 
anti-histamine drugs. 

Woodruff (1951) has shown by liver biopsy that, as in the case of filarial 
infections of laboratory animals with lAtomosoides carinii, the micro- 
filarias quickly disappear from the blood and are destroyed in the liver 
after treatment with hetrazan. 

III. HUMAN ONCHOCERCIASIS 

History and geographical distribution . — Onchocerca voluulus was 
originally discovered by a German medical missionary in negroes of the 
Gold Coast. The contained parasite was named Filaria volvulus by 
Leuckart in 1893. Blanchard, in 1899, demonstrated the parasite lying 
in a lymphatic space in a tumour. It occurs sporadically throughout 
the whole of the Congo basin, but especially on the Oell6, Kibah and 
Itimbiri rivers. It has been observed in Nigeria (Best and Parsons), in 
the Cameroons, (Fiillebom), in Senegal and French Guinea (Clapier), 
in Uganda (Cook), in Togo, Dahomey and Ivory Coast, on the lower reaches 
of the Volta river on the Gold Coast (Hughes and Daly), in Kenya (Kaka- 
mega and Southern Kavirondo), in Tanganyika, in Nyasaland, and in 
the Southern Sudan (Bahr-el-Ghazal, — ^Bryant) (Map YIII). 

In 1915 Robles described 0. volvulus as being common in Guatemala. 
Cald6ron (1920) defined the endemic zones as being in the departments 
of Sacatap6quez, Esouinthla, and Solola, at an altitude of 2,80(>-3,600 ft. 
It is suggested that the parasite was imported by negro slaves from 
Jamaica, though Brumpt classified the S. American worm as a distinct 
species — 0. coecutiens, “ the blinding filaria ” — mainly on account of its 
association with a curious punctate keratitis, minor distinctions in the 
morphology of the male parasite, predilection of the tumours for the head, 
and endemic zone of the disease at an altitude of 600-1,200 metres. De la 
Torre described onchocerciasis in Mexico, over 15,000 cases in the State 
of Chiapas and 5,000 in Oaxaca being known. On the other hand, Strong, 
Sandground, and Bequsert (1934), in their monograph on onchocerciasis in 
Central America, demonstrated that 0. volvulus and 0. ccecutiens are mor- 
phologically identical. In Guatemala, onchocerciasis occurs endemically 
in those districts in which coffee is grown, from 2,800-3,000 ft., especially 
amongst the Indian population. 

etiology.— The worms are white and filiform, tapering at both ends. They 
vary considerably in length, the female, as in all the filarise, being much the 
longer (35-40 cm.). At least foui males and two females are present in every 
tumour. The unsheathed embryos measure about 300 in length. Macfie 
and Corson found that in the Gold Coast natives micro^ariae are commonly 
encountered in sections of the skm, but some of the embryos, they believe, are 
referable to a new species, Dijpeialonema streptocerca {see p. 1001), distingmshable 
from those of 0. volvulus. The presence of the microfilariae of 0. volvulus in the 
skin is associated in some with a lichenoid condition. 

Life-history. — Embryos, presumably those of 0. volvulus, have been found in 
the peripheral circulation by FuUebom, Simon, Ouzilleau, and Rodenwaldt ; but 
usually the microfilariae occur round the periphery of the tumours, and are ingested 
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by the jinja-fly (SimuUwm dmnnosum), in the thoracic muscles of which they 
undergo a developiiieiit similar to that of W. bancrofti (Blacklock). In Kenya 
the species is S. ncavei (Buckley), whilst in South America the insect intermediary 
hosts are Eusmullum. avidwii (metnUuumi.), E. ochraceum and E. mooseri. 

Gib bins and Loewcnthal showed that in Victoria Nyanza district of Uganda 
distribution of cutaneous onchocerciasis amongst the natives coincides with that 
of Simulimn darn, nosum. 

Pathology and symptoms.— 0. volvulus is found in peculiar sub- 
cutaneous fibrous tumours, tlio size of a pea to that of a pigeon’s egg. 



Fig. 178.— Onchocerciasis from the Congo. 
Typical nodules on knees, elbows and scalp. 
{Dr. C. G. Chesterman.) 


The same patient may present one or several of these tumours (Fig. 178). 
The regions of the body most frequently affected are those in whaoh the 
peripheral lymphatics converge. Thus, the tumours are usually found 
in the axilla, in the popliteal space, above the elbow, in the suboccipital 
region, and in the intercostal spaces. In their incipient stages they 
cause very considerable pain. Periodic recurrences of symptoms are 
attributable, according to native belief, to the lunar cycle, occurring almost 
every fifteen days. In the South American form the occipito-frontal and 
temporal regions are most usually affected. Strong found in Ste. Emilia, 
Guatemala, 54 per cent, of the inhabitants infected. 


ONCHOCERCIASIS 


The tumours are situated on the head, usually the scalp, and measure 6—20 
mm., rarely as much as 30 mm. They may cap the skull, and from them the 
adult worms may be obtained entire by digesting the tissues with papaya juice, 
or papaine, in 0*2 per cent. HCl. The tumours are never adherent to the surround- 
ing structures and can be easily enucleated. They are formed of a dense mass 
of connective tissue, which enwraps the parasites and encloses small cyst-like 



Fig. 179. — Lichenoid eruptions of onchocerciasis. (After FuUebom.) 


spaces filled with a greyish viscous substance consisting almost entirely of 
microfilarise. The position of the adult worms within these tumours is very 
remarkable. The greater length of the coiled-up bodies of the females is 
embedded in the connective stroma ; consequently they can only be extracted 
in fragments. 

Becker has shown that free forms of adult worms commonly occur in the 
tissues, so that in many cases of onchocerciasis typical nodules are not 
found. Adult 0. 'oohulus has been found in the course of operation for 
inguinal hernia and at Caesarean section. Though they are most commonly 
found in adults of mature years, Strong saw volmdus tumours in a child of 
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two nioDtlis, and found that they often give rise to neoplasms. Some- 
times, liowevov, especially in Europeans, the embryos may exist in large 
numbei’S in the skin without any palpable nodules. 

Robles reported that tumours of the scalp and periosteum may produce 
epileptiform attacks in Colombia, due to perforation of the cranium. 
ErysiptilatoiJ skin-rashes (known as “ Erisepela de la costa ”) are common 
in the South American form. 

Lymphatic enlargement of the scrotum, hydroceles and enlarged testes 
were noted by Dyce Sharp in patients infected with 0. volvulus, while the 
embryos can be demonstrated in hydrocele fluid, as well as in oedematons 
lymphatic tissue. On the Congo, Ouzilleau and Chesterman described 



Fig. 180. — Microphotograph of microfilaria of 0, volvulus in 
subcutaneous tissue. Note absence of tissue reaction. 

(Photograph by Dr, P. H. Martin.) 

elephantiasis of the scrotum and legs in association with this parasite. 
As in W. bancTofti infections, localized abscess formation also occurs, 
and several dead female worms have been removed from abscesses. The 
elephantoid scrotum due to 0. volvulus is convoluted like a brain, and the 
subcutaneous tissue is more solid and loss axlematous than that in elephan- 
tiasis attributed to W. hancrofti, while the embryos are found in the skin. 
Harris in Kenya noted a tendency to the formation of lipomata. 

Van den Borghe recognizes several varieties of nodules — those with 
eggs ; those with free microfilaria) ; those with greenish, syrupy or caseous 
pus ; cold abscesses full of pus and remains of worms and fibroid nodules 
without eggs or inicrofilariiB. 

D6jou (1939) described acute arthritis in onchocerciasis in French 
West Africa. Microfilaria) can be demonstrated in the synovial fluid 
obtained by joint puncture, which should be examined soon after 
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withdrawal. In these cases filarial nodules can be found in the cruro- 
inguinal region, in the pophteal spaces, and on the costal margins. 

Skin symjptoyns . — Dermatitis (xeroderma) or lizard skin (Rodhain and 
Dubois) is commonly associated with 0. wlvulus. The skin affection is 
described by some as lichenoid and is more easily visible on the back 
(Fig. 179). It is usually seen in South American eases, but shows up 
much better in Europeans than in dark-skinned natives. The skin is 
thickened as well as wrinkled, as Fullebom described in German 
colonists from Mexico. This complication was termed lichen by Macfie and 
Corson and scleroderma by Ouzilleau in West Africa. 

Recurrent inflammations of the skin of the face often result in enlarge- 
ment of the pinna of the ear. Associated with this there is a definite 
dermatitis, with discoloured patches of skin on the neck and back, and 
xeroderma, especially of the elbows. The patient experiences terrible 
pruritus, especially at night. Quite commonly he suffers from photophobia 
and some aberrations of vision, and there is usually an eosinophilia of 
about 35 per cent. 

Several onchocerca nodules can usually be found in the deep subcu- 
taneous fascia, and when excised, the adult worms can be demonstrated, 
and living embryos also, by teasing a snippet from the surrounding skin 
in normal saline (Fig, 180). 

Eye lesions , — In 1918 Pacheco Luna suggested that 0. volvulus, in its 
migrations through the body, was responsible for a peculiar form of 
keratitis punctata commonly found in Guatemala. Calderon claimed that 
it produces lesions of the iris and 
cornea as well. Similar eye lesions 
were described amongst the Congo 
negroes by Hissette. Photophobia, 
xerosis and impaired vision result, 
or the pupil may become oblit- 
erated and complete blindness ensue 
(Fig. 181). In the acute stage 
eye lesions are associated with 
erysipelas of the face and ear, 
neuralgia and pyrexia. The 
chronic form is characterized by 
oedema of the face and a greyish 
pigmentation of the skin. Skin 
symptoms have periods of exacer- 
bation every fifteen days. Further 
studies on the eyes were made 
by Strong and Sandground in 
Guatemala (1934). In Kenya 
Hawking, in the Kakamega district, found microfilarise in the skin in 62 per 
cent, of a group with eye lesions or nodules. Eye lesions were present in 
34 per cent, of those with microfilarise, and m 23 per cent, of those without. 

Silva found microfilariae in the choroid and the posterior two-thirds of 
the cornea in sections of the eyes, and this was confirmed by demonstrations 
of living microfilariae creeping on the corneal surface. They can be found. 



Fig. 181. — Ocular onchocerciasis from the 
Congo, showing punctate keratitis and 
lateral formation of pannus. [Hissette.) 
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too, in the anterior chamber and in the iris, as they are phototrupic. 
Boase (1985), and also j\[exican ophthalinologists, have identified them by 
the corneal microscope. Entropic vision of the embryos crossing the 
visual fields is said to be by no means uncommon. Several cases of blind- 
ness in Euro])eans from Kenya have been recorded in recent years and, in 
spite of all methods of treatment, pamius has steadily progressed. In none 
were palpable tumours demonstrable. It is to bc^ noted that pannus was 
limited to the interpalpebral exposed surface of the eye and does not 
extend beneath the lids. In one cornoal grafts were successful. Eemoval 
of operable tumours does not eradicate the disease, because new ones form. 
In Mexico City, where the disease cannot spread, microfilariae can still be 
found in the skin as long as five years after widespread excision of nodules. 
Eye lesions are late manifestations of onchocerciasis, and are rarely seen 
in children. Van den Bergh suggests that the constriction of the head 
band, worn by West Africans may have a bearing upon the formation 
of symmetrical periauricular noduk^s. 

Eidley (1945) was unal)le to detect microlilariiu by the slit-lamp in the 
cornea. He describ(^s the eyc^ in tho early stages as white and free from 
vascular congestion, but with lacryniation and photophobia. Later, 
the cornea is thickened, pigmented and presents a marbled appearance! 
There are grey nummular opacities in the stroma, measuring 0*6 mm., 
in which bodies of dead microfilarifu may bo detected. Interstitial keratitis 
is found in the interpalpebral area. Later still, the corneal opacities fuse 
to form a frosted-glass apptiarance in tho lower third, when superficial 
vessels appear to produce pannus. Marked folding of Bescemet’s membrane 
produces the appearance of a fan at tlie back of the cornea. Corneal 
sensation becomes diminished. In the anterior chamber microfilarise 
swimming in the aqueous, in the focal beam of l,he slit-lamp, appear as 
golden wriggling threads ; Idioy may oven join together and resemble an 
octopus. In the iris star-shaped patches of connective tissue in the stroma 
cause local contractures, with atrophy of tho iris pigment, producing a 
spongy appearance, like that of a “ pumice-stone iris.” A brown mass in 
the lower part of the anterior chamber is caused by a mass of dead micro- 
filariae in the aqueous ; iliis loads to a pointed, pear-shaped pupil. Cyclitis 
is indicated by keratic precipitates and loads to secondary cataract and 
glaucoma. Cataracts are a frequent source of blindness and are due to 
deficient nourishment. In the vitreous dc^goneratioii of the “ asteroid 
hyalitis ” type is present. 

Sarkies (1952), in 319 cases of onchocerciasis, found 14 per cent, with 
microfilarifB in the eye without ocular lesions. Some 16 per cent, showed 
nummular opacities in which malnutrition may have played a part. 
Damage to the eyes may be arrested in the early stages by intravenous 
injections of antrypol. Indications for hetrazan are present after com- 
pletion of the course. Van Hoof (1947) found that antrypol had a filaricidal 
action on the adults and microfilarise. Cert.ainly allergic reactions are 
less severe in those cases injected with antrypol. In 82 cases with antrypol 
injections intravenously 1 grm. for 8-9 weeks the effects were remarkably 
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constant and microfilariae disappeared from the aqueous between the 
fourth and sixth weeks. 

Betina and choroid , — ^Here there is a combination of choroidal sclerosis 
with retinitis pigmentosa. There are large approximated areas of tapeto- 
retinal degeneration, situated posterior to the equator and extending to 
the disc margin. The retina is abnormally transparent and the pigment 
is heaped together. In the background streaks, due to the sclera showing 
through spaces occupied by blocked choroidal vessels, give the appearance 
of cracked sun-baked mud. In the otherwise normal areas of the retina 
a few “ bone-corpuscle ” aggregations of retinal pigment are present. 
Ojptic atrojphy is seen in all cases with gross choroidal and retinal lesions. 
There is little evidence that this atrophy has been preceded by more than 
shght swelling of the papilla. 

The greater the distance between the eyes and the localization of the 
adult parent filarise, the longer is development of eye lesions delayed. 

Diagnosis. — The diagnosis is made by snipping off a piece of skin with 
forceps near a nodule, placing it in saline solution for 15 minutes at 37° 0., 
centrifuging and then pipetting off the bottom layer with the microfilari© 
which have escaped from the tissues. The embryos are thermotactic, 
and are attracted by heat to the surface of the skin ; thus, demonstration 
is best effected by placing hot fomentations on the skin, and then taking 
off shavings by means of a Thiersch razor. When these are placed in 
warm physiological saline, embryos can be detected. Howard recom- 
mends placing a powerful electric light bulb a few inches from the 
skin. No local an©sthetic must be used, and freezing is especially contra- 
indicated. In the eye Ridley recommends the examination of snips of 
the conjunctiva under cocaine an©sthesia. A portion of the bulbar 
conjunctiva is seized with toothed forceps and abscissed with scissors. 

Intradermal tests , — These tests were carried out by Fullebom, Eodhain 
and Dubois with dirofilaria antigen (see p. 750). The results have not 
been as satisfactory as in other filarial infections. The antigen should 
be diluted 1 : 2000 (White and Murdock). 

Comflemmt-fixation reaction in onchocerciasis , — ^Van Hoof employed a com- 
plement-deviation test for onchocerciasis, based upon the same principles as 
other RiTnilfl.r tests in filaiiasis, and he considered that it had done much to 
remove uncertainties regarding the pathogenic action of this para^te. 

The tightly-packed mass of adult parasites is retained when dissected out 
of the cyst. The filarise are then cut into thin slices and placed in a desiccator 
over sulphuric acid, and when dry they are extracted with ether at 25° C. 
a process which occupies several days — and are subsequently dried and extracted 
with alcohol for ten days. The best extracts have an antigenic titre of 1 in 26. 
It is claimed that the test when put up by the Calmette-Maasol techmque is 
so specific that neither Loa loa. A, perstans, nor intestinal helminths are able 
to vitiate it. The antibodies thus demonstrated are present in serum, cerebro- 
spinal fluid, synovial fluid and oedematous exudates. 

The observations so far made on the positive reactions by this test are in 
favour of the view that certain forms of elephantiasis in the Congo are mani- 
festations of onchocerciasis. 

Eosinophilia is not usually marked in onchocerciasis and is therefore not 
useful as a diagnostic sign. 
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Treatment. — In the African form the tumours appear to be painless, 
and may be removed by excision. In the South American form, removal 
of the tumours under cocaine anaesthesia is said to be followed by an 
improvement in the ocular conditions within a week or so. Adams 
(1938) stated that in a European from the Katanga province of the Congo 
intravenous injections of neostibosan arrested progress of the corneal 
opacities, but, in comparable cases observed by the Editor, no improve- 
ment was noted, so that antimony therapy had to be discontinued. Harris, 
who gave sodium antimony tartrate intravenously, noted that the micro-; 
filariae disappeared from the skin, in some cases rapidly, when the treatment 
was continued over a period of four weeks. A useful application to alleviate 
pruritus is lieliobrom (dibromotannate of urea) 10 per cent, in spirit, 
applied to the skin at night. 

Hetrazan. — This drug has been tested out in Mexico and in Guatemala. 
So far the results have Imen on the whole favourable. Stoll says that it 
has a specific and rapid action. The side reactions are common, frequently 
serious, allergic in characl.er, but of short duration. Herxheimer-like 
reactions have been recorded with large doses, and are probably due to 
massive destruction of microfilariae. Mazzotti and Hewitt state that the 
most convenient dose is 2 mgm. per kg. three times daily for 21 days ; but 
where the infection is heavy they commence with -^rd of the daily dose 
for the first day, •§■ for the second day and the full dose for the third. It 
should be given after meals. Should allergic manifestations become severe 
it is advisable to suspend treatment for 4 days, whilst an anti-histamin 
drug {Antistin) is t^xhibiied. Hawking (1952) treated 50 onchocerciasis 
patients in Uganda with hot-razan. The dose was 50 mgm. of di- 
hydrogen citrate-salt 2-8 timi^s daily. The dose was increased after the 
first two days till 250 mgm., thrice daily, was reached. Violent allergic 
reactions were produced, though microMarite usually disappeared from 
the skin, reappearing directly troatiTiont ceased. Adult worms did not 
appear to he much afiectod. When a small dose of betrazan is given 
intense reaction in the corium of the skin can be demonstrated. Micro- 
filariae show evidences of degeneration. These allergic reactions are so 
constant that they can be used as an additional moans of diagnosis. 

Combined Treatment. — Burch has shown that the combination of 
antrypol (suramin) and hetrazan gives the best results in a series of 82 
patients. 

Antrypol is giv(ui intravenously in a course of 8 injections at the rate of 
1 grm. weekly. Hetrazan was simultaneously administered in doses of 
0-25-2 mgm. ptsr kg. throe times daily for 3-6 weeks. Disappearance 
of inicrofilariiB from the skin was astonishingly rapid after either drug. 
After a year’s interval only 1 5 per cent, of the hetrazan series were free 
from microfilarise, whereas 87 per cent, of the antrypol series were free. 
There is therefore some evidence that intravenous injections of antrypol 
kills off the adult worms. 

Antrypol for intravenous use is used as a 10 per cent, solution, starting 
with 0*5 grm. and gradually increasing to 1 grm. weekly. 
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Later with Ashburn (1951) he was able to show conclusively that a 
combination of these two drugs produces a rapid and permanent action 
upon 0. volvulus microfilariae. 

Prophylaxis. — The extirpation of Sirnidium neavei by means of DDT 
sprays has been effected by Garnham in the Kakamega district in Kenya 
{see p. 864) and this method has now been shovm to be a practical 
proposition. 


IV. DRACONTIASIS 

Synonym . — Guinea-worm. 

Geographical distribution. — This important parasite, Dracunculus 
luedinensiSt is found in certain parts of Africa and India, and appears to 
have been imported from America. In Africa it occurs in the Valley 
of the Nile, Lake Chad, Bornu, and West Africa ; it has been observed 
in Uganda, but not in the Congo basin. It is also found in Persia, 
Turkestan, Arabia, and in a very limited part of Brazil (Feira de Santa 
Anna). Formerly it was supposed to be endemic in Curasao, Demerara, 
and Surinam. Dracunculus is not equally diffiised throughout this 
extensive area ; it tends to special prevalence in limited districts, in 
some of which it is excessively common. In parts of the Deccan, for 
example, at certain seasons of the year nearly half the population is 
affected ; and in places on the West Coast of Africa (Gold Coast) nearly 
every negro has one or more specimens about him. In Europe, guinea- 
worm is seen only in natives of, or in recent visitors from, the endemic 
areas. In North America, according to Chitwood, it has been found in 
the silver fox {Vulpes julva), the racoon {Procyon lotor), and the mink 
{Putorms vison), but never in man. In Asia and Africa the parasite is 
widespread amongst carnivora. In some parts of the Gold Coast this 
parasite has now disappeared owing to drying up of wells by drought. 

etiology. The parasite . — The male worm has only rarely been found 
{see p. 1004). The female measures about 32-5 cm. to 1 m. 20 cm. in length, by 
1*6 mm. in diameter. The embryos are somewhat flattened, with a tapering 
tail, and measure 0-5-0-75 mm. in length by 0*017 mm. in breadth. 

Life-history . — The embryos of D. medinensis are shed into water and, sw immi ng 
about actively, enter the body-cavity of a fresh-water crustacean, Cyclops 
qiLodricomis, or allied species, in which they develop until a length of 1 mm. 
is attained. (For details, see Appendix, p. 1005.) 

Mode of infection . — ^The metamorphosis of D. medinensis in cyclops was 
discovered by Fedchenko in Turkestan and subsequently confirmed by Manson 
in England ; but, owing to the colder climate of this country, the metamorphosis 
takes longer to complete — eight or nine weeks, instead of five weeks as in 
Turkestan. Fedchenko supposed that cyclops, containing the larvse of the 
guinea-worm, was swallowed by man in drinking-water, digested, and the parasite, 
being then set free, worked its way into the tissues of its new and definitive host. 

Later, Leiper showed that when an infected cyclops is transferred to a 2*0 
per cent, solution of hydrochloric acid it is immediately killed, but the larvae, 
so far ftom being destroyed, are aroused to great activity, and eventually escape 
into the fluid, in which they swim freely. From this he conjectured that under 
natural conditions man becomes infected through the ingestion of cyclops 
containing these worms, the gastric juice acting on cyclops and larva in the 
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same way as the hydrochloric acid in his experiment. In order to prove this 
he fed a monkey on bananas concealing cyclops which had been infected for 
five weeks, and which contained fully-developed larvae. Six months later, 
when the monkey died, five worms were found in its connective tissues, all 
possessing the anatomical characteristics of D. medinensis. 

The evidence is now fairly complete that the life-span of the female 
dracunculus, before she appears on the surface of the body, extends to 
about one year. It is not to be supposed that every species of cyclops 
is an effective intermediary ; if this were the case, guinea- worm infection 
would have a much wider geographical range. 

Pathology and symptoms. — The parasite, on attaining maturity, 
makes for the legs and feet ; these are the parts of the human body most 
likely, in tropical countries, to come in contact with puddles of water, the 
medium in which cyclops — the intermediary host — lives. The water- 
carriers in India are very subject to guinea-worm, which, in their case, 
appears on the back — that is, the part of the body against which the 
water-skin lies when being carried. It seems that the mature guinea-worm, 
by instinct, seeks out that part of the body most in contact with water. 

Occasionally, the guinea-worm fails to pierce the integument of her 
host ; sometimes she dies before arriving at maturity. In either case she 
may give rise to abscess ; or she may become cretified, and in this con- 
dition may be felt, years afterwards, as a hard convoluted cord under the 
skin, or be discovered on dissection. 

The haunt of the female guinea-worm is the connective tissue of 
the limbs and i/runk. When mature, she proceeds to bore her way 
through this tissue, travelling downwards. In 85 per cent, of cases she 
presents in some part of i.he lower extremities ; occasionally in the 
scrotum or on the dorsum (Fig. 182) or solo of the foot ; rarely in the arms ; 
exceptionally in other parts of the body, or even in the head. In a 
proportion of oases the appearance of the worm at the surface of the body 
is preceded by slight fever and urticaria; the onset of the skin eruption is 
generally at night, before the blister or other localizing signs are noted. 
Arrived at her destination, the female worm pierces the derma. In 
consequence of some irritating secretion, a small blister, containing, as a 
rule, numerous embryos, forms and elevates the epidermis over the site 
of the hole in the derma. The irritation due to this act causes a burning 
sensation and induces the patient to immerse his foot in water. By and 
by the blister ruptures, disclosing a small superficial erosion J-| in. in 
diameter. At the centre of the erosion, which sometimes quickly heals 
spontaneously, a minute hole, large enough to admit an ordinary probe, 
is visible. Occasionally, when the blister ruptures, the head of the worm 
is seen protruding from this hole ; as a rule, however, at first the worm 
does not show. If the neighbourhood of the ulcer is douched with a 
stream of cold water from a sponge, in a few seconds a droplet of fluid 
— at first clear, later milky — wells up through the hole and flows over the 
surface. Sometimes, instead of this fluid, a small, beautifully pellucid 
tube, the uterus, about 1 mm. in diameter, is projected through the hole 
in response to the stimulus of the cold water. Apparently in this act the 
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Fig. 182 .— Quitiea-worm disease. A. primary blister produced by head of female prior 
to emergence. B. Female guinea-worm protruding from interdigital cleft, showing 
terminal expansion containing myriads of embryos. 
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tissues of the head are exploded in order that the uterus may escaue 
(Fig. 183). ^ 

When the tube has been extruded an inch or thereabouts, it suddenly fills 
with an opaque whitish material, ruptures, and collapses, the fluid spreading 
over the surface of the erosion. If a little of the fluid, either that which has 
welled up through the hole, or that which has escaped from the ruptured tube 



Fig. 183. — Diagram of vesicle caused by guinea- worm, 
showing prolapse of the uterus in the act of dis- 
charging embryos info the blister cavity. 

{After Fairley and Glen Liston.) 

be placed under the microscope, it is seen to contain myriads of dracunculus 
embryos lying coiled up, almost motionless, with their tails projecting in a 
very characteristic manner (Fig. 184-). If now a drop of water be instilled 



Fig. 184. — ^Bmbryos of D. medinensis. {Microphotograph hy Mr. H, B, Biistow.) 

below the cover-glass, the embryos unroll themselves, and, in a very short 
time, swim about, more suo, with great activity. If the douching be repeated 






Radiograph of leg showing guinea-worm injected with Upiodol. 

{Dr. Botreau-Roiissel.) 
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RADIOGRAPH OF CALCIFIED CYSTICERCI IN 
THE THIGH 

[Major-General W, P. MacArthur, Trans. Roy. Soc. Trap. Med. and Hyg., 1934.) 

Plate XXI 
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after an hour or longer, a further supply of embryos can be obtained ; and 
this can be continued from time to time until the worm has emptied herself. 
Apparently the cold applied to the skin of the host stimulates the worm to 
contract, and thereby force out her uterus, inch by inch, until it is completely 
extruded. The repeated birth of a limited number of progeny each time the 
skin of the host comes into contact with water is therefore a wonderful provision 
of nature. Aberrant forms of embryos were described by Moorthy and Sweet 
(p. 1005). 

The first symptoms appear usually simultaneously with the beginning of 
the blister-formation, and consist of urticaria, nausea, vomiting, diarrhoea, 
asthma, giddiness and fainting and they are believed to be due to absorption 
of the toxin ( mitted by the worm to form the initial skin blister. The symptoms 
strongly suggest an anaphylactic reaction, and goats injected with guinea- 
worm extracts show similar symptoms, while injections of adrenalin bring about 
rapid improvement. Later symptoms result from the invasion of the ulcer 
by bacteria. 

Should the worm become injured or lacerated while lying in the subcutaneous 
tissues, severe local reaction may develop. The part becomes extremely painful, 
inflamed and oedematous, and cellulitis may result, due to secondary downward 
growth of staphylococci and streptococci from the skin. Arthritis, synovitis, 
epididymitis, contractions of tendons, and ankylosis of joints have even been 
known to ensue. In some patients, generalized systemic symptoms accompany 
the premonitory urticaria, such as pyrexia, giddiness, dyspnoea and vomiting ; 
and gastro-intestinal symptoms have been noted during the early stages of 
guinea-worm infection, associated with an increase of eosinophile cells in the 
blood ; this is due to the absorption of a specific toxin, so that alarming symptoms 
may be produced in laboratory animals by intravenous injection of extracts 
of the adult draounculus. 

That the cellulitis associated with guinea-worm is due to the excretion of 
toxins by the mature parasite was shown by Fairley and Glen Liston, who 
failed to produce any local or general reaction by subcutaneous injection of the 
embryos themselves. Botreau-Roussel and Huard described a specific non- 
bacterial arthritis, especially of the knee-joint, associated with the presence 
of a guinea-worm in the vicinity. 

Lester from Dar-es-Salaam reported the discovery of an entire guinea-worm 
coiled in a hernial sac ; it was kept alive in the laboratory for twelve days after 
removal. According to Trewn, guinea-worms may present themselves after 
as long an interval as fifteen years from the time of infection. Massive infections 
are also reported, and as many as 56 adult worms have been coimted in one person 
at the same time. 

Diagnosis . — This is, as a rule, sufficiently obvious. In cryptic infections 
there is generally an eosinophilia. If the worms cannot be seen they 
may be felt underneath the skin. When both these methods fail, screening 
with X-rays has been of use ; and injection of 2 ml. of 10 per cent, collajgol 
into the worm renders it opaque (Hudellet, 1919). Effete and calcified 
worms are easily demonstrated by skiagraphy. (Plate XXI.) 

An intradermal test for diagnostic purposes was introduced by Ramsay. The 
antigen is obtained by adding to 100 ml. of ether 0*25 grm. of dried powdered 
guinea-worm, with frequent shakings at room temperature for two hours to 
remove the lipoids. The dried, ether-free residue is extracted with shaking 
for four hours, in 100 ml. of 0*85 per cent, solution of sodium chloride at 37° C. 
After centrifugation, it is passed through No. 6 Seitz filter, and 0*25 ml. of this 
is used for injection. A positive wheal is 2-3 cm. in diameter, with outrunners, 

26 
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Sequelae. — Subacute sterile abscesses are occasionally seen, due to 
premature death of the female D. viedimnsis, with the liberation of 
embryos into the subcutaneous tissue. The condition is diagnosed by 
the clee})ly situated fluctuating swelling, not communicating with the 
exterior, hi synovitis and arthritis, the exudate may be serous or purulent. 
Generally, there is an associated cellulitis, the synovial membrane being 
involved by direct spread through the adjacent tissues. Permanent 
deformities and a history of prolonged illness in the recumbent position 
are invariably associated with sepsis. Bony ankylosis is rare. The 
joints mainly involved are the knee and the ankle, while the tendo Achillis 
and hamstrings are not infrequently contracted. Connor ( 1922 ) drew 
attention to cases diagnosed as chronic rheumatism, traumatic synovitis, 
periostitis or sciatica, where X-ray examination revealed calcified worms. 

Treatment. — Formerly it was the custom, as soon as a guinea- worm 
showed herself, to attach the protruding part to a piece of wood and 
endeavour to wind her out by making a turn or two daily. Sometimes 
these attempts succeeded ; just as often the worm snapped under the 
strain. The consequences of this accident were often disastrous. Myriads 
of young escaped from the ruptured ends into the tissues, and violent 
inflammation and fever, followed by abscess and sloughing, ensued ; 
weeks, or months perhaps, elapsed before the unhappy victims of this 
rough surgery were able to got about. Too often, serious contractions 
and ankylosis from loss of tissue and inflammation, and even death from 
sepsis resulted. 

If a guinea-worm be protected from injury, and the part she occupies 
frequently douched with water, her uterus will be gradually and naturally 
forced out inch by inch and emptied of embryos. Until this process 
is completed she resists extraction. When, in from fifteen to twenty 
days, parturition is completed, which can easily be ascertained by the 
douching experiment, tho worm is absorbed or tends to emerge spon- 
taneously. A little traction then may aid extrusion. Traction, however, 
must not be employed so long as embryos are being emitted. When 
located by X-rays and collargol, the worm may be dissected out (Hudellet). 

The parasite may also be killed by injecting her, by means of a syringe, with 
solution of bichloride of mercury, 1 in 1000 ; after twenty-four hours, extraction 
is usually easily effected. If the worm has not shown herself externally, but 
can be felt coiled up under the skin, the coils should be injected, through several 
punctures, with a few drops of the same solution. Fairley and Glen Liston 
advocated aspiration of the blister-fluid before extraction, followed by pre- 
cautions to avoid sepsis. The surface should first be painted with tincture of 
iodine. After a period of forty -eight hours, they advised excision of the worm if 
lying convoluted in a limited space ; failing this, intermittent traction should 
be combined with massage. The subcutaneous injection of 9-10 min. of 1 in lOOO 
adrenalin hydiuchloride immediately relieves the distressing prodromalsymptoms, 
such as urticaria and asthma, from absorption of toxins. 

To complete extraction of the worm, the operative procedure is as follows. 
It is applicable whether a blister has formed or not, or whether a sinus is present. 
The skin overlying the worm at some distance from the ulcer is infiltrated with 
cocaine and adrenalin (2 ml. of 1 per cent, cocaine and 1 ml. of 1 in 2000 adrenalin). 
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An incision is made at right angles to the line of the worm through the anaesthe- 
tized tissues. The whitish fibrous sheath of the worm being exposed, the superior 
surface is incised longitudinally and a small strabismus hook inserted inside 
its interior. By these means the female D. medinensis is hooked out. The 
loop of the worm is held tightly in the fingers while intermittent traction and 
massage are again employed. Shoidd it be impossible to liberate the distal 
end of the parasite, a second incision is made over another palpable segment 
of the worm, and both ends of the central loop are cut across and the inter- 
mediary portion removed. It is most important that the proximal head portion 



Fig. 185. — Diagram of removal of guinea-worm. {After FairUy,) 


of the worm should be removed through the sinus, not drawn through the sheath 
in the subcutaneous tissues in the reverse direction, or otherwise there will be 
pollution with organisms from the mouth of the sinus (Fig. 185). 

A newer treatment is by a dye, phenothiazine (Mountjoy Elliott, 1942). 
Finely powdered and triturated, it is emulsified with adeps lance and olive oil. 
A certain amount of heat is required to keep the solution sufficiently fluid to 
be drawn up into a hypodermic needle. Each injection consists of 10 ml. of 
the emulsion, containing 1 grm. of phenothiazine. The site of the injection 
is anaesthetized by infiltration with novocaine. Three injections are usually 
made as near the course of the buried worm as possible. Usually, 4 grm. of 
phenothiazine is given in one treatment, and the site massaged for five 
minutes. Injections are made at weekly intervals and rarely more than two 
courses are needed. After 5 to 7 days the worm may be extracted by the rolling 
stick method. The rolling should be preceded by strong pressure with the 
fingers along the course of the worm tract in the direction of the sinus. This 
milking action should be performed for about 2 minutes. No toxic symptoms 
have been noticed. 

Prophylaxis. — It is evident that prevention is merely a question of 
protecting drinking-water from pollution by guinea-worm patients. 
Leiper demonstrated that cyclops are killed by raising by a few de^ees the 
temperature of the water in which they hve. He suggested heating by a 
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portable steam generator the water in wells and water-holes which are 
known to be sources of guinea-worm infection. Alcock found that the 
addition of a trace of potash to the water is equally effective. In Mysore, 
Moorthy found that step-wells are the greatest source of infection, especially 
in high-caste Hindu houses. When barbel fish {Barhus puckelli, B. ticto, 
Bashora chnicorniciis) , which feed voraciously on cy clops, are introduced, 
the guinea-worm disappears. Otherwise the wells must be treated every 
fourteen days with perchloron (bleaching-powder substitute). 



CHAPTER XLVI 


PARASITES OF THE LUNG AND LIVER 

I PAEAGONBIIASIS (ENDEMIC HEMOPTYSIS) 

History. — This disease and the characteristic eggs appearing in the sputum 
of its subjects were described by Baelz and Manson in 1880. Ringer, in 1881, 
was the &st to find the naature parasite, which was afterwards described by 
Cobbold under the name of Distomum ringeri ; subsequently it was recognized 
to be closely related to the previously described Paragonimus westermanni of 
the tiger. The naain features of its life-history and pathological bearings have 
been worked out since by J apanese observers. Closely allied species are found 
in the pig, dog, cat, otter, mink and ichneumon (see Appendix, p. 942). 

Geographical distribution. — ^Paragonimiasis occurs in China, Japan, 
Korea, Formosa, the Phihppines, Nigeria and the Cameroons. Seven 
cases were reported amongst members of the U.S. Marine Corps from the 
South Pacific (Samoa and Solomon Islands) during the recent war (^Miller 
and Wilbur). In some of the endemic districts a notable percentage of 
the population is affected. Paragonimiasis is found in ’^^ild animals 
(racoons and opossum) in the United States, but so far no human infections 
have been discovered there. The spread of the disease takes place by 
eggs in the sputum, more usually in the faeces ; this is specially the case 
in cats and other domestic animals. 

-Etiology. — ^The fiuke, Paragonimus ringeri (westermanni) ^ is reddish-brown, 
thick and fleshy, oval, and measures 8-20 mm. by 5-9 m m. Development 
of the parasite proceeds in the ffesh-water snail Melania, and thereafter the 
larva, or metacercaria, encysts in several species of fresh-water crabs (Potamon 
and Parathelphusa) and crayfish. 

Min is infected hy eating raw or improperly-cooked crabs, of which the Koreans 
are very fond, while the raw juice of crayfish is taken as a medicine for diarrhoea 
and whooping cough. The young parasites hatch in the ileum and in 24r-42 
hours penetrate the intestinal wall near the jejunum, reach the peritoneal cavity, 
and make their way to the diaphragm by penetrating the tendinous portion. 
Travelling beneath the pleura, the larvae reach and pierce the parenchyma of 
the lungs, where cysts are found. In other organs they do not reach perfect 
growth (see Appendix, p. 943). 

Pathology. — The lungs do not at first present any unusual appearances 
but, on looking closely, small brown spots are thickly distributed over 
the entire surface of the pleura and many tumour-like swellings of a deep 
red colour, in which the parasites are situated, can he seen. On making 
a section of the lungs, a larger or smaller number of what are known as 
“ burrows ” are discovered scattered about, particularly towards the 
periphery. These burrows consist of areas, somewhat larger than a 
filbert, of infiltrated lung tissue in which can be seen a number of tunnels 
filled with the same material that constitutes the characteristic brown 
sputum, which may also contain one or two treinatodes. The septa 
between the tunnels may break down and a considerable cavity thus he 
produced ; and as this occurs in connection with one of the bronchi, with 
which the tunnels always communicate, it may give the appearance of 
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a dilated bronchus. One burrow may communicate with another. It is 
estimated that the number of eggs coughed up in twenty-four hours is 
over 13,000. Tubercle bacilli and paragonimus eggs are frequently found 
together. 

When first discovered, it was supposed that P. ringeri was confined 
to the lungs, but it may affect the liver, peritoneum, testes, intestine, 
skin, muscle, and brain. It may cause intramuscular abscesses. In 
the brain it may form a tunnelled tumour similar to those in the lungs. 

]\Iusgrave, in his study of the pathology, pointed out that the peculiar 
bluish, cyst-like burrows of the parasite occur in many organs and tissues. 
Infiltration by the eggs produces, especially in serous membranes, httle 
brownish-red patches sometimes visible to the naked eye. The intestmal 
mucosa is a common scat of infiltration, which gives rise to inflammatory 
reaction, ending in ulceration and the appearance of eggs in the faeces. 
The eggs may find their way into the spinal cord, as reported by Robertson, 
and produce transverse myelitis. At least 100 mature parasites have been 
found in a psoas absc('ss. Tk^ (^ggs have bt^eii found in largo numbers 
in the urint' in a casc^ of pulmonary infection (W^dnstiein, 1953). 

Symptoms.— The symptoms generally begin so insidiously that it is 
impossible to fix their onset with accuracy. The subjects of endemic 

haemoptysis have a chronic cough 
and a vague feeling of distress in the 
chest, which is usually most urgent 
in the morning on rising. The fits 
of coughing expel a peculiar rusty- 
brown, pneuinonic-like sputum, which 
can be produced at will almost at 
any time, and often in considerable 
quantity. In addition, the patient 
is liable to irregular attacks of haemo- 
ptysis. Though usually induced by 
violent exertion, such attacks 
occasionally come on without ap- 
parent cause. The haemoptysis may 

Fig. 186.— Eggs of Paragonimus be trifling ; on the other hand, it 

Westermanni in sputum. jjiay be profuse as to threaten life 

or at least to cause intense anaemia. 
Ogi stated that an outstanding physical sign in chronic oases is clubbed 
fingers. The physical examination of the chest is mainly negative. The 
patient is well-nourished. Resonance is usually normal, with a tendency 
to hyper-resonance, while riles can be demonstrated in a few instances. 

The sputum , — Under the microscope the peculiar colour of the viscid, 
pneumonic-like sputum is found to be due partly to red blood-corpuscles, 
partly to a crowd of dark-brown, thick-shelled, operculated eggs (Pig. 
186). Besides pus-corpuscles there are large numbers of eosinophil cells. 
Charcot-Leyden crystals are often present. The eggs vary a good deal 
in size and shape ; they are all distinctly oval, have a yellow, smooth, 
double -outlined shell, and measure from 80 to ioo p. by 40 to 60 [jl. If 
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the sputum be shaken up in water, and the water be renewed from time 
to time, in the course of a month or six weeks — longer or shorter according 
to temperature — a cihated miracidium is developed in each egg. When 
the mature egg is placed on a slide with slight pressure on the cover-glass, 
the operculum is forced back, and the miracidium immediately emerges 
and begins to S’wim about and gyrate in the water. 

Abdominal syynptoms in some cases may also be present ; they consist 
of dull abdominal pains and occasional diarrhoea. The abdominal wall 
feels hard and is tender ; at the same time symptoms of liver cirrhosis, 
appendicitis, enlargement of the prostate, epididymitis and adenitis may 
be present. 

Cerebral symptoms. — W^hen the disease alffects the brain, especially in 
children, a peculiar form of Jacksonian epilepsy may be a feature for a con- 
siderable period, and may end in hemiplegia, aphasia, visual disturbances, 
homonymous hemianopia, pareses or monoplegias of various de^ees. 

Generalized. — In what is known as generalized paragonimiasis, in 
addition to the symptoms noted above, there is generalized lymphadenitis, 
especially affecting the axillary and inguinal groups, often associated with 
cutaneous ulcerations. 

Diagnosis. — Diagnosis is at once established by the discovery of the 
characteristic eggs in the almost equally characteristic sputum. The 
sputum is sticky, not foamy, and resembles that of pneumonia. Charcot- 
Leyden crystals are usually present. Edles and other physical signs of 
lung consolidation are not usually discoverable. If the intestine or liver 
is implicated, eggs may appear in the stools. 

One-sided convulsions or hemiplegic affections in a native of, or a 
visitor from the countries in which this trematode is endemic, should 
suggest examination of the sputum on the chance of discovering the 
parasite. Should eggs be found, there is a strong presumption that the 
cerebral trouble arises from a trematode tumour in the brain. 

In the endemic zones of paragonimiasis, even in the absence of eggs 
in the sputum, Musgrave recommended that this parasite should be 
suspected in cases of chronic epididymitis, enlargement of the lymph- 
glands or prostate, hver cirrhosis, and skin ulceration. As some of these 
conditions are also found in Schistosoma japonicnm infection, the opercu- 
lated eggs of paragonimus should be carefully distinguished from those of 
this parasite. The sputum should be examined bacteriologically to exclude 
the tubercle bacillus. Blood examination usually discloses a moderate leuco- 
cytosis of about 15,000 and there is usually no rise in the eosinophil cells. 

The cutaneous ulcerations have to be distinguished from those of 
oriental sore. 

Bercovitz reported that X-ray examinations of the lungs are very dis- 
appointing, while lipiodol infiltration shows no cavities, probably because 
the paragonimus burrows are situated at the periphery of the lung. W ang 
and Hsieh, on the other hand, described well-defined opacities and isolated 
infiltrations in various parts of the lung field. American radiologists 
have described appearances at the base of the right lung simulating early 
bronchiectasis. By the method of tomography Kershaw and Boss have 
described more precise appearances. In the antero-posterior and lateral 
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aspects they lind opacities made up of aliout six contiguous cavities. 
The fibrous walls are clearly outlined and there is little surrounding 
pneumonitis. 

Ando described a Bordet-Gengou complement-fixation test, using an 
extract of the body of the adult worm as antigen. This probably, when 
fully worked out, will constitute an efiScient aid to diagnosis in obscure 
cases. From the clinical aspect paragonimiasis has to be distinguished 
from bronchiectasis more than any other condition. 

Treatment, — So far no means of expelling the parasite from the 
lungs has been discovered. In cerebral paragonimiasis it might be 
possible by operation to remove the parasite and associated tumour, 
and thus afford a chance of recovery in a condition which has hitherto 
proved fatal. Kobayashi and Ando reported encouraging results with 
emetine, which is said to lessen the sexual activity of the trematodes. 
The drug is injected intramuscularly in doses of 1-25 ml. of a 2 per cent, 
solution four times daily for five days, but it must be used with great 
caution, especially where there is any myocardial trouble. This was 
confirmed by Bercovitz, who gave emetine in 1 gr. daily doses for periods 
of seven days. To and Ko injected carpain subcutaneously, 5 per cent, 
in normal saline. The total quantities were 0-3 grm. over six days, and 
1-1 grm. over 23 days. Bercovitz reported that marked improvement 
follows lipiodol injections into the bronchi. Yokogawa and Ro claimed 
encouraging results in experimentally infected dogs with intramuscular 
sulphanilamide (jprontosil). Subsequently they treated nine cases of human 
paragonimiasis with intramuscular prontosil, 2-5 per cent, solution, giving 
a total of 60-165 ml., simultaneously with intravenous emetine, 4 per cent., 
12-28-5 ml., over a period of seven to seventeen days. Degenerative 
changes were observed in eggs in the sputum after three days’ treatment. 
Favourable signs were a decrease in the amount of sputum and dis- 
appearance of blood. It is claimed that this treatment proved successful 
in 50 per cent, of cases. 

Prophylaxis in this, as in so many other animal-parasite diseases, 
lies principally in securing a pure water supply for drinking and bathing 
purposes, and avoiding all uncooked articles of diet, especially crabs and 
crayfish, which might be supposed to contain the young parasites. The 
sputum and faeces should be destroyed. In Chosen, Korea, an enlightened 
Government has waged a campaign against crabs, and has rendered their 
sale unlawful, while the populace is being educated about the dangers 
by means of posters and advertisements. 

II. CLONOECHIASI8 

Geographical distribution. — The trematodo responsible for this 
disease has been found in many Eastern countries, including India, 
Mauritius, Japan. Korea, Formosa, China, and Tonquin. In South 
China, Faust and Khaw determined that the fish-raising industry is 
responsible for the high incidence in Kwantung Province. In Central 
Japan, according to Katsurada, there are certain districts in which it 
^ects from 56 to 67 per cent, of the population, and L6ger found the eggs 
Isf 50 per cent, of the natives of the East Coast of Indo-China. A potentially 
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endemic area has been discovered on the Pacific Coast of California, the 
infection having been imported by Chinese immigrants, but the disease 
has not spread, in the absence of suitable intermediary hosts. 

iEtiology. — The parasite, Clonorchis sinensis, measures 10 to 20 mm. by 
2 to 5 mm. ,* it is oblong, narrow, flat, and somewhat pointed anteriorly, reddish, 
and nearly transparent. Development outside the human body takes place 
in two different intermediary hosts — primarily, a mollusc, Bithynia, usually B. 
striatula ; and secondarily, several species of freshwater fish of the carp family. 
(For further details, see Appendix, p. 937.) 

Pathology. — 0, sinensis inhabits the bile-ducts. It thickens the walls of 
the biliary canals and expands them in places into cavities and diverticula as 
large as fiberts, the walls of which are thickened with fibrous tissue. In these 



Fig. 187. — Eggs of Clonorchis sinensis in faeces. X 250. 
{Microphotograpk by Dr, John Bell.) 


cavities vast numbers of parasites may be found. The diverticula commumcate 
with the bile- ducts, along which the eggs of the parasites, and sometimes the 
parasites themselves, escape into the intestine. The affected liver is enlarged 
as a whole, although the tissue in the immediate neighbourhood of the diseased 
bile-ducts is atrophied. The spleen, also, may be hypertrophied and the intestine 
in a condition of chronic catarrh. This trematode is sometimes found in the 
pancreatic ducts, in the duodenum, and in the stomach, associated with ascites, 
and even with anasarca. According to Hoeppli it may produce carcinomatous 
changes, while Kown and his associates found new growths in the liver connected 
with this infection. 

This parasite, which for long was supposed to be practically innocuous, is 
now held to be the cause of a serious cirrhosis of the Hver, which may terminate 
fatally ; indeed, there can be no doubt of this in view of the fact that several 
thousand parasites were present in some cases. Sambuo and Baujean counted 
21,000 at one autopsy, and reckoned the total weight of the parasites at 300 grm. 

Symptoms. — ^When the infection is severe the liver becomes enlarged, 
and chronic diarrhoea, with recurring attacks of jaundice, sets in. Late 
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anasarca appears, and gradually a cachexia, resembling that of sheep-rot, 
is established, which, in the course of several years, may prove fatal. In 
lighter infections there is indigestion, epigastric distress and, sometimes, 
night-blindness (Bercovitz). The Editor investigated one case in which 
clonorcliis infection appeared to be the inciting cause of acute cholecystitis 
(straAvberry gall-bladder). 

All outbreak of cloiiorchiasis in displaced Europeans in Shanghai was described 
by Koenigstein, the origin being ascribed to pickled freshwater fish. The 
clinical picture was one of acute infection, with fever, enlargement of liver and 
eosinophilia. Eggs appeared in the fjeces within four weeks, when the clinical 
symptoms slowly subsided. 

Diagnosis. — It would be well to bear in mind this and other parasites 
in approaching the diagnosis of obscure hepatic disease associated with 
diarrhoea and jaundice in patients from the East. The discovery of the 
eggs (Fig. 187) in the stools should give correct diagnosis. Associated 
with this disease there is generally a leucocytosis of over 30,000 and 
eosinophilia of over 40 per cent. Toullec and Eiou employed the 
duodenal sound, finding large numbers of eggs in the aspirated bile, even 
when they failed to demonstrate them in the stools. 

Treatment. — The patient should be removed to a non-inf ected area 
and given nourishing food. Intravenous emetine has been found of 
little avail. Several observers (Haeck, Kinugasa and others) injected 
fouadin intravenously with some degree of success. In vitro experiments 
have shown that gentian violet, malachite green and Nile blue are lethal 
to clonorchis in a concentration of 1 in 40,000. The former dye appears to 
be most effective. 

Faust found that, in experimental cats, gentian-violet per os causes 
death of the fluke after preliminary stimulation of ovulation. About 80 
mg. per kilo weight was found to be the correct dosage. Unfortunately 
in this strength this drug appears to he toxic, though it opens up an 
important line of clinical research. 

Continuous non-surgical bile drainage has been extensively practised 
in Korea by means of the duodenal tube. It is found necessary to 
cocainize the throat to prevent reflex vomiting. As a rule, it is possible 
to altow the tube to remain in position continuously for several days. 
During the day-time bile is collected every two hours, following stimulation 
by 50 per cent, magnesium sulphate through the tube. The bile is 
examined microscopically for clonorchis eggs, and the number per 4 cu.mm, 
counted. It is however, necessary to state that this procedure does not 
remove all the eggs, but it is useful in getting rid of toxic material, and the 
results are most spectacular when the liver is enlarged and tense. Biliary 
drainage is not always harmless, and is sometimes followed by shock. 

Prophylaxis.-— Manifestly, the Chinese habit of eating raw fish should 
be deprecated. The addition of vinegar does not kill oft the clonorchis 
cysts. Animals and men harbouring the parasite should be prevented 
from fouling water, whether used for drinking, bathing, or agricultural 
purposes. The freshwater snails which serve as intermediary hosts inhabit 
the ponds in which edible fish are cultivated by the Chinese. 



CHAPTEE XLVII 


INTESTINAL PARASITES 
1. ASCAEIASIS 

Definition.— This is infestation of the alimentary tract with the round- 
worm, Ascaris lumhricoides. This worm is large and familiar ; it may give 
rise to no special symptoms save inconvenience, but may be the starting- 
point of severe complications. The worm and its life-history are described 
on p. 968. 

Symptoms. — Thenormal situation of ascaris inthebowel is the jejunum. 
There, as can be shown by skiagraphy, the worms lie motionless, curled 
up in bundles, so that the bowel can be stuffed with worms like a well- 
filled sausage. The worms ingest the barium, and their situation is 
clearly shown by the opaque outline of the intestinal tract. Toxic 
symptoms are probably attributable to ascaron, a mixture of albumoses 
and peptones. Fulleborn and Kikuth studied the allergic phenomena of 
ascaris infestation. These are well known. Some individuals manifest 
a peculiar sensibility to ascaris emanations, and entry to the laboratory 
where ascaris worms are being dissected is enough to cause conjunctivitis, 
urticaria, asthma, and even “ fever.” The skin of these people is extra- 
ordinarily sensitive to minimal doses of ascaris substance, and in a few 
minutes a red and extremely sensitive wheal is produced. The passage of a 
worm is attended by an intolerable itching at the anus and vomiting may 
cause oedema of the glottis. In children, ascaris infestation may produce 
pallor of the face, with blue rings under the eyes and sometimes interference 
with nutrition; on the other hand, the infestation may never be suspected, 
until eggs are found in the stools. 

In many instances the ascaris gives rise to no very noticeable symptoms ; 
in others it is credited with a number of ill-defined gastric and perhaps 
nervous troubles— capricious appetite, foul breath, restless sleep, peevish- 
ness, vague abdominal pains, nausea, and so forth. It may cause most 
pronounced urticaria. Sometimes the worms get into the stomach and 
are vomited, giving rise to no inconsiderable alarm. They may even 
creep up the oesophagus into the mouth, or out by the nostrils, and 
cause suffocation by wandering into the rima glottidis. When aggregated 
into masses in the mtestines they may cause volvulus, or even intestinal 
obstruction. Severe lesions of the intestinal wall have been observed 
where macerated worms have been found in the lumen. They have been 
known to enter the pancreatic and bile ducts, giving rise to jaundice and 
abscess of the liver ; to cause acute haemorrhagic pancreatitis by blocking 
the duct, especially in cases where the papilla of Vater has been 
damaged by chronic inflammation ; to penetrate the intestinal wall and 
escape into the peritoneum, causing peritonitis (in one Chinese quoted by 
Hsu, over 1,500 ascaris were removed from the peritoneal cavity) ; or to 
burrow" into the abdominal w^alls and cause localized abscess. Eggs have 
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])een demonstrated in pearl-like nodules encysted in the peritoneum and 
mesentery. The worms may invade the lumen of the appendix, which 
may be packed with eggs, and cause appendicitis. In women, they may 
invade the generative tract, and have been found encysted in the Fallopian 
tubes. In children there is characteristically a protuberant abdomen ; 
normal digestion is disturbed ; there is loss of appetite and sometimes 
insomnia. The most common complaint is intermittent intestinal colic. 
In children in Colombo, Fernando has described several acute types as 
follows : (a) toxic or cerebral, simulating encephalitis or meningitis ; 
(h) acute abdominal, mimicking appendicitis ; (c) respiratory, with sudden 
onset, dyspnoea and pyrexia. 

Although “ ascaris pneumonia ” is not often diagnosed it has often been 
suspected in West Indian negroes. In experimental animals heavily infected 
with ascaris larvae, death takes place from pneumonia after four to five days. 
The larvae, in their wanderings through the lung capillaries, give rise to consider- 
able disturbances and cause intrapulmonary haemorrhages. In North America 
pneumonia is much feared by some breeders of pigs, as the ascaris of the pig is 
very similar to, and has the same life-history as Ascaris lumbricoides. This 
ascaris is a definite biological species, as it cannot develop to maturity in man. 

Koino, a Japanese investigator, swallowed 2,000 ripe human ascaris eggs, 
Six days later he was attacked by definite pneumonia with dyspnoea, cyanosis, 
oosinophilia and pyrexia of 104° F. which lasted seven days. The syndrome of 
tropical eosinophilia seemed to be reproduced {see p. 700). The sputum was 
profuse from the eleventh to sixteenth days, and contained ascaris larvae, of which 
202 were counted. The liver was enlarged; there was congestion of the conjunc- 
tiva, and severe muscular spasms. After a period of fifty days from the time of 
infection, 667 ascaris, varying in length from 3-8 cm., were voided. It is said that 
during their migrations in the lung the larval worms may give rise to haemoptysis. 

It is estimated that each female ascaris in the bowel produces 2,000 
eggs for every gramme of faeces. 

Diagnosis. — It is well, when puzzled over some obscure dyspeptic 
condition in tropical patients, to bear the ascaris in mind. The stools 
ought to be examined with the microscope. Various concentration 
methods may be employed for demonstrating them {see p. 1083). If 
they are found, a dose or two of santonin may clear up the diagnosis 
and cure the patient. 

Ascaris infestation is usually associated with an eosinophilia, but this 
is by no means so reliable as was form'erly considered, and the Editor 
has seen heavy infestation without any increase of these cells. During the 
invasion stage, when the larvae are resident in the lungs, there is a very 
definite eosinophilia, but this diminishes as the worms enter the intestinal 
canal. In America, Jeller, Kaspari and Leathes found in European 
children an average eosinophilia of Q'S per cent, and in negro children 
about 6-3 per cent. 

Skiagraphy can be employed in diagnosis. Films taken four to six 
hours after an opaque meal display ascaris as a cylindrical filling defect, 
or as a string-like shadow produced by opaque substance which the worm 
has swallowed. As a rule, the worms are arranged parallel to one another 
in bundles. (Plate XXII.) 



ASCARIS LUMBRICOroES 

^diographic ^ appearances of Ascaris liimhricoides in the small 
intestine. Barium meal after evacuation. Note worms of various 
stages. The banuxii is retained in the intestine of the worm thus 
giving it a linear appearance. {Dr, T. V. Crichlozv). 


Plate XXII 
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The most widely employed drug for the treatment of ascaris is santonin, 
hut it is by no means as e&ctive as was formerly thought, and is apparently 
more lethal to female than to male worms, while it has been proved that 
even after several treatments the worms may not be completely eradicated. 
It is apparently effective to a limited extent when given in suppositories. 
The dose by the mouth is gr. (0*032 to 0*065 grm.) for a child, and 
8-5 gr. (0*194 to 0*324 grm.j for an adult. A good method is to prescribe 
three doses on successive nights, the first and the last dose followed by 
castor oil the next morning. 

An alternative method consists of taking santonin, gr. 5, with calomel, gr. 
2-3, on three successive nights followed by a saline purge, gss of magnesium 
sulphate, two hours afterwards. As children in the tropics are more usually 
infested with ascaris than are adults, it is necessary to adapt the dosage to 
their age according to the generally accepted rules ; it may be one quarter or 
one fifth of those stated. 

The dose is best prescribed with sugar and 3*5 gr. of calomel for an adult. 
It is more active in a mixture with castor oil such as : 

B Santonin .... gr.iv (0-259 grm.) 

01. ricin. .... Shi (10-65 ml.) 

Mucil. acao. .... (14*21 ml.) 

Syrup, simp. . . *51 (3*55 ml.) 

Aq. menth. pip. . . . Jiss (42-63 ml.) 

This is taken after fasting in the morning. 

Oil of chenopodium may be given in a mixture with liquid paraffin 
(one ounce) or in capsules. The maximum adult dose is 24 minims 
(1*421 ml), and is usually given in two portions of 12 minims each within a 
quarter of an hour. Capsules of oil of chenopodium usually contain three 
minims each of the drug. Eight of these should be given early in the 
morning, in two portions of four capsules each. Jeliffe (1950) warns that 
this drug may cause fatal liver damage in African children. Castor oil is 
contraindicated. 

Tetrachlorethylene is given as for ancylostomiasis, with the same 
precautions {see p. 809). It is given alone, in capsules, in syrup, or with 
liquid paraffin in doses of one drachm for an adult and proportionately less 
for children. It should be preceded the night before and followed by a 
dose of salts such as half an ounce of magnesium sulphate. 

Combined treatment, oil of chenopodium together with tetrachlorethylene, is 
efficacious. They may be given together in a mixture, as in ancylostomiasis, 
but it is probably best to give the tetrachlorethylene on one day, and the oil of 
chenopodium on the following. The worms, when expelled, are always dead and 
sometimes disintegrated. It is important to warn the patient that they may not 
appear in the dejecta for two, or even three days, after completion of the treat- 
ment. Fatalities from carbon tetrachloride treatment, as formerly prescribed, 
in ascariasis have been reported, probably due to blockage of the bowel or of 
the bile-ducts by masses of dead worms. 

Hexylresorcinol. — ^In America this drug has come into favour as a vermifuge 
for ascaris. Crystals in gelatin capsules, or sugar-coated pills, are given by the 
mouth in doses varying from 0*1-1 grm. three times daily, according to th© age 
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of the patient (0*1 ^nn. for eaeli year up to ten). The drug should be given on an 
empty stomach and should be followed by a saline purge. «This is the treatment 
of choice in heavy infestations, where it is advisable to kill off the worms slowly 
and to avoid toxic absorption. 

Pereira (11)40) prefers hexylresorcinol in mass treatment in country districts as 
a single dose is sufficient. (The compound, 2-ethyl -4 -ehloro-6 -hexylresorcinol 
appears to be more active.) 

Hetrazan citrate. — Louglilin and colleagues have established that this 
drug is the anthelminthic of choice for ascaris ; 91-94 per cent, of worms were 
removed in worm bundles of as many as 220. 

Tablets arc given in doses of 0 mgm. per kg. three times daily for five days. 
The best method, however, is a syrup of het-razan in doses of 13 mgm. per kg. on 
the first day and 20 mgm. per kg. on tlie setuind and third days, or, alternatively, 
in single doses of 1 3 mgm. kg. for four days. Hetrazan has no effect on other 
intestinal nematodes or eestodes. Tlu'se results have been confirmed by 
Oliver-Gonzalcz and others. 

Prophylaxis, — The prophylaxis of ascariasis is ('sseniiiilly one of 
efficient sanitation, and same ])nncipl(‘S apply as in ancylostomiasis. 
Vegeta])l(^s grown by native gardeiuu’S who nsc^ night soil as manure form an 
important source of infcwlion. Thi^ })it latrine is the most valuable method 
of j^ght soil disposal, and it has IxHm found that ilio ascaris eggs are all killed 
in six inonl-lis. Kimeran^ a coal-tar j)r(‘paraiion containing organically 
combined sulphur, has been found effective in killing off ascaris eggs, 
and is useful for latrines in the tropics. Ascaris prevalence constitutes 
the most sensitives nic^asiire of (‘Hicicniti sanitation. Only, when 100 per 
cent, of ih(^ po})ulaii()n us(^ laiiritU'S ri^gnlarly, can any ai)pi‘(^ciablo effect 
on the amount of ascaris inf (‘Station b(^ observed. 

TmonTuiirASis 

Trichuris tnehium, the whipworm (.w. p. 984), is a very common intestinal in- 
festation in the tropics and is a constant cau.se of eosinophilia. Although generally 
asymptomatic, Craig and Faust cix pirns tln^ view that (‘xc^ptionally heavy infec- 
tions may suggest ancylostomiasis. The most important signs arc diarrhoea, 
blood-streaked stools, weakness, pallor, einaouatiou, anannia and abdominal 
distension. Getz has examined such subjocstH by Higmoidoscopy and finds the 
whole wall of the lower descending colon and sigmoid covered with a coat of 
living w'orms. Jung and Jeliffb (1952) consider that the clini(!al picture is closely 
related to the number of worms present in the bowel. Pain and discomfort 
referred to the right lower quadrant of the abdomen is constant. Hyperinfoction 
with these worms eventually results in rectal prolapse when the worms may be 
actually seen attached to the prolapsed bowel. It is estimated that a worm load 
of 1,000 worms produce 100 eggs per 2 mgm. of fmees. 

Trmtmmt of this infestation is not very satisfac^tory. Kouri and his colleagues 
in Cuba claim that the best succ,ess in expelling the worms is by milk extracted 
from various species of Ficus ( F. glabmUi, or F. laurijolia) and this is known as 
Leohe de Higueron. Extracts too from the pawpaw {(Jarica papaya) are also 
recommended. Retention enomata of I : 300 hexylresorcinol (one pint), 
suspended in 10 per cent, solution of barium sulphate, have also been recom- 
mended. This should bo retained for l-l hour. The buttocks and thighs 
should be given a protective coating of petroleum jelly to prevent burning of 
the skin by hexylresorcinol. On the day before the patient is given a liquid 
diet and an evacuating enema at 9.0 p.m.; chloroquine (aralen) by mouth and 
suspended in retention enemata is said to give good results. (Basnuevo.) 
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II. ANCYLOSTOMIASIS! 

Synonyms. — Uncinariasis; Hookworm Disease ; Egyptian Chlorosis. 

Definition. — A disease in its more pronounced forms characterized 
by great anaemia, debility, and cardiac incompetence, due to blood 
destruction by Ancylostoma duodenale and Necator aniericamtSj nematodes 
which inhabit the small intestine, and may be present in enormous numbers. 
The ancylostome amounts to a positive curse in many tropical countries, 
on account of the dangerous cachexia — ancylostomiasis — to which it 
gives rise. 

History. — The worm, now known as Ancylostoma duodenale^ was first 
recognized by Dubini in 1838, and in 1843 he published a detailed account of 
it, but apparently did not recognize its pathogenic importance. Bilharz (1853) 
and Griesinger (1854) connected the parasite with the extremely severe chlorosis 
prevalent in Egypt, but it was not until the very fatal epidemic of anaemia 
among the miners in the St. Gothard Tunnel (in 1880) had called the attention 
of European observers to the subject, that the importance of this parasite as 
a pathogenic agent began to be properly apprehended. 

Geographical distribution. — The ancylostome has been found so 
videly diffused that it may be said to occur in all tropical and subtropical 
countries. It occurs in Belgium, and was found by Haldane to be the 
cause of an epidemic of severe anaemia in a Cornish mine. In northern 
countries it is rare ; but it is abundantly present in the south of Europe, 
and in the tropical and subtropical regions of Asia and America. It is 
especially prevalent in E^^j Siam, South China, and Malaya. In India, 
Ceylon, and the East Indies it is a source of grave disability in plantations, 
mines, etc. It occurs abundantly on most of the Pacific islands, and 
exists in North and South Queensland. 



Fig. 188.— Ancylostoma duodenale. 

Nat. size. {DubinL) 

a, Male ; female. 

.etiology (Pig. 188). — ^The normal habitat of A, duodenale is the smafi 
intestine of man, and particularly the jejunum ; less so the duodenum, rarely 
the ileum or lower reaches of the alimentary canal ; very occasionally, it is found 
in the stomach. In these situations it attaches itself by means of its powerful 
buccal armature to the mucous membrane, from the blood of which it obtains 
a plentiful supply of nourishment. It is supposed to shift its hold from time 
to time, the abandoned bite continuing to ooze blood for a short period. It 
is said to be very prodigal of the blood it imbibes, the red corpuscles passing 
through its alimentary canal xmchanged, and the plasma alone being utilized. 

‘ The male and female ancylostomes — ^present generally in the proportion of 
one of the former to three of the latter — do nob differ so much in size as do many 
of the other nematodes. The male (Pig. 188, a) measures 8-11 mm. by 0-4-0-6 
mm. ; the female (Fig. 188, b) 10-13 mm. by 0*6 mm. 

Necator americanus closely resembles A, duodenale, but is shorter and more 

1 A complete bibliography on this disease has been published in a volume by the Bockefeller Foundation 
International Health Board. Publication No. 11. 
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slender {see Appendix, p. 973). At first it was thought to be confined to the 
American continent, but it has been found by Looss and others in pygmies 
from Central Africa, and by others again in Khodesia, India, Ceylon, Fiji, the 
Philippines, and elsewhere. Near Darjeeling in India it is found as a pure 
infestation (Lane), w'hilst in Egypt A, daodenale occurs alone. 

The life history of these two parasites is identical. 

BeprodncHon and mode of injeclion . — The female ancylos tomes produce 
a prodigious and never-ending stream of eggs, which pass out in the faeces. 
In the leody of the host the development of the embryo within the egg 
does not advance very far ; but on leaving the human host it proceeds, 
in suitable circumstances, so rapidly in the egg that in one or two days a 
rhabditiform embryo is hatched. Tliis minute organism is very active, 
voraciously devouring what organic iTiattor it can find and, for a week, 
grows rapidly and moults twice. After the second moulting it passes 
into a torpid condition, in which it ceases to oat, and growth is suspended. 
In this state it may live for weeks or months, moving about more or less 
languidly in mud, or in damp earth, but it is rapidly killed by drying. 
It is said that it may also enter drops of dew on blades of grass. Cort 
and others demonstrated that tho larvne lose their sheaths while living in 
the soil, and continue to exist unsheathed. Arrived in its final host, 
after moulting again at tho end of five weeks, it acquires sexual characters 
and the permanent adult form. 

Infestation is aided by indiscriniina-h^ (hdaicalion, moist loamy soil, 
adequate shade and bare feet. There is special danger in badly-used or 
badly-constructed latrines and infected soils in ])lantations and gardens. 

Looss demonstrated that tho larvae reac.h tho intestinal canal by boring 
their way through th(^ skin. From tlu^ subcutaiumus tissue they enter 
the blood-vessels and lymphatics, and by this channel are passively 
transferred to the lungs. Here they leave the capillaries, enter the air- 
vesicles, and thence along tho bronchi and trachea pass into the oesophagus, 
and so to the stomach. 

The duration of the life of A. dmdenale in the intestine has not been 
determined ; some state it in months, others in yi^ars (Sonsino) — one to 
three. The Editor has reported one case in which the life span 
was proved to be seven years. On account of liability to reinfestation, this 
point — an important one in prognosis — is difficult to determine. 

The exact number of ancylostomes necessary to produce symptoms 
has exercised much attention. Some consider that 100 are necessary to 
produce pathogenic effects and that 600 to 1,000 worms must be present 
for at least six months to produce well-marked hookworm disease. Others 
believe that very few ancylostomes, ten or so, may affect the general 
health and working powers. 

According to Lane, the egg-laying capacity of a single female anoylostome 
is about 30 eggs per ml. content of fseces per diem. Sweet, as the result of 
his studies in Ceylon, concluded that the average Cingalese has an intensity 
rate of hookworm infestation of 2,200 eggs per grm. “ basis-formed faeces,” or 
as representing approximately one hundred ancylostomes. It is estimated 
that 63 per cent, of people have what is classified as “ hookworm disease,” the 
remainder being merely “ carriers of worms.” 
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In four persons from whom the worms were recovered the average egg-output 
per day for each female worm was 28,080. Relatively it appears that the egg- 
count falls as the worm -count rises. 

Pathology. — The exact role of the ancylostome worm in the production 
of anaemia is by no means settled. The following theories have been put forward 
of the causation of anaemia : 

(o) Chronic loss of blood. 

(i>) Absorption of specific toxin. 

(c) External conditions, such as diet and general hygiene. 

{d) The damaged gut may play a role through repeatedly renewed 
bacterial infection. 

On the whole, evidence points to the dietetic factor as playing the chief 
part in the reaction of the human body to this infestation. As already mentioned, 
the bodies of the victims of ancylostomiasis are not wasted ; on the contrary, 
there is plenty of fat in the usual situations. The appearance of plumpness is 
further increased by a greater or lesser amount of general oedema. There may 
be effusions in one or more of the serous cavities. All the organs are ansemic. 
The heart is dilated and flabby, its muscular tissue being in a state of pronounced 
fatty degeneration. The liver also is fatty, and so are the kidneys. 

If the post-mortem examination be made within an hour or two of death, 
the ancylostomes, in numbers ranging from a few dozens up to many hundreds, 
will be found still attached by their mouths to the mucous surfaces of the lower 
part of the duodenum, of the jejunum, and perhaps of the upper part of the 
ileum ; but if the examination has been delayed for some hours the parasites 
will have loosed their hold, and are then found lying in the mucus coating the 
inner surface of the bowel. Many smaU extravasations of blood — some fresh, 
others of long standing — are seen in the mucous membrane, a minute wound 
in the centre of each extravasation representing the point at which a parasite 
had been attached. Sometimes, blood-jfiUed cavities, as large as filberts, are 
found in the mucosa, each cavity enclosing one or two worms and, probably, 
communicating by means of a small hole with the interior of the intestine. Old 
extravasations are indicated by punctiform pigmentation. Vesiculations and 
thickening of the mucosa may be evidence of a greater or lesser degree of catarrh. 
Occasionally, streaks or large clots of blood are found in the lumen of the bowel. 
The hookworms are thought to inject toxins from their oral glands ; they 
certainly secrete some anti-coagulant substance. The actual sucking of blood 
is the most important factor, added to the fact that the worms frequently move 
from spot to spot. The iron-grey colour of the worms is due to the deposition 
of hsemosiderin granules in their intestine ; sometimes they are red from freshly 
imbibed blood. 

In acute cases eosinophilia is high, but gradually diminishes. Achlorhydria 
is comparatively common. In the chronic form of the disease the Van den 
Bergh reaction is negative. The average red cell count is 2,900,000 per c.mm., 
and the hsemoglobin 37 per cent. (Haldane). The average diameter of the red 
cells is 7 *44 jLt with reticulocytes less than 1 per cent. The hsemoglobin deficiency 
is not really as gross as suggested, because there is considerable increase in 
blood volume and the reduction in total hsemoglobin is much less than that 
suggested by the percentage figure. The average total blood-volume is 79*5 
ml. per kg. body-weight (normal 85 ml.) ; the average plasma volume in ancylo- 
stome flnfPTnifl. is 62*6 ml. per kg. (normal 50 ml.), so that the diminution of the 
total blood- volume can be accounted for entirely by the diminution of the red 
blood-corpuscles. The blood-picture is therefore that of a secondary microcytic 
anaemia, which is to a great extent curable by iron therapy. 
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Microscopical examination of the liver and kidneys shows the presence, within 
the cells of the parenchyma, of grains of yellow^ pigment having the • reactions 
of hsemosiderin. The bone marrow is hyperplastic : erythropo'iesis being 
dominant. ® 

Symptoms.— There may be dozens of ancylos tomes in the intestine 
without any appreciable anmiuia, or, indeed, symptoms of any description 
whatsoever. Grave symptoms are the excerption. It is important, there- 
fore, to avoid concluding that the ancylostome is the cause of every 'patho- 
logical condition with whicli it may chance to concur. 

On the other hand, many inhabitants of trojneal and subtropical countries 
are in a state of chronic starvation. Living on coarse, bulky, innutritions 
food, they are liable to dilatation of the stomach and dyspeptic troubles. 
Any additional causer of malnutrition, such a,s a swti,nu of aucylostomes 
and a daily tliongh perhaps small loss of blood, may bo siilhcient to turn 
the scale against them. In those countries, as elsewhere, there are many 
who live just on the borderland betweem bcuilth and disease ; to such 
the ancylostome may prove “ the last siiraw tJiat breaks the camel’s 
back.” It is eviderit that, as a complication of ly])hoid, of kidney disease, 
of dysentery, of malaria, in fa.ci of any (diroii'ic or oxliaiistiiig disease^ 
the importance of this aiimmia- producing parasite cannot bo ignored. 

The practitioner in the tropics, therefore, must bo constantly on the 
look-out, in all castrs of anarmia, dyspepsia and debilitated conditions 
generally, for the aiioylostoino. He must hoar in mind that this parasite, 
if permitted to remain in the iniestim^ for any hmglb of t.inu^, may he the 
cause not only of remediable amomia, but of ir'rc^nu'diablo aniomia-produced 
degenerations of various organs. On this account, also, its early recognition 
becomes a matter of tla^ first impuriance. It lias boon pointed out by 
many observers that ancylostomiasis is the source of considerable surgical 
risk, not only in rendering the operative prucoduro more difficult, but also 
in retarding convalescence. It is also said to inen^aso the risk of delayed 
chloroform ^ poisoning. Whenever possibb, anthelminthic treatment 
should be instituted before operation, ospocially laparotomy. 

Further, ancylostomiasis is an important disease from the standpoint 
of the employer of native labour. The invaliding and inefficiency which 
it causes among coolies, not to mention the deaths, are often a serious 
financial matter to the planter and the inincownor. To them any wisely 
directed expense or trouble undertaken for the treatment and control 
oi this helminthiasis will be abundantly repaid by tlio increased efficiency 
of the labourer. 

-'The essential symptoms of ancylostomiasis arc those of a progressive 
aneeinia— an’ancemia which is generally associated with dyspeptic trouble, 
but which, in uncomplicated cases, is not associated with wasting. If 
the progress of a case be unchecked, serous effusions and fatty degeneration 
of the heart ensue, and death may occur from syncope or from intercurrent 
complication. Gklema may be localized, or thc^rii may bt^ giuieral anasarca^ 
Most commonly it is confined to th(^ face or h^gs. 

Hill and Andrews (1944) consider that those patients with signs of 
cardiac abnormalities are in fact suffering from nutritional complications^ 
whilst Heilig has pointed out the difficulty of differentiating between 
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decompensated mitral disease with right heart failure and cardiac lesipns 

induced by ancylostomiasis. ^ 

^ V 

There is a decrease in the total plasma protein and plasma albumin, with 
increase of globulin. The albumin-globulin ratio is usually less than one. The 
oedema is due to reduction of colloidal osmotic pressure due to decrease of 
albumin, which, in turn, is the result of deficient absorption. 

Ground itch or ancylostome dermatitis is usually the first symptom 
noted [see p. 813), but one of the earlier is pain or uneasiness in the 
epigastrium. This is generally increased by pressure, but for the time 
may be relieved by food. In some people it may produce an acute and 
ever-present epigastric pain, which closely resembles duodenal ulcer and 
may often be mistaken for it. XChe appetite, sometimes defective, is more 
often ravenous, though its gratification is apt to give rise to dyspeptic 
trouble of various kinds — to coHc, to borborygmi, and perhaps to 
diarrhoea of imperfectly digested food. Constipation* may be present 
in some instances, irregularity of the bowels in others. The taste may be * 
perverted, some patients eijdiihiting and persistently gratifying an un- 
natural craving for such things as earth, mud, or lime — what is called pica 
or geophagy. The stools 'sometimes, though rarely, have a reddish-brown 
tinge from admixture of half-digested blood. Sometimes they may 
contain small flakes of blood-tinged mucus. Pure blood is seldom passed ; 
and an extensive hsemorrhage, unless there he concurrent colitis, is rare, 
although, 'post mortem, quantities may be found in the small intestine. In 
the quiescent period the occult blood test is positive. Fever of an irregular • 
intermitting, or even a subcontinued type is common. On the other hand, 
the temperature may be constantly subnormal, or these conditions may 
alternate. After a longer or shorter time, symptoms of profound ansemia 
gradually disclose themselves. The mucous surfaces and the skin become 
pallid, the face is puffy; and the feet and ankles are swollen! All the 
subjective symptoms of a definite anasmia now become more and more 
apparent ; there are lassitude,* breathlessness,* palpitations; tinnitus, ’ 
vertigo, dimness of vision, mental apathy, depression and Habihty to 
syncope. The circulation is irritable, and haemic bruits can be heard over 
the heart and larger blood-vessels. Ophthalmoscopic examination may 
reveal retinal haemorrhages. 

Some of these symptoms, were it not that with the advancing anaemia 
there is no loss of weight, might suggest the possibility of tuberculous or 
cancerous disease or Bright’s disease. Though haemocytometric estimates 
testify to a slow and steady fall in the blood corpuscles until the lowest 
limit compatible with life is reached, there is no true poikilocytosis as in 
idiopathic pernicious anaemia, no excessive leucocytosis as in leukaemia, 
and not necessarily any enlargement of lymphatic glands, liver, or 
spleen. There is generally a marked eosinophilia of about 7-14 per 
cent., though in rapidly fatal cases these cells tend to disappear. The 
depression in the haemoglobin value of the corpuscles is considerably 
greater than the fall in their number. 

The rate of progress is very different in different cases. In some, a 
high degree of anaemia, and even death, may result within a few 
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weeks or mouths of the appearance of the first symptoms. Such rapid 
cases are rare ; more frequently the disease is exceedingly chronic, ebbing 
and flowing, or slowly progressing, through a long series of years. Acute 
cases devt'lop terminal diarrlnea with passage of much mucus and 
occasionally, blood, and are apt to be iihstalcen for various forms of 


dysentery. 

Should such serious ancylostomiasis occur before puberty, the growth 

and development are apt to be delayed 
, stunted (Fig. 189). 



Fig. 189.— Ancylostomiasis in a 


There appears to be some reason for 
the belief that after generations of 
exposure to this infection a certain degree 
of tolerance is attained. 

It is not surprising that the severe 
nutritional changes associated with an- 
cylostomiasis affect the mental powers 
of an afflicted population. Prolonged 
exposure in ilio Pjuropoau has led to the 
])rt)ducl.ion of a race known as the “mean 
white,” stuntcnl both in menial and in 
pliysical capacity. In Jamaica, in dis- 
tricts where the whole population suffers 
from ancylosijomiasis, not only are the 
people intensely indohuit, but they are 
also predisposed, on this account it is 
said, to larcmiy and other crimes. 

The practitioner in tho tropics should 
always bo on tho look-out for subacute 
infestations in Europiums on plantations 
and in mim^s. This does not apply solely 
to the men, but to their wives and 
children as well. Minor degrees of anaemia, 
an undue tendency to fatigue, lassitude 
and digt^si-ive disturbances are to be 
ascribed to tliis infestation, oven where, 
from the habits of the patients, it might 
not be suspected. In Europeans un- 
doubtedly the infestation may take place 
via tho mouth and alimentary tract, but 
European childriui who are apt to play 


South American Indian boy, 
showing stunted growth, char- 
acteristic facies, and protuberant 
abdomen. {By 'permission of 
the Rockefeller Foundation.) 


in sand, often used as a site for defjecation 
by mitives, become infested in the usual 
way, via the skin. 

Ancylostomiasis and pregnancy. 


— Wickramasriya found that hookworm 
disease exerts a deleterious influence on pregnancy, and that in heavily 
infested districts it is the most common cause of repeated abortions 
and miscarriage. Moreover, a heavy maternal and fcetal mortality is 
associated with it, and early interruptions of pregnancy and neonatal 
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deaths are also included among its effects ; it is estimated that the combined 
fcetal and infantile mortality from this cause is almost 60 per cent. In the 
absence of skilled treatment, the chances of a successful pregnancy are 
remote, if the hsemoglubin percentage has fallen below 60 at the com- 
mencement. Women who are heavily infested show a predisposition to 
toxaemias, such as pre-eclampsia and nephritic toxaemia. 

Impaired renal function is an outstanding feature in the majority of 
expectant mothers suffering from ancylostomiasis. They must be regarded 
as persons with a lowered renal reserve who may enter into the stage of 
“ decompensated impairment of renal function with the onset of gestation. 
There exists great danger of death from post-partum shock, if the haemo- 
globin percentage has fallen to 30 or under at the time of labour. Fisk 
found numbers of A. diiodenah in the intestine of a child a month old who 
died of this infestation. 

Diagnosis. — Provided it is suspected, ancylostomiasis is easily 
diagnosed. In tropical countries, in patients coming from tropical 
countries, and in miners who work in very warm mines in cooler climates, 
anaemia with concurrent eosinophilia should always suggest a microscopical 
examination of the faeces {see Appendix, p. 1081). The dyspeptic symptoms 
may simulate those of duodenal ulcer and it has been noted that 
sometimes free acidity shows a higher rise than that usually observed 
and that high levels may be maintained in spite of varying degrees of 
severe anaemia. If the eggs of A. duodenale or of N, amencaniis are dis- 
covered, and no other reason for the anaemia is made out, the presumption is 
that one or the other of these parasites is responsible ; at aU events, no 
harm is likely to result from treatment based on this supposition. On the 
other hand, if no eggs are found, it must not be concluded that the case is 
not one of ancylostomiasis; for sometimes, in the later stages of the disease, 
symptoms will persist although the parasites which caused them in the 
first instance have disappeared spontaneously, or have been got rid of by 
treatment. The usual method of diagnosis by microscopic examination 
of simple smears of stools does not convey a quantitative idea of the 
severity of the infestation. The grade runs from one to a thousand or 
more worms. Faecal diagnosis has been rendered more accurate by the 
method of Clayton Lane, known as the flotation concentration method 
(see pp. 1082-1083), and by other techniques. In the majority of cases a 
test for occult blood in the faeces is positive, and Charcot -Leyden crystals 
are frequently found. 

Treatment 

General statement. — Several forms of treatment have been intro- 
duced for killing and expelling the ancylostome worms. These drugs 
necessarily contain a toxic principle, and considerable care should be 
exercised in their administration. 

I. Oil of chenopodium {Ghenofodium antliehmniioum = goose- 
foot, wormseed, “Jerusalem Oak ”). The active principle against ancy- 
lostomes or ascarides is ascaridole (45-70 per cent.), 0ioHi6O2, which is 
unstable, but which in 1 in 10,000 of oil kills the worms. It has a sharp, 
burning, nauseating taste, and is put up in hard gelatin capsules. The 
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absorption of tliis substance is very rapid, and in toxic doses it causes depres- 
sion of the respiratory centres. Excretion of ascaridole takes place mainly 
through the lungs. It is to bo used with caution in cases with cardiac 
hepatic, or visual disorders, and is detinitoly contra-indicated in pregnancy^ 
nephritis, organic heart disease, hepatic dysfunction and intestinal ulcera- 
tioin The maxinmni dose which can bo given with safety is 3 ml. in three 
gtlaiiiii capsules of 1 ml. t‘ach at iiii.(‘rva.ls of om‘ houi’. It is well tolerated 
by healthy individuals in liospii.al. Eor routine Iho dose is 1*5 ml. (24 
min.) in capsules containing 3 niiniins (0-177 ml.) each. Eight of these 
capsules should be given — in two lots of four capsules at an interval of 
half an hour. For cliildron, the dose should bo 1 min. for each year of 
age up to 16. The drug should bo administered throe hours after a light 
meal. A quarter of an hour after it a. strong saline purge (sodii sulph. J oz.) 
is given, with the object not only of washing tho imabsorbed portion of the 
drug out of the intostiiio, hut also oi’ oxpolling t,lu^ partially paralysed 
worms. Some prober castor oil, l)ut otliors consider that it tends to increase 
the absorption and add to tho toxicity. A ropotitiou of oil of chenopodium 
treatment should not be uiult^rtakon iu li^ss t.han a wotde. 

Probably oil of cliGnopodiiim is more effoctivo against Necalor amencanus 
than against A. duodenale. 

II. Carbon tetrachloride — iatmohlmmethane, ieimjorm), a drug 

closely allied to clilorotorui, was originally introdaccul by Hall as a 
vermifuge and has b(‘en found suitable for the mass treatment of 
ancylostomiasis, but has now to a. gn‘a.t (^xtinit Ixmu) supcu’stMlod by tetra- 
chlorethylime. 

Carbon tetrachloride is used as a solvent in rubber, (jlumiical, pharmaoeutica, 
and paint industries, as a cleansing agent, as lin‘-extinguishcr, instHiticide sprays 
and soap solutions. It has also Ix^cu us('<l as a hair shampoo. It is a colourless, 
volatile, chloroform -like liquid with a ])lea.sant ([uince-like odour and a specific 
gravity of l-C. Jt is slightly soluble iu waku-, and fr(-(4y iniseibk* in alcohol, oils, 
and other substances. Whcui manufactured by chk>rination of carbon 

bisulphide, it may contain traces of the lathn* drug. It exerts a preliminary 
burning effect on the imujons meml)ran(‘, followed by ainesthc^tization. On ex- 
posure to light and air, carbon t(‘ti‘achloride slowly oxidizers with the formation 
of poisonous substances, pfmgeM or carbonyl chloride, (CJOOla), and it should there- 
fore be kept in dark and tightly stoppere(l bottles. Absorption occurs from the 
stomach and intestines, but after large doses most of the drug is passed out in 
the faeces, combined with fats and fatty acids. Absc)r})tion in tho body is by the 
lymphatic and portal routes, ])rodueing dizziness and drowsiness. Absorption 
may be followed by signs of liver damage. ; jaimdiee may be seen on the second 
day after administration. Oaleium chlorid(^ in full dosc^s has a marked effect in 
controlling toxic syniptoms. Actite ear}>on tot rac^hlo ride poisoning produces a 
board-like rigidity of tho abdominal w'all, and may resemble an acute abdomen, 
but the more usual signs are those of aeuk^ liver necrosis whkii may simulate 
yellow fever. Chronic*, poisoning res(uubl(‘.s delaycid (jhloroform jioisoning with 
nephritis, oliguria, jaundices vomiting and diarrhoea. 

In ordinary anthelmintic doses the hepatic injury is not sufficient to produce 
noticeable effects, but toxic signs are specially notiet'^able when there is con- 
tamination with ethylene dichloride. Continued small doses may produce 
hepatic cirrhosis. Recent work indicates that the loss of ionized calcium and 
retention of guanidine are factors in tho intoxication, interfering with normal 
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metabolism. Guanidine accumulates in the blood. Indications are, therefore, 
for a diet rich in calcium and carbohydrates, though poor in fats and proteins. 
Alcohol must be avoided. Where any anxiety on behalf of the patient is aroused, 
glucose, one drachm, frequently by the mouth or in 5 per cent, intravenous 
injections, is indicated. It is also useful to administer calcium lactate in full 
(30 gr.) doses the day before treatment to increase the calcium content. Calcium 
chloride is useful in controUing symptoms. Best in bed is not absolutely essential, 
though advisable in enfeebled persons. The after-symptoms are drowsiness, 
giddiness and headache. Toxic amblyopia has been recorded. 

Carbon tetrachloride acts directly on the helminths and will remove 95-99 
per cent, of aU Necator americanus in a single treatment, but is less effective for 
-.4, duodenale. 

The dose for an adult is 1 dr. (3*5 ml.) taken in hard gelatin- coated capsules, 
each containing 30 min. (1*776 ml.) of carbon tetrachloride, after a partial 
fast of eighteen hours without preliminary purgation. A saline purge (sodie 
sulph., ^ oz.) is necessary 15-20 minutes after the drug, and an enema of hot 
water is usually required to empty the bowel. The treatment is best commenced 
at 8 a.m. and one-half of the total dose is taken after a quarter of an hour interval. 
The drug can be given to pregnant women, in whom oil of chenopodium is contra- 
indicated. The minimal dose for children is 3 min. (0-2 ml.) and it should be 
increased by that amount for each year of age up to maturity. Many cHnicians 
find it pleasanter and safer to give the aperient together with carbon tetra- 
chloride, 3 ml., in castor oH, 15 ml. 

li is important to note that not all the dead ancylostome worms are found in the 
first stool passed ; they may continue to appear for three days after treatment. 
Similarly, the eggs of the parasite are held up in the folds of the intestinal 
mucosa and can be found in the fseces for at least a week after effective treatment 
has been completed. 

III. Trichlorethylene (CHCl : CClg) in doses of one drachm (3*55 ml.), 
which has a pleasanter taste and odour than carbon tetrachloride, is equally 
potent and safe, and is given the same way. On exposure to light, phosgene is 
apt to be generated, and this drug should always be stored in amber-tinted 
ampoules. If iuhaled in an unrefined state, it acts as a lung irritant. The 
refined product, trilene, is used as an ansesthetic. 

IV. Tetrachlorethylene (C2CI4) is soluble to the extent of 1 part in 
10,000 of water. It is preferred to carbon tetrachloride by many, as having a 
pleasanter taste and being equally potent and much safer. It has been given by 
Soper to adults in doses of 1-6 ml. combined with 0*8 ml. of oil of chenopodium. 
Maplestone gave 4 ml. to men under 140 lbs. in weight. It may be given without 
excipient and may be mixed directly with a purgative, such as sodium sulphate. 
The dose for children is 2 ml. As a general rule it is dispensed in the same way 
as carbon tetrachloride and is subject to the same precautions. 

V. Combined treatment. — It is generally admitted that combined 
treatment with tetrachlorethylene and oil of chenopodium is more 
efficacious than the use of either drug alone. The two mix readily. The 
dose recommended is 2 ml. (min. 34) of tetrachlorethylene with 1 ml. 
(min. 17) of oil of chenopodium made up to 28*42 ml. (one fluid ounce) 
in liquid paraffin. The same precautions being taken, it may be given 
in one dose or in two halves. Tetrachlorethylene and oil of chenopodium 
treatment can also be given on two consecutive days. Sodium sulphate, 
J oz. in a tumblerful of water, should be taken one hour afterwards. 
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The following is a practical and easily tolerated method of administering 
both drags : 

(1) Starve overnight. 

(2) 8.30 A.M. : 2 capsules (gelatin) of oil of chenopodium of 7-5 mins. each. 

(8) 8.45 A.M. : t(‘trachlorethyleno, 40 mins. (Pour capsules of 10 mins'. 

each.) 

(4) 9.0 A.M. : mag. sulph. 4 drachms in water. Stools should become liquid 
within four to sixteen hours. If not, mag. sulph. must be repeated. 

Ancylostome eggs may be passed in the faeces for six days after effective 
treatment. If they persist beyond this period, the course should be 
repeated. 

It is hardly possible tn gcd. luitive paiieni.s iuln hospital for treatment 
so that systt'uis of tr(‘atnH‘nt. to be complett'd al. one sitting may have to 
be devist‘d, e.g., the anihdininilc may bt^ followc'd in half an hour or so 
l)y a dose of sails. 

VI. Hexylresorcinol, 1 : 3 dihydroxy-4-hexylbenzol, is a white, 
waxy, crystalline substance, sparingly soluble in water, but exceedingly 
so in alcohol or vegetable oils. Introduced as an anthelmintic by Lawson 
Ward and Brown, it is givc^n in hard gelatin capsules or crystoids. 

Give a light evening meal consisting of soft foods only, and the following 
morning give the dose on an empty doniaeh. The dosage for adults and children 
over twelve years of ago is 5 pills ; for children of eight to twelve years, 4 pills j 
six to eight years, 3 pills ; under six years, 2 pills, 0*2 gnn (3 gr.) each, with a 
glass of water. No food of any kind .should bo taken for at least four hours after 
treatment. Water may bo taken freely, but alcohol is definitoly contra-indicated. 
The patient may go about his tiaual ocuuipation immediately after treatment and 
eat what ho likes at the end of four or five hours. A saline purge should be given 
tw’-enty-four hours after treatment to remove the dead worms. 1 lie patient may 
continue to pass worms for as long as ton days or two w'coks after this single dose. 
If instructions as to food are carefully followed, otm dose is usually sufficient. 

Ro-treatment is sometimes necessary because of ro-infostation, or because the 
patient has not followed instructions about food. Troatniont should only be 
repeated after two weeks, if eggs are still present in the focoos. Unlike most 
anthelmintics, this product will successfully oliminato roundworms {Asoark 
luynhricoides), hookworms and possibly also threadworms. 

In crystoids the crystalline hexylresorcinol is gelatin- covered. If the gelatin 
covering becomes broken the drug may cause irritation and burning pain to 
oral and oosophagoal tissues. To avoid this, the crystoids must he swallowed 
whole with a glass of water ; under no circumstances must the patient crush or 
chew them. 

^ Convalescence. — The dieting of convalosoonts from serious ancylostome 
disease must, for a time, be very carefully conducted. A rich, full dietary 
is to be avoided until the powers of digestion have become re-established; 
otherwise, enteritis and diarrhcjea may prove very troublesome and retard 
recovery. The anasmia responds to large doses of iron — ferrous sulphate- 
in doses of 24-36 gr. daily for throe weeks, or even longer. Azmy and 
Zanaty recommend small blood transfusions, 200-800 ml., which induce 
an increase of polymorphonuclear leucocytes and red blood corpuscles; 

In cases of severe anaemia it may be wise to give a preliminary course 
of iron, vritb a generous and balanced diet, before administering the 
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anthelmintic ; in these cases full doses of tetrachlorethylene should be 
given with caution ; it may be better to give a dose well below the toxic 
level and to repeat it as the patient becomes stronger. McFadzean and 
Wong (1953) insist that in Chinese patients with extreme anaemia it is 
better to treat the blood condition first, leaving the worms for the present 
in situ. Intravenous saccharated oxide at a concentration of 20 mgm. Fe per 
ml. {Ferrivenin) were given in doses of 50 mgm. on the first day, 100 mgm. 
on the second and 200 on the third and subsequent days. The oedema 
disappeared, enlarged cardiac shadows became normal, cardiac murmurs 
disappeared and previous^ palpable livers became impalpable. By the 
mouth they gave 1-5 grm. ferrous sulphate with 150 mgm. of ascostic 
acid in divided doses daily. The patients improved, but the haemoglobin 
rose more slowly. Ferrous sulphate must be given in large doses — such 
as 1 -3 grm. dissolved in dilute HCT with glucose and given in lemonade 
with 100 mgm. of ascostic acid in mass treatment of ancylostomiasis. 

Assessing results of treatment.— Under ideal circumstances all stools 
passed after treatment should be collected, diluted with warm water, 
vigorously broken up and stirred, then filtered through a fine-meshed 
sieve (25 meshes to the inch). The defunct or stupefied worms may be 
picked out with forceps from the sediment. This process is facilitated by 
transferring it to a black photographic tray. A soft brush is used to scatter 
the particles. On account of their grey colour they are difficult to discern, 
but their recognition becomes easy with practice. 

When the examination is made shortly after the stool has been passed 
a proportion of the worms will be found still alive and exhibiting their 
peculiar sinuous movements. In native cases sometimes 100-400 w’orms 
or more can be recovered, but in Europeans a bag of 70-100 is considered 
an exceptional figure. 

The neeators can be distinguished from ancylostomes macroscopically 
by their fine, curved heads. 

Prophylaxis. — In devising a system of prophylaxis for ancylostomiasis 
the fact that it is by means of the faeces of the already infested that the 
parasite is spread must be kept prominently in view. Fsecal contamination 
of the soil and water must therefore be prevented. The promiscuous 
deposition of faeces about huts, villages, and fields must be interdicted. 
Tea, coffee, cocoa, banana, rubber and citrus plantations, by reason of 
the intensive cultivation required, are potent sources of , infestation. 
Abundant and easily accessible latrine accommodation must be provided 
in coolie lines, in miners’ camps, in native villages, and along the highways 
of traffic. The Chinese plan of storing night-soil for months in large, 
cemented, water-tight pits is a good one. It is known that, if the eggs 
of the ancylostome are kept in pure faeces, the embryo is developed and 
escapes in due course; but it is also knowm that unless the larva be supplied 
with a certain, amount of air and earth it soon dies. The thing to be 
avoided, therefore, is the mixing of jresh faeces with earth. Conditions of 
warmth, moisture and shade favour infestation, but the infective stages of 
ancylostome larvae are killed in a few minutes by direct sunlight. By the 
Chinese system the embryos of the ancylostome larvae are killed and, at the 
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same time, a valuttblo is secured for the agriculturist. The 

presence of standing water is an advantage as it dilutes the bacterial food 
of the larvie and they cannot feed in wai.er. A rise in temperature increases 
activity of the larvj-e, which nst^ up the food reserves, so that in the tropics 
they rarely survive longer than six to eight w(‘eks. 

It is manifest that, in devising privies and sanitary regulations, the 
habits of the people they are intended to beneht must be taken into 
account ; if native habits and prejudices are ignored, any system, no 
matter how perfect it may be in theory, will fail in practice. In America 
intensive mass treatment after the installation of satisfactory latrines 
has been found most effective. The provision of a fool-proof latrine 
for natives is the chief difficulty. So far the “ bored-hole ” latrine, 16 ins. 
in diameter, has proved most acceptable. This is deep enough to prevent 
migration of hookworm larva), j^roducos no odour and does not encourage 
fly breeding, but it must have a concrete or pressed steel squatting plate. 

The water supply should also bo carefully guarded from all possible 
sources of ffccal contaminaiion. Drinking-water, unless above suspicion, 
should be boiled or strained. So far as possible, facilitios for removing 
all earth and mud from iho hands and dishes before food is taken should 
also be provided and their use encouraged. Badly contaminated ground 
had better ])e abandoned. The systematic poriodical inspection of 
plantation cooli('S is recommended. At these inspections all subjects of 
anaemia or dyspepsia should be put aside for more careful examination ; 
if the eggs of ancylostomes aro found in thoir heces, a judicious dosing 
with some of the drugs mentioned may avert serious disease in the 
individual, and also prevent him from becoming a source of danger to 
his companions. 

Until a few years ago, efforts at the prevention of ancylostomiasis 
were directed towards treating the surface of the soil, but recent work 
has shown that the aiicylostomo larvae spend a considerable part of their 
life in the deeper layers. 

Therefore a most important factor und(dying efficient prophylaxis of 
ancylostomiasis in a community is the life-span of the infective larva 
during its existence in a free state in the soil. Practical experience gained 
by the directing authorities in the “ hookworm campaign ” suggests that 
this is much longer than experimental evidence indicates. According to 
Cort, Augustine and Payne, the life of the infective larva under these 
conditions does not oxceod six weeks, and during tliat time it does not 
wander outside a 4^in. radius in a lateral direction, but can migrate to the 
surface from a depth of 36 in. Baermann showed that the larvae may be 
recovered with ease from soil thought to be iiifectivo ; the technique 
consists in placing the suspected soil in a receptacle, together with a 
quantity of water ; the larvae then rapidly migrate into the fluid, where 
they can be found and recognized. 

Education of children in schools by moans of diagrams and instructional 
films plays an important part in health propaganda in the United States. In 
South America it is noted that, although children wear shoos at school, where 
the chance of infestation is not great, they commonly run barefoot at home, where 
infestation is likely to be acquired, NiohoUs recommended common salt as a 
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prophylactic agent of some potency. It has the advantages of being cheap 
and, as a rule, easily obtainable. It has an injurious effect upon the larvse, 
but requires to be brought into very intimate contact ; mere sprinkling is futile. 
Solid salt, however, when sprinkled on fseces, does not penetrate the mass for 
forty-eight hours. 

In view of the great danger to health that exists in certain countries 
from this and similar parasites, the sanitary authorities in such places 
ought to circulate among the people, by means of printed leaflets or 
posters, a few simple directions for the prevention of ancylostomiasis. 

Clayton Lane estimated that out of 315 million inhabitants of India and 
Pakistan, 45 million wage-earners were subjects of ancylostomiasis. 
Employers of labour in the Darjeeling district computed that the labourer’s 
earning capacity when freed from this disease is increased by 25-50 per cent. 

An energetic and many-sided campaign against the hookworm was 
waged in the United States, Asia, and Africa, danced by Mr. Rockefeller. 
State and county dispensaries for free examination and treatment of 
applicants were established. The total number treated in 11 States in 
1M2 was 238,755. A commission worked for a number of years, and 
treated 393,556 people at a cost of a little over a dollar per head. The 
reports issued by the Commission contain most valuable statistics, of 
which a few may be quoted. In Panama, in 1916, 30,094 persons were 
examined, and 80-4 per cent, found infested ; of these, 98-2 per cent, 
received treatment and 49*9 per cent, were cured. In Antigua, of the 
total population, 98*8 per cent, were examined, and 29*8 per cent, found 
to be infested ; treatment was given to 92 per cent, of the infested people, 
and 96 per cent, of these were cured. In British Guiana, out of 3,900 
infested natives, only 8*6 per cent, remained as foci of infestation at the 
end of the campaign. In Ceylon, of 4,567 tea-plantation coolies, no less 
than 95*6 per cent, were found infested. Nevertheless, unless constant 
preventive measures are maintained, mass treatment is not hkely to be 
very successful in prevention. A few infested persons may soon re-infest 
a population, if the old bad habits are retained. 

Darling thought that, as the agricultural and mining population within 
the tropics is so universally infested with hookworm, the detection of 
individual infestations by microscopical examination was no longer neces- 
sary. The population should be treated en masse by an intensive method. 
The sanitarian should remember that an individual may be infested, yet not 

affected ” by the disease. Hence, apparently healthy persons constitute 
a danger to the community. 

Ancylostomb Dermatitis 

A form of dermatitis affecting the feet of coolies on plantations in 
Assam, in the West Indies, and probably elsewhere in the tropics, is 
ascribed to the penetration of the skin by ancylostome larva, and precedes 
by two to four months the generalized symptoms of ancylostoimasis. 
The disease is of much economic importance to the planter, and is variously 
known as ground itch, pani-ghao (Assam), water itch, water-pox, water 
sores, sore feet of coolies, cow itch (Queensland), sabanones (Venezuela), 
candelillas (Colombia), chaufifle (Grenada) and mazamorra (Porto Ricoj. 
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The soil in the uei'^hbourhood of coolie lines is extensively contaminated 
by fmcal matter. Tdie bare feet of the coolies are constantly soiled with 
this larva-laden earth ; and in this way, in^ many tropical plantations, 
Loess’s experiment is unintentionally carried out on a large scale! 
Dermatitis, vesiculation, and may be pustulation, or even extensive 
ulceration, and probably ancylostomiasis amemia, ensue. A condition 
resembling larva migrans (see p. 844) is often produced by allied species 
i.e. Anciflostoma hraziliense and ui. canimun of the dog. The services of 
the ali'ectod coolie are lost to the planter until the irritation subsides and 
the anremia is cured. 

Fullcborn published the most complete account of this subject (1932). He 
pointed out that the n.n(^yloatomo larvai can only outer the skin when the soil 
conditions are favourable. Tlioy cannot enter through water alone, nor can 
they readily boro through the hard skin of the solo of tho foot ; they pass less 
easily through the tough skin of the negro than the soft epidermis of the European. 
It was shown by Khalil that the presence of a suitable host has no special 
attraction to tho larvoo, but they are attracted by warmth (thermotaxis). The 
appearance of tho skin lesions is dependent upon tho number of invading larvse. 
As SobiUrucr showt^d, the inboring larvjc first form a red point, and soon a small 
blister forms iti which tho larvm <ian bo demonstrated in sections, and the irritation 
of the skin is noted after some twenty minutes. Probably, the entrance of the 
larvic also causes opportunities for the ingress of hac^toria wdth formation of 
blebs and pustules, and this is the real “ ground itch.” It is by no naeans 
proven that ground itch is invariably anoylostoine dermatitis, for it is not found 
in Egypt where this disease is rife. 

Personal c](n\iilinoss and tho mo of some form of foot covering during 
the wet S(‘ason, together with tho prophylactic procodim^s for ancylosto- 
miasis, are the special pruv(‘ntive measures indicated against this disease. 
Coolies working on irrigatcnl land should bo prt)vido(l, if possible, with 
high, well-htting boots. Antiseptic foot-baths and some soothing ointment 
are indicated. Treatmcuit wiih drugs is best effected with strong salicylic 
solution in collodion or methyl alcohol. Barlow recommended 3 per cent, 
salicylic acid in ethyl alcohol. 

III. GESTODIASIS 

The tapeworms, Tesnia sa(finafa and T, solium and their cystic forms 
are common enough in the tropics and subtropics, thoir distribution being 
regulated by tho presence or absence of their appropriate intermediary 
hosts— the ox in tho one case, tho pig in the other — and by the habits of 
the population in cooking and conservancy. 

The broad tapeworm {Di'phyllobothrium latum) occurs in Norway, 
Sweden, Russia, Turkestan, . Japan (whero tho natives eat raw fish), 
Lake Michigan, Madagascar, and on the shores of Lake Ngaini, South 
Africa. 

The treatment of this tapeworm is usually successful and responds to 4 grm. of 
olooresin of aspidum followed by Kjwom salts. The very severe degrees of 
anaemia are not usually seen in tho tropics in association with this parasite. 
Injections of liver extracts are given in after-treatment. The reticulocyte peak 
is reached in eight days. Dibothriooophalus ansemia has recently been shown to 
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be due to the absorption of large quantities of vitamin by the parasites and 
it is said that when liver in dry powdered form is administered orally the an(Bmia 
is rapidly cured. Bjorkenheim in eighteen cases of pernicious anaemia associated 
with D. latum found some presented symptoms of subacute combined degeneration 
of the cord. 

The cestodes of man which have any claim to be regarded as special 
to warm climates are Hymenole'pis nana, Diphyllohothrium mansoni, and 
Spirometra mansonioides. 


Treatment of Tapeworm Infestations 

General statement. — ^Preliminary starvation appears to be necessary 
for two days. On each of these sodii sulph. | oz., or castor oil | oz., should 
be given to clear out the bow^el ; the food should be restricted to weak 
tea, toast and unhmited amounts of lemonade and glucose D. 

I. Filix-mas treatment. — ^Filix-mas is the rhizome of the male fern : 
it contains 6-8 per cent, of filicic acid (Jilicin)^ and a variable amount of 
aspidin ; both these substances are anthelmintics. 

Exlf actum filids liqiddim, dose 45-90 min. (2*66-5*33 ml.), has a 
disagreeable taste and is apt to cause vomiting, so the drug is best 
prescribed in gelatin capsules. 

Capsules contain 15 min. each of the liquid extract. The dose of 
these is one to six, according to the age of the patient. It is effective 
against Tcenia saginata, T. solium, and especially against D. latum. The 
most difficult species to dislodge are T. saginata and Hymenolepis nana. 
On the morning of the treatment the patient should have a small cup of 
tea. For an adult man the full dose of filix mas is 1*1 dr., for a woman 
1 dr. For specially resistant cases up to 120 minims (2 dr.) may be given 
with safety, as follows : — 

8 a.m. : two capsules of 15 mins, of filix mas. 

8.30 a.m. : repeat. 

9 a.m. : repeat. 

The patient must then lie perfectly quiet and take nothing but a few 
sips of water. At 10.30 a.m. half an ounce of sodii sulph. should be given. 
The bowels being opened freely by the salts, segments of the tapeworm 
should soon appear. All motions should be saved and strained to search 
for the head ; should this not be seen, a soap-and-w^ater enema should 
immediately be given. 

The patient must rest in bed the whole day when undergoing treatment. 

Arteaga and Garnero have treated cases of T. saginata with chloroquine 
diphosphate (Aralen). The adult dose is one tablet (0*25 grm.) per kg. 
A total of eight tablets or 2 grm. in a fasting patient is followed by a large 
dose of castor oil. 

They report a large series of successes. 

Oleoresin of aspidium (U.S.P.) contains Jilicin, the anhydride of filicic 
acid. To be successful the oleoresin should have been recently prepared. 
The patient should fast the day before treatment. At 6 p.m. on that 
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day 30 gr. ot‘ mag. siil])h. ar<^ givon, and again on Iho luoniiiig of tn^at- 
meiit a similar doso. ISIo lat^akfast should ho hikon, and afitT iho bowels 
have been oiaauMl \ 07„ of iho tbllowing emulsion is adiuiiUHtia’od. 

Oleo resin of aH])i(li inn . . 7)i (3*89 grin.) 

Pulv. aeae. .... ( I *1)44 grin.) 

Aq. dcsi. ad . . . *31 (284i2 inL) 

An hour laior a second dose of 1 oz. is given and, afl.or a furihi'r interval 
of two hours, a soap-aml-wator enema. 

None of tlie:ie tmdnieuts with Ji Hr mas nnisf be repeated oftener than oner 
a month, otherwise tmrie sifmptonis, sneh as jwhpienritis ami p<(ra(i/sis of 
the iris {Jilieie aeid poisonimj), maif ensue. 

Intradnodenal treatmmt of tapeworm . -^m'iUAky rin^onunondH giving 30 grin, 
sod. sulph. in iho afternoon, and starving ilu' patient for t;he rest, of the day 
Next morning the bowels opened by an emnna, th(^ paib'nt swallows a eat.heter 
and is placed on his right side. (^aiIi<‘t.or tniiers the iluodi^mun in 12 hours. 
He is then turned on his back, and a small glass funiud is attaehiHl. An emulsion 
of ethereal extract of male fern, hO gnu., gum arabic mucilage, 5 grin., sodium 
bicarbonate, 0-5 grin., diHt.illed watm*, 50 ml., is priqiartnl. About, om^-ijuartcr 
of this amount, eipiivalent to 3~4 grin. (50 60 min.) male fiTii, is int.roduce<l ; 
immediately 50 ml. (IJ oz.) of warm 50 per eent. solution of sodium HulJ)hatl^ is 
poured in and the (•athetor (^xtra(4.ed. Kximlsion takt^s place in t.\vo hours. 

11. Pelletierine- ‘Commercial, indhd.ierine is a mixtun^of two alkaloids, 
pellotiorinc and isop(dl(4i(‘nen<\ anil is obtaiiu'd from tlu^ siom and root 
bark of the ponu^granal.o (Punica (jranalnm). 

Pelleiierine tamale, a mixture of thi' tannaies of the alkaloiils, is a light 
yellow powdi^r, slightly soluble in water (I in 700), hut soluble iti 00 piT 
cent, alcohol (I in 80). The dose i.s 7 gr. dissolvt^d in alt‘ohol, followed two 
hours later by castor oil, 1 iv/u ; a Hoap-and-wati^r enema may be necessary. 

in. Atebrin, or luepacrine, has been ri'conuneiidcil by st'Vi'ral observers 
notably Hockiniga (1051) in dosi^s of 0*8 gnu. by the monlh followed by 
an a])(n’iimt. Tliere is a certain amount of evi(ieni*e that tluMiddition df 
0*4 gnu. atebrin the night, hidon* filix-mas tn^atuumt does assist in 
detaching the hisul, and successi's ha-ve Ihhui recently recordi'd by HoiliMinin 
and dung (1052), Milk di(*t on the day before and a purgi* of castor oil 
arc lu^cessary. On thi^ morning of trca.tment ()*l> 0*8 gnu. of atidirin a.ri‘ 
givim, two tablets ovary live minutes with water. Two to four hours later 
the purge is repiatod and food withlield until thi* bowels are opiuuHl. 

IV. Hexylresorcinol has beim \\m\ successfully l>y Morult‘s and 
Stevenson in emulsion administerisl into the dnodenmn, (‘sptsdally in cases 
of T. scKjinata. Ihitients fast on the morning of triMitiiumt. A iluodetml 
tube with a mi4.al tuh(‘ is introducinl into the the stomach. The gastric 
contents are aspirat.ed and the patiimt is turned in the right lateral 
decubitus position. When t.lu^ duodtmuiu is reached a mixtun* of 1 gnu. 
of crystalline hoxyln'sorduol suspendtul in 30 mb of water and containing 
1 grm, acacia is introduced. Wheti the tube has hetm in situ for several 
minutes warm water is int-rodu^ied. The patient then sits up and ilrinks 
ice-water and the tube is withdrawn. Hexylresorcinol does not kill the 
tapeworm directly but sogmonts are passed for four montiw after treat- 
ment. There are no toxic effocts. 
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IV. Tctrachlorethylene and oil of ohenopodiiim. Tttni- 
aiupst ln‘1 i/<*s iapt^wonns ami, i‘S|)(‘tMaIly wlaai <aunl»intMl 
with oil of chanopodiuui, uida in Matir expulsion, H is conilnnod in tho 
following nuxiun*. 

'r<'trn<'ldorftliyl(ai<* . . . 7)> (’hi) ad.) 

()l. (*h<‘u<)podiam . , . Iljxv ad.) 

INimtr. liq Si (2S4ii ad.) 

'rids should ha »,dvi*n la two dosc‘s, as in ancylosioadasis. Adults 
shoultl ro<*oivt‘ t in* full doso ; chlhlran undiu* six, ‘i <lr. ; up to (‘if.jht, H dr, ; 
up h) fourfaan, d dr. TIk* iuixtur<‘ should ho uauh' up fn'sh daily. Half 
an hour aflorwards tho paliout should ho ^dviai a. snlino aporiont, or Pitlr, 
f'o. 1 2 dr, (1V55 7 ad.) laay !»' us('d. 

\i is shdod liial ft uaphihol, j^r, 15. in oaohois {Lfivon daily aftor l)n‘akfast 
for lo!i days is olToolivo in pn^vonlin^^ tlu‘ laaid of tia' worm from formiufjf 
prof^lot lidos. This Irani mold slaudd ho rt'sorlod lo in raso (d’ failuro to 
dislod^o I ho laaid at (ho first, troalnu'ul.. 

Hiyoda and 'Taradn disoovaTod an aoiivi' pr(')MU‘a.iion ia ra’njttn a lauslirooin 
{OmphtJia lapitimyus), 'PhiH is ^ivcm in a powilonsl stato, in doM(‘s of 21) gr. 
t-hn'o tiau‘s daily tor throo ilays* without any pridiiidaary pn‘[)a.ra.tion. 

(loidian violol has h{*on usimI to oxpol llifmenolrpit^ /m/m. llalawatd 
has Imti suooi»ssos with ohloroipiino (aralim). (’usso, or Kuss<j. a ih'iax'tion 
mmh‘ from I la* tlowors of /h*m/o/v/ ttulhvlminiitut, is said to ho onhaudoiiH in 
Ahyssiida for romoving *l\ mpuahu 
rosftHlin, or nomalodin iHirto, Idrd), oontaias aa'i/dlio (in and ils oxido 
and ohloHdo, It is givou in (ahlot fmau Ihroo tina^s on (ho first ilay. six 
limos on llm sinaual and lluui thrt't^ timos tlaily for u furthor ihr(*o tlays. 
No pur^jjativos aiv givon aftor (ho trmitmont, hut a dosi^ of magnosium 
snlphato ln*fori' it is oonmu'notah 

IV. CYSTIOKHOOHIH 

'fhough tla^ «‘ystiota’ouH. or Idiwhlor-wtaMU stago t)f Ttvma normally 

dovolopH in (ho pig, ami iniostation of man tid«*H plaoo by anting juirk, whiah 
(H)ntidnH (ho larval o//.*<nVm‘n yot oocasionally man himwdf may i«(U‘vo aa inU'r- 
nuMliaii* iioHt thrimgh nt'cidisdal ingostion of tlm oggs of 'ik Htilium., 'fho embryos 
may ndgrato to almost, any <»rgan, ospooially iht^ inumdos of Uuh limlm, tongue, 
nook, or ribs and mnnotimos tbo lungs, livor, (»r lu'iirt, and th<\y havt' bomi r<unovod 
from tbo oyo, < )ia' of t la^ most striking rooont c'cmtribations to modioino has boon 
tin* diunonsirntion l>y Mao Arthur that tbo embryos show a pmudinr [>n*dilo(^ti(m 
for tbo brain. It luts boon known for soino time that intUvidual tiiw's of tiyster- 
ooHjH may bo iiooompaniod by opiloptio wd/mros, lnv(‘stigations on opilopsy 
In young and ot horwiso laadthy Hritish sobUors, with gcsnl anta<!otltmtH, has shown 
that t'ystioorooHis is tho oauw*. In ono hatoh of 22 oaH<is investigated by 
MaeArtintr lb wert^ firovcai to suffer from oystb’t'nmsiH. In another H2 eases in 
British i*oUiii‘rH. who had sm'ved in India* evi(b'ne<' of infestation with Ta>im mtium 
was obtaimsi in 22. Iadig(*n<»UH oystioereosis in» England has burn recorded. 
Uixtm ami Hargreav<*H, in a study o{*2H4 east's, found that in HI) p{*r etmt. ratUo- 
graphic examinaUtm of tho sludl was negativt', ‘ 

In some irmtatteoH the fits eommoneo about tho time tho cysts are tirst dotiastod ; 
in othon* there may Im a quiescent of some years botwtmn tho apjaxaranee 

of the oysU and the first epilopti<^ wdxure, or, in otlu'r instances, tho c'ysts may 
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become palpable after the onset of epileptic fits. The number of palpable 
cysts varies widely in different cases. Large ones which have been under 
observation for years may vanish in a few days. The bigger cysts usually contain 
dead larvae and the cyst capsule is tense, owing to the large amount of contained 
fluid. The death of the larva is in some way associated with an increase of 
this fluid. 

Pathology. — In the brain the cysticercus becomes enclosed by a wall of 
neuroglia ; small round cells and a few plasma cells are present between the 
delimiting neuroglia and the surrounding normal brain tissue, but later the tissues 
surrounding dead and disintegrating cysticerci undergo active degenerative 
changes with a marked cellular response. To the naked eye the degenerating 



Fig. 190.— Section of cysticercus from brain. {Dr. Carmgie Dixon 
and Dr. J. D. WiUis, Lancet, 1941.) 

tissues may be visible around the cysticercus as a discoloured ring, and later, 
if the patient survives, they undergo necrosis. This dead area, which may 
extend 5 mm. beyond the cyst, is ringed off from the normal brain by a wall of 
sclerosed neuroglia. (Fig. 190.) 

After a variable period, determined in part by the resistance of the host, 
the parasites die and often undergo calcareous change. Calcification com- 
mences in the scolex, while the cyst capsule and its contents are unaffected. 
Calcification may stop at this point, and the cyst-wall may collapse through 
the escape of the fluid, or the collapsed cyst may be flattened out by pressure 
of the surrounding muscles and calcify in an extended form. Apparently, three 
years elapse between death of the cysticercus and calcification in the tissues, but 
cysts in the brain take longer. 

Symptoms.-— The fits may resemble the Jacksonian type, with cyanosis, 
biting of tongue and involuntary passage of urine. In some instances they 
are irregular, and cerebral tumours may be suspected. Nervous symptoms 
other than fits may be produced ; thus the initial clinical picture may be that 
of disseminated sclerosis or cerebral tumour. Psychical states may supervene 
with cerebral irritability and loss of memory. 

Usually, the invasion of cysticerci gives rise to no general reaction, but the 
patient notices the gradual development of small subcutaneous or intramuscular 
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awelliiigH. More rarely, a general toxjemia with pyrexia develops. Sonietimea, 
too, the localized intr»anmscular swellings resemhle a muscular dystrophy. 
Cysts may bo ])rosont in large numbers without the patient’s knowledge until 
they disi^overod aooidontally by radiological examination. In one case the 
(irst fits (lommcMicecl during treatment in hospital for T, solium, whilst Dixon 
aiul Hargreaves Ibund evidence of previous tapeworm infestation in 26 per cent. 
TJiero may be a histoiy of incomplete fits, often regarded as hysterical, and 
(wery (k^gi’oe from ])otit inal to Jacksonian epilepsy. Intense headache may be 
the one symi)toni preceding a fatal attack. Psychical disturbances, melancholia, 
or aeiitt^ mania may dominate the picture. Mental deterioration may be very 
insidious in onset, on the other hand loft-sided hemiplegia of sudden onset has 
be(m recorded. 

lildwards has doacribod vague headaches with impairment of field of vision and 
iiuiongrnous homonymous hemianopic defects involving chiefly the lower 
cpiadrant, together with s])ecch defects and slurring of polysyllabic words. An 
irritating alU^rgic rash has also been soon. 

A])pare!itly no prophecy can bo made of the duration of the epileptic symptoms. 
Sometimes the seizures cease without apparent cause; in others they persist 
for eight years or longer. MacArtbur has scon one cysticorcus alive in the brain 
aften* a lapses of iifteem ycuirs. There have been several fatal cases in which the 
ttysts have been found limited to the brain. 

Diagnosis.'— Thc^ most helj)ful sign in diagnosis is the development of palpable 
tiysiiS in the tassiu^s, and these may number from one to thirty or more. They 
may b(^ the size of a hard pea, a hazel -nut, or oven a pigeon’s egg. Their situation 
vai’i(‘.H vvid(dy ; tlu^y have been found in the lips, masseter muscles, nock, chest, 
abdominal walls, back and groin, and if not numerous they are easily overlooked. 
Indeed, unless evidence of oystioercosis is systematically sought, diagnosis may 
be missed, as nodules may be absent at the time of examination, only to come 
out in (U’opfl at a later date. When those external cysts are absent, as Edwards 
ixnnarks, “ failme to think of cystkjcrcocis is the greatest impediment to its 
diagnosis.” ''J''he radiologuuil evidence may not bo convincing for some years, 
as c-al (ufi cation docs not usually take place for four or five years after infestation. 
Whilst limy are alive the body is relatively tolerant, though they become active 
i^vitrant^s when dead and oakufi^d. 

fl’o detnonstrate cysticerci, a suitable cyst is excised under local aiiflosthcsia 
ariul the liost capsule is enucloatod. The appearance of the translucent mombrano 
with iiiH (central ‘ ' milk spot ” is charaotoristio. If alive, the parasite may e vaginato 
the Jiead and iKKh, or it may bo induced to do so by immersion in hot saline. 

Wluui })artially calcified, a good skiagram will show it as a small elongated 
sliadow, but the com])lctely calcified cyst gives a characteristic appearance^ 
( Plate XXI). In showing up calcification “ high penetration ” is more offoctivo 
than sliglit under-< exposure. The exposure should be that ordinarily employed 
for hone detail . 35 vidoncio of calcification within tho brain has boon demonstrated. 
IJnlbiiunai/cly in i/lio early stages tho cysts are diaphanous and do not show up. 
'’Therelbro, a nc‘gativo radiograph of tho skull is of no significance. Tho size of 
tho cysts desponds mostly on their age and situation. 35osinophilia affords no aid 
to diagnosis. Complomont-fixation tests have proved disappointing, and a 
negative tost doos not exclude tho possibility of infestation. The intradormal 
Casoni tost i^ positive in about 50 per cent, of cases. Trawinski developed a 
precipitin tost, using an antigen made from Gysticercua cellulosce. There may bo 
no changes in tho oerebro-spinal fluid. Do S^zo and others, however, stated that 
excess of lymphocytes, a positive colloidal benzoin reaction and eosinophil 
increase, in the absenoe of a positive Wassormann reaction, suggest cysticeroosis. 

^In tho maetek^s cystlccrd are oat-shupod duo to pressure, whllab thuBO in tliu brain aru circular. 

27 



320 intestinal PARASITES 

It must te remembered that the Ghedini-Weinberg complement-fixation, as well 
asX Casoni intradermal test, are group immunological reactions, whether 
hydatid extract or cysticercus fluid is used as antigen. 

Treatment.— Intravenous injections of antimony tartrate have been tried, 
often without much effect. Although instances of successful localization 
and removal of single cerebral cysticercal cysts have been recorded m the litera- 
ture, usually such interference is unjustifiable. Luminal and bromides are helpful 
in controlling fits. Observation on tissue changes which follow the death of 
intracerebral oysticerci suggest that destruction of large numbers of these 

T)arasites might make matters worse. i 

In actual practice, temporary amelioration of symptoms, alter removal of 

one or more cysts, has often been followed by death. 

Prophylaxis.— This cannot be undertaken until the source of infestation 
has been ascertained. It is commonly believed that human cystieercosis is 
an accidental complication, auto -infection being caused by the ingestion of eggs 
or possibly by regurgitation of segments of T. solkm into the stomach. 
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CHAVTblE XLVin 

VEGETABLE POISONS 

I'OISONB USED ¥0& CEJMINAL PURPOSES 

I'luo itioi-gjunc*. ])oison tuost i^ouevally uHcd by tropical races is arsenic in some 
form, (^loverly intonuinglccl, aw a rule, with flour, inserted into the grains of maize 
or rnilh^t, or it\tro(hu!(ul into swoots, as in Egypt ; in Malay, powdered croton 
se.ods or datura ar(^ UH(id, Natives usually possess a much wider and mote intimate 
knowh^dge of organic, poisons than do civilized peoples. 

In Brazil, (mniinon native poisons are derived from PauUinia pimata, which 
oontoins an alkaloid, timhohi, and from the fruit of Thevelia nhonai^ the active 
principle of whicL is ihovelonn ; both of these cause vomiting and respiratory 
failure. 

Ill Indonesia a jfioison (extracted from the roots of MilMm suricm produces 
(hdiility, headache, diarrluea, collajise and death. 

In tlio Pacdfi(j islands the native poison is derived from the fruit of Barmgtonia 
yHp(>ciom. 

In India a largo number of vegetable poisons are in use. In the Madras and 
Jhnnbay iVcaidenoios an extract is obtained from the roots of Nerium odorum, 
the white oleandof, which contains two glucosides exerting a specific action on 
the heart. Similar substances, urecMtin and urechitoxin, from Urecliites subemint 
exeni a cumulative a(ton, and thoroforo sudden death may bo produced without 
arousing Hus])i(don of poisoning. 

The juicto of an Afickpias (or milkweed) is used in India as an infanticide ; the 
symptoms are vomiting, salivation and cramps. The roots of various species of 
aconite {Aamifmi feroXf etc.) are used for the same purpose ; death takes 
place rapidly— in three to six hours, as a rule. Several species of Apooynacoee, 
such as Verbmi odolhmmd TheveMa neriifoUa, the sap and seeds of which contain 
a glucjosido, thevetin^ are very deadly, death from cardiac failure taking place 
in twelve to fifteen hours. In Southern India, Burma, and Ceylon a decoction 
of the fruit of Gloriosa mperhat one of the Liliaceae, allied to squill, is employed 
for criminal and suicidal purposes. The active principle, auperbiriy causes gastro- 
intestinal irritation and cardiac failure within four hours. The commonest 
poison in India and Ceylon is datura, one of the deadly nightshades, of which 
there are several species. The seeds, mixed with food or drink, produce a state 
of extreme mental exaltation, followed by coma; the active principles are 
atropine^ hyoacyamine^ and scopolamine. 

In Africa the leaves of Hyoscyamus fahezUz^ containing hyoscyamine and 
scopoUminCi as active principles, are used by Tuaregs of the Sahara. On the 
West Coast of Africa, a decoction of a cactus, colloquially known as “ oro,” 
produces blisters in the mouth, vomiting and gastro-intostinal irritation, collapse 
and death. In China, opium is the suicidal poison most frequently used, 
especially by women. 
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DISEASES DUE TO THE INGESTION OF POISONOUS FOODS 
AND WATER 

Latiiyiusm and Favism 

This disease, characterized by various nervous manifestations, such as ataxy, 
spastic paraplegia, wealcness and muscular pains, without psychical disturbances, 
occui’s in Abyssinia, Algeria and India in those districts in which vetches, 
“Khasari,” Lathyrus sativus and allied species, form the main article of diet. 
Howard and his colleagues (1923) demonstrated that the wild vetch {Vida sativa), 
which contaminates this crop, is harmless, but that the poison is contained in a 
variety, var. angustifolia, which contains alkaloids : vicUie and dimeine. There 
are two varieties of L. saliva : the larger called lakh or te.ova : the smaller lakhori 
or teovi. Rudra (1952) considers that the toxic princi})lo is seleninin. The 
methionine excretion is diminished. A similar disease occurs in animals fed 
upon the same food. The arms and trunk arc seldom involved ; iiujonti nonce 
of urine and sexual impotence are early and common symptoms. T‘’ho disease 
is very chronic and seldom ends fatally. Shah (1939) claimed that cas(‘s impi'ovo 
rapidly on dietetic and vitamin treatment, and Anderson (1039) suggested that 
elements of the vitamin A complex are involved and that they are effective 
in treatment. Rudra advises the administration of mothionino. 

Favism, an allergic manifestation, due to a bean {Vida fava)^ produces a 
syndrome resembling biaokwater fever and is common in Sardinia, Greece and 
the Mediterranean ai’ea {see p. 64). 

Atriplioism 

A combination of cutaneous and nervous symptoms in China is eattsed by 
eating leaves of Atriplex littoralis. 'The earliest symptoms (sonsist of itching of the 
hands, followed by oedema, and often by bulloc ; the lingor-tips may become 
gangrenous, cutaneous hcemoiThages may occur, and the fa(50 atid oyolida become 
cyanotic and oedematoua. In many aspects it resembles liaynaud’s disease 
and erythromelalgia. Yu Ky described a syndrome after eating the loaves of 
Atriplex serrata, or Ghenopiodimn hybridum, in which the Bym})toni8 and signs 
are similar, and it is thought that the sMn lesions can be ascribed to ligbt-sonsitivo 
dermatosis. 

Ackde Poisonin-g (Vomiting Sickness op Jamaica) 

An acute and fatal condition, locally termed “ the vomiting sickness,” has 
been known for many years in Jamaica. It is found principally in rural districts 
in circumscribed epidemics. The causation and nature wore neither apprehended 
nor understood, although several Commissions had attempted to elucidate 
them. To Sir Harold Scott belongs the moxdt of clearing up this mystery, and 
of indicating simple and practical methods of prevention, which have saved the 
hves of many children. It is estimated that since 1886 over 6,000 lives have been 
lost in Jamaica from this cause. 

Vomiting sickness is confined to the West India Islands, practically to Jamaica, 
and occurs principally in the cooler months, from November to April. 

Symptoms. — A. previously healthy child suddenly complains of abdominal 
discomfort, vomits seveml times, recovers, and perhaps falls asleep. Three or 
fom hours later, vomiting — ^now of a cerebral type — returns. Within a few 
minutes, convulsions and coma supervene, and death follows, on an average, 
about twelve hours from the initial vomiting, though it may take place in one 
and a half hours. The case-mortality amounts to 80-90 per cent. In those who 
recover, convalescence is complete in twenty-four hours. 

1 AT^***?^ attack the temperature is normal or subnormal, rarely rising to 
101 F. ; the pulse rate is 90 to 100 ; the respirations are 26 to 30, sometimes, 
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as d('atli a|)})rt)aclic'S, of Olieyne-Stokcs typo. The pupils are slightly dilated and, 
until near the end, roaot to light. Except during the convulsive seizures, there 
is no nuiscular rigidity. Post-niortem examination reveals hyperjemia of viscera 
with a tendency to minute intestinal luBmorrhagos, together with marked fatty 
chat\gea, especially in the liver and Iddnoys, and sometimes in the pancreas 
and lieart-mus(!les. 

iEtiology.-“-S(‘ott showed, on what must be regarded as convincing evidence 
— elini(ial, stuisonal, epidemiological, and experimental — that vomiting sickness 
is the result of poisoning by a fruit, muoh used by negroes in Jamaica, called ackee, 
the fruit of lUighia .'iapida (Eig. 191), a tree very common in the island. A similar 
species is found on the West Coast of Africa, whore it is known as Trsin, When 
mature atid in good condition, this fruit is wholesome enough ; if gathered, 
Indore it is quite ripe and before it has opened while on the tree, or if gathered 
from an injured bram-.h, or opened after falling to the ground, it is poisonous. 
The pt^isonous (dcunent in the immature and unsound fruit appears to be soluble 
in water, foi* }U)t water ” in whi(di the aekees have been cooked is much more 
toxics than eoolced fruit. 'Tiio poison is precipitated by alcohol. Jordan and 
Burrows showed that tlu^ toxic principle is also contained in the seeds and in 
tlu'. arilli of the aek(‘(^ wludi liave not yet “ opened.” Evans and Arnold (1938) 
isolated sapotiin, which appears to bo the toxic agent. 

Treatment, An enu‘ti(\ ami washing out the stomach with an alcoholic fluid 
during the primary vt)miting, are 
indieaU'd. He.ott is insistent that 
a, (1 ministration of al(H)hol must 
be })r<)mpt. 

Prophylaxis. • W h o n t h o 
fruit in various stag(sM falls to 
th(' ground, only the opom'd 
})odH, that is tlio ripe fruit, 
should 1)0 used for food. The 
immature unopcnied pods should 
be d(‘stroy(‘(l. 

Ma^jiod and NAJMr Poxsottino 

Manihut aipi (sweet (tassava) 
and Mmiihot ‘utilmwm (hitter 
cassava) are ground roots ex- 
tensively used in Uk^ West 
Indies. Krom the latter are 
])roducc(l starcth, tapioca, and 
cassava e-akes. Ik)isoning arises 
fi’om failure to remove the 
ooatainod glueoside and enzyme. In the presence of water these release free 
hydrocyanic acid, so that nausea, vomiting, distension of the abdomen and 
impeded impiration rtisult. 

Na7M (DioscoT&ct hispidU'^ Pounst, and D. hirsuta, Bl.) is a colloquial term for 
a species of yam, (unployod for food in parts of the Philippines. It has fre- 
quently caused food poisoning, and occasionally it has been put to criminal 
purposes. An alkaloid — dioscorine, — has been obtained from the full-grown 
tubers, 

CoBAL Plant {Jatropha multifida, JS.) 

Coral-plant poisoning was reported by Kaymond from Tanganyika, the 
symptoms being colic, cramps and thirst, with subnormal temperature. Two 



Fig. 191.— -Ackee fruit. Bliglia aapida. 
J nat. size. (Aft&r By am and Archibald.) 
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species, J. curcas and J. glanditlifera, are common m the West Indies. J. 
Qlandulifera, since it grows rapidly, is used in Jamaica for fencing enclosures. 
The mits taste like sweet almonds, and the plants are known as physic nuts ; 
a third species, J. multijida, is known as the “ French physic nut.” J. gossypifolin; 
which occurs in the West Indies, is known as the wild cassava, or “ hclly-aohe 
bush,” and its seeds contain an intestinal irritant like croton oil. A fifth species, 

urenst from the same area, bears leaves provided with stinging hairs, which 
cause itching, smarting, flushing of the face, swelling of the lips and faintness. 
Recovery is rapid after ejection of the poison by vomiting. 

Gingee Paralysis {Jalce paralysis) 

This is a flaccid paralysis of the distal muscles of the limbs without involvement 
of sensory nerves. The arms are affected later. The deep reflexes, especially 
the knee-jerks, are exaggerated. Deaths have been recorded from respiratory 
paralysis in South Carolina and Tennessee from eating Jamaica ginger adulterated 
with triorthocresyl phosphate. 

Jenghol Poisoning 

Jenghol poisoning (Djenkol) occurs in Java from eating a bean, Pithecolobium 
lohaturn, or D. geminum, and was described by de Langen, Hijman and Van Veen. 
The symptoms are chiefly pain in the renal region, dysuria, and often anuria. 
The urine frequently contains blood-casts and sharp acid crystals of jcngcolic 
acid. The presence of these crystals in largo numbers in the urethra causes 

necrosis, fistula and extravasation. The 
jenghol bean has a high vitamin-B content 
and is used as food in spite of its toxic pro- 
perties. The beans are buried in the ground 
for ten days and oaten when they begin to 
sprout. Ingestion of these beans by normal 
persons is followed by an increase in excretion 
of sulphur. 

Datura Poisoning 

Various plants belonging to the order 
Solanacese are used in many parts of the 
tropical world to produce unconsciousness. 
The seeds of Datura fastuosa are used by 
Thugs in India for this purpose, but datura 
poisoning is by no means confined to India. 
The seeds have a slight taste and are con- 
sequently easily introduced into food ; their 
intoxicating properties are widely known. 
D. sanguinea is used in Peru and Colombia, 
D. ferox and D. arborea in Brazil. The 
characteristic seeds are found in the faeces and, in fatal cases, in the small intestine. 

Manohinebl Poisoning 

The manchineel, or manchineale, Eippomami rmncinelh, belonging to the order 
Euphorbiaoise, is a tree thirty to fllffcy feet high and of a oircunoferenco of five to 
, ten feet, distributed along the coastline of North, South and Central America 
and the West Indies. It is particularly common in Barbados, Grenadine Islands, 
arid the Archipelago of Les Saintes, in French West Indies. Two varieties are 
, recognized, one with “ holly ” and the other with“ laurel ” leavfes; both are equally 
toxic. The first, which resembles a crab-apple, has a pleasant odour. (Fig. 192.) 



Fig. 192. Eippomane man- 
cineUa, fruit and inflores- 
cence. {After K, V, Earle.) 
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The latex contains a greenish resin, which is the active toxic principle. Like 
the Upas tree, the manchiueol has been said to bring death to those who sleep 
under its shade. All ])arts of the tree are toxic, but the amount of latex in any 
portion varies wii h the season ; even the dry wood and sawdust are endowed 
with irritant properlies. Hypersensitive people who pick manchineel apples 
(or fruit) may suffer from a skin eruption with erythema, bullse and vesiculation. 
Toxic dermatitis is especially likely to affect the genitalia and the anus, causing 
a vosiculo -pustular eruption which may be confined to the corona penis. Con- 
junctivitis with pain, photophobia and blepharospasm may result from the 
introduction of the latex into the conjunctival sac. Severe dermatitis brought 
about by handling diicd wood -powder is thought to be allergic. 

If the fruit is oaten, as it may bo by ignorant visitors, children or insane people, 
vesicuilation of the bnccal mucous membrane with diarrhoea and blood-and- 
mucus stools may ensue, hiatal poisoning may result. 

Manohineol juice on the skin should bo washed off with sea- water. Blisters 
should bo ke})t aseptic, and, if extensive, should be treated like a second-degree 
burn. When the fruit has been eaten, emesis shoxild bo induced. 

Alcotioltsm ANT) Druo Habits 

Alcohol poisoning occuirs in varying degrees among nearly all native races, 
and in symptoms and course does not differ materially from alcoholism in other 
parts of the world. Hum (().')--72 per cent, of alcohol), obtained from the fer- 
mentation of molass(^s, is used in the West Indies and South America ; arrack 
(50-00 per cent, alcoliol) is manufactured in India, China, and J ava from fermented' 
rice or from palm sap ; while a slightly fermented drink, toddy, is obtained from 
sw(H^t sap of various palms, and is drunk in India, Ceylon, and West Africa, 
f In South America a potent alcoholic drink is made from the fermented juice 
of Agave, ammeanat and is known as “ pulque.’* 

Opium poisoning. — The opium habit, either eating or smoking — the symptoms 
of which are too well known to require description — is common throughout the 
tropics. Opium poisoning is also a favourite form of suicide, especially among 
women. 

Cannabis indica. — Indian hemp, or hasJieesh, grows in India, Persia and 
Arabia, and is a variety of the common hemp. Cannabis saliva. The loaves are 
powdered down, and cither chewed or smoked in a preparation known as bhang ; 
an extracjt of the fiowors is known as ganga. Both those preparations cause groat 
nervous oxeiteniont and, if persistently used, often lead to permanent insanity, 
the main features of which are hallucinations and illusions. Hasheesh, in 
various preparations, often with the addition of extracts of various Solanacose, 
such as datura and nux vomica, is habitually taken daily by millions of the 
inhabitants of Africa and Asia. The most stringent Government regulations 
have been framed to suppress trade in this drug. 

Kawa, or yangona, the powdered root of one of the Piperacom, prepared to 
form a beverage, is drunk on festive oocasions throughout Polynesia. Formerly 
the root was masticated by specially selected girls in the preparation of the drink, 
a practice which was then a prolific source of tuberculosis. Over-indulgonce in 
kawa induces a state of hyperexcitomont, with loss of power in the legs. Chronic 
intoxication produces debility, with coarse roughened skin. 

Betel. — Chewing betel, the leaves of Piper betel, together with lime and 
areoa nut {Areca catechu), is a common practice in India and Ceylon, and generally 
throughout the East. The mouth, lips and teeth are stained a bright-red colour. 
It produces a flushing of the face, and has mild stimulant and possibly anthel- 
mintic properties. In Central Africa the nuts of the kola tree {8terculia sp,) are 
chewed habitually, and act, like betel, as a stimulant, without, it is said, pro- 
ducing any detrimental effects. 
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Cocaine I E n/fhvoxoloji cocoa) is widely used in India and in parts of South 
America as a stimulant and intoxicant. The leaves, first dried in the sun, are 
chewed ^ith lime or, as in India, with betel. This drug produces a loss of sensa- 
tion in tongue and lips, the pulse is accelerated and there ensues a period of 
hilarity and'^exaltation. The drug addict soon becomes emaciated and cachectic. 

Mushroom Poisoning 

There are many poisonous species of mushroom, particularly the genus Amanita 
in Southern Eui'ope and U.S.A., more especially A, 'plialloides, the “death 
cap.” These mushrooms cannot be distinguished by their taste and are said to 
possess an agreeable flavour. They can be recognized by persistence of a portion 
of the veil encircling the stem a little below the cup. A. muscaria contains an 
alkaloid, muscarine, which is allied to pilocarpine. Atropine constitutes an 
efficient antidote. 

Flax Darnel {Lolium linicolum or L. te 7 nulentum) Poisoning 

Brinton (1946) has described recurrent epidemics of food poisoning in the 
native population of Aden due to Ethiopian wheat containing this poisonous 
weed, known in local Arabic as Miscara (“ tipsy ”). Each weed seed is covered 
by a mould known as temuline. Within a quarter of an hour the patient becomes 
dizzy, with headache, slurred speech and generalized tremors and staggering 
gait" Sometimes there is diarrhoea, nausea and abdominal pain. Stupor and 
coma supervene and last for about ten hours. This state is known as “ Lolism ” 
and is common in Ethiopia. 

Catha Edulis or Miraa Poisoning 

Miraa is a local name (muiragi, khat, caffca) of a tree, C. edulis, about 20 ft. 
in height, indigenous to Africa. The leaves or twigs may be chewed or infused 
to make “ Bushman’s tea,” or may even be smoked, when it induces a happy 
mellow sense of friendliness. Carothers (1945) describes cases of mental dis- 
turbance in addicts. (7. edulis contains three alkaloids, cathine, cathhime and 
cathidine. Except that it is not an analgesic the action resembles that of cocaine. 

Epidemic Dropsy 

Synonym.— Argcm one Oil Poisoning. 

Definition. — Epidemic dropsy somewhat resembles beriberi. Clinically, it is 
characterized by dropsy associated with cardiac symptoms, but without paralysis 
or anaesthesia. 

History and geographical distribution. — This condition was first noted 
in Calcutta in 1877 ; it has since occurred there sporadically, but vanishes in 
the hot season. In Mauritius, in 1879, it affected one-tenth of the coolies, of 
whom a large number died. An epidemic broke out in Fiji in 1926 and was 
limited to Asiatics ; no native Fijians were affected. In Purulia (Nagpur, India) 
there have been epidemics at intervals since 1913, the worst being in 1934 
when over 2,000 were attacked. Meaker (1949) has described an outbreak in 
coloured labourers in N.W. Cape District. 

.etiology. — ^In spite of the apparently wide distribution of this disease, most 
of the information comes from India, where this form of poisoning is especially 
seen in the Hindus, particularly in females. Children under puberty are less 
liable than adults ; sucklings are seldom affected. The weak and the robust 
are equally susceptible. It has been remarked that very few are of the poorer 
class, nearly all coming from the middle and upper classes. 
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The outln'cak in Fiji in 1926 was attributed to mustard oil used in the prepara- 
tion of curries, and later, Banerji and Ghosh in Bengal came to the same con- 
clusion. The Mexican poppy, Argemone mexicana, is a common weed in India 
as •w^ell as in Australia, where it is usually mixed with wheat and fed to fowls. 
In them it produces changes in the comb, paralysis of legs and oedema of wattles 
and subcutaneous tissues remim'scent of epidemic dropsy in man. Bhattacherjee 
was the first to bring forward evidence that oil from the seeds of this poppy 
was responsible for toxic manifestations in man. Later, Pasricha showed 
that the toxicity of contaminated mustard oil could be eliminated by heating 
to 240° C. for fifteen minutes. Lai and his colleagues found that the seeds of 
A. mexicana (Sialkanta in Hindu) are present in many stocks of mustard seed in 
India, used in the preparation of Katakar oil for cooking. Cullinan (1947) de- 
scribed an outbreak amongst African troops in Madagascar which appeared to be 
due to fungus-infected rice. Sanguifwine is believed to be the toxic principle of 
argemone oil. In animal experiment it has been found to cause capillary dilata- 
tion and interferes with oxidation of pyruvic acid. 

The aetiology now appears clear. Argemone oil, under experimental conditions, 
produces symptoms indistinguishable from those of “ epidemic dropsy.” It can 
be detected by a simple colour test, on adding nitric acid to contaminated mustard 
oil. Sarkar did not consider that this is sufficiently delicate, but stated that 
argemone oil, when heated with ferric chloride in the presence of strong hydro- 
cliloric acid and ethyl alcohol, gives an orange-red precipitate. Two ml. of the 
oil to be tested are taken in a test-tube, 2 ml. of concentrated hydrochloric acid 
are added, mixed and heated in a water-bath at 92-95° P. for two minutes. Then 
O'S ml. of ethyl alcohol is added, the mixture shaken thoroughly and kept in a 
water- bath for one minute. Two ml. of ferric chloride solution are then run in, 
the contents mixed thoroughly by shaking, and the whole heated in a water-bath 
for another 10 minutes. 

Pathology. — De described as characteristic extensive vascular dilatation 
in the deeper layers of the skin. The heart-muscle shows no degenerative changes, 
but there is thinning of the muscle-walls, and muscle fibres are separated by 
dilated capillaries ; similar changes are present in the ciliary body of the eye, 
leading to excess of fluid in the anterior chamber. Shanks also found capillary 
dilatation wherever the vessels are least supported, and this is most obvious 
in fatty tissues, whether subcutaneous, subpericardial or subperitoneal. Similar 
changes are seen in the lungs, in the cervix uteri, in the ovaries and in the 
intestines. The liver usually presents a “ nutmeg ” appearance (Shaba), ti 
Fiji vascular outgrowths resembled sarcoids and bled profusely. The chief 
changes occur in the blood-vessels, which are dilated and surrounded by pro- 
liferating endothelial cells. 

Chatterjee and Haider found that in an average case the total erythrocyte 
count is about 3-8 millions, whilst the haemoglobin is reduced to 11 grm. per 
100 ml. The lymphocyte percentage is raised and there is usually considerable 
eosinophilia. The reticulocytes are not increased as a rule. 

Symptoms. — ^Dropsy is almost invariably present. It usually appears first 
in the legs, and in some instances is confined to them ,* in others it involves the 
entire body. Occasionally, it is very persistent, recurring during convalescence. 
Fever also is very constant ; sometimes it precedes, sometimes it accompanies, 
sometimes it follows the dropsy. It is rarely high, ranging usuahy from 99° 
to 102° F. Diarrhoea and vomiting generally ushered in the disease in the 
Mauritius epidemic. In Calcutta these symptoms were not so frequent, although 
by no means rare, occurring at both earlier and later stages. The total duration 
is about six weeks. An outbreak in the employees of the E. Indian railway 
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was reported hy Goel in 1945. There were 476 cases. The largest proportion 
^'ere cedematous and a considerable number had diarrhoea and pyrexia. 
(Edema of feet and legs lasted for two weeks. There was patchy pigmentation 
over nose, malar bones and shins. Tachycardia was common and mortality 
4*4 per cent. 

Peripheral neuritis is absent and the knee-jerk is not abolished, but usually 
distressing aching of muscles, bones and joints is prominent. An exanthem, 
erythematous on the face, rubeolar on the trunk and limbs, was frequently seen 
in Mauritius, less so in Calcutta. It appeared about a week after the oedema 
and lasted from ten to twelve days. On the skin, vascular nsevi often appear 



Fig. 193.— Nodular lesions (sarcoids) in epidemic dropsy. {After De arid Chatterjee.) 


md may bleed profusely, while telangiectases are common. De and Chatteriee 
described the eruptions as “nodular,” resembling sarcoids, in some epidemics, 
while lesions on the mucous membranes have been noted. They do not 
moonvenience the patient, but may bleed uncontrollably. Eoebymotio patches 
ooMist, not of hsemorrhage, but of telangiectases. Three to six weeks after the 
tost symptoms, nodukr excrescences are seen ; there may be 100 or more • 

Disturtoces of the heart and oiroulation are prominent in nearly aU the 

S the blood-pressnre low ; cardiac 

bmts are ofen noted. Breathlessness on exertion occurred in all oases, severe 
orthopuoea m many. Signs of pleural and pericardial efiiision, of mdema of 
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pneumonia, and of cardiac dilatation are common. Hawes stated 
la tne lung signs are characteristic and resemble a bronchial spasm wdth de- 
lective aeration. AiiEemia is usually marked, and so are wasting and prostration, 
llie urine is not albuminous, but of low specific gravity and greatly increased in 
amount. Concurrent glaucoma is not uncommon (Kllrwan). 

Diagnosis. It may be necessary to differentiate epidemic dropsy from the 
obseiwed in Central Europe and Egypt during the 1914-1918 and 
LJdJ 1J4:0 wars. The latter occurred in a population undergoing dietetic 
lestiiction^ and^ was characterized by great emaciation and a high degree of 
aiicieinia. Experiments with rats fed on diets deficient in proteins and salts 
produce a condition not unlike nutritional oedema. From oedematous beriberi 
the disease is differentiated by pyrexia, the peculiar erythematous rash, and 
persistence of the deep reflexes. A history of family outbreaks foUovung the 
use of mustard oil suggests epidemic dropsy. Not all batches of oil are contamin- 
ated with argemone oil. 

Treatment is based upon the facts: (1) the adulterant argemone oil is the 
piimaiy cause; (2) that it is a cumulative poison; (3) that it causes capillary 
dilatation and permeability; (4) the serum albumin and calcium are reduced, 
whilst serum globulin is increased; (5) carbohydrate metabolism is checked at 
the pyruvic acid stage; (6) myocardial damage is set up. Antihistaminic drugs 
such as phenergan benefit though no rise in blood histamine has been demon- 
strated. ^ Kestoration of damaged capillaries by vitamins C, E and P, protection 
of the liver by a diet rich in protein and fat with glucose and insulin (10 units 
twice daily) is indicated. The calcium deficiency is restored by 10 per cent, 
calcium sandoz intravenously. 
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was lopovf^icl by in I'.M.I. Thore +7(i ctwos. lari'.si. proportion 

wore a«lenia(i)iis and a eoii.si(li'ral)le numlwr had diarrlnea aiid |>yroxia,. 
Qildetiia of feet and Icf'w lasted for two weeloi. 'I’lua-e was pateh\' pignu)tit.ation 
over now', malar hones and shins. 'IVdiyeardia was eominon and rnort,alii.y 
4 '4' pGr (^cntf 

Poriphoral neiirilis is absent and tho knoo-jerk is not abolished, but usually 
distressing aching of innscles, bones and joints is prominent. An cxunthein, 
crytlicmatous on the fa(! 0 , rnboolar on the trunk and limbs, was froipieniJy soon 
in Maiiriliiis, loss so in Calcutta. Jb appeared about a week alHxT tbe (edema, 
and lasted from ton to twedvo days. Ou tho skin, vasciular nawi otten ap[)ear 



Fig. I93.—Nodular lesions (sarcoids) in epidemic dropsy. {After Ik, and Ckulterjee,) 

and may blood profusely, while ioIangiectaHes ar(j (umunon, !l)(^ and Chattterj(^o 
described tho eruptions as nodular,” rescnnbliug sarc-oifls, in som(» ej)uhuni(!H, 
while lesions ou tho mucous numibranes have beim not(^d. 'I'luy do not 
inconvonionco the patient, but may bleed umurntrollably, b3(udiyTtu>ti(‘. patctlu^s 
consist, not of haimorrhage, but of telangioctaseH. to six w(Md<H aft('r tlu^ 

first symptoms, nodular excresconcos are seiai ; there may b(^ 100 or more ; 
they may bo sessile or podtmculated, varying in sisce from a i)oa to a lemon, and 
they bleed readily (Mg, 193). 

liisturbancos of tho heart and circulation arc prominent in nearly all tho 
cases. The pulse is weak, rapid and irregular, tho blood -pressure low ; e-ardiac 
bruits are often noted. Breathlessness on exertion occurred in all cascss, severe 
orthopnoea in many. Signs of pleural and pericardial effusion, of oedema of 
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the hnigfl, of ])n('(inionia, and of cardiac dilatation are common. Hawes stated 
that- tlic lun^ siojns arc cliaraciteristic and resemble a bronchial spasm with de- 
fective aeratioti. Anicmia is nsnally marked, and so are wasting and prostration. 
The urine is not aU)niniiious, but of low specific gravity and greatly increased in 
amoufii;. (k)ncurrent ghuicoma is not unconunon (Kirwan). 

Diagnosis. — It may be necessary to differentiate epidemic dropsy from the 
war oedema as observed in Central Europe and Egypt during the 1914-1918 and 
h)89-l94r) wars. The latter occurred in a population undergoing dietetic 
rc'sl.rietions, and was characterized by great emaciation and a high degree of 
aiijemia. I^xp(‘riments with rats fed on diets deficient in proteins and salts 
])ro(lu(‘t‘ a (Condition not unlike nutritional oedema. From mdematous beriberi 
the disease is dillereiitiated by pyrexia, the peculiar erythematous rash, and 
porsisteiU'C' of tlu^ deep reflexes. A history of family outbreaks following the 
us(' of mustard oil suggests epidemic dropsy. Not all batches of oil are contamin- 
ated with argemoiio oil. 

Treatment is based upon the facts: (1) the adulterant argemone oil is the 
primary cause; (2) that it is a cuinulativo poison; (3) that it causes capillary 
dilatation and fKwmeability; (4) the serum albumin and calcium are reduced, 
wliilst. S(U’um globulin is imax^med; (5) carbohydrate metabolism is checked at 
the pyruvie acid stag<^; (0) myocardial damage is set up. Antihistaminic drugs 
siuh as pheiKM’gaiU luMietit though i\o rise in blood histamine has been demoii- 
si<ra.t»(‘(l. ]{('Ht()rat<iou of damaged cajnllarics by vitamins 0, E and P, protection 
of tJu^ liver by a diet rich in protein and fat with glucose and insulin (10 units 
tvhx' daily) is indicatcxl. The (xilchim dofieienc^.y is restored by 10 per cent, 
eahdum sandoz iuiiuvcniously. 
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Poisonous Snakms 


Rnakios form Ji Kiib-ordi^r of tlio ropiili'S and liavo didiiiila^ (dianu‘t('rs. 
Tho qiiadnito bom^ is tirl.iculaU^d to tbo skidl, but tlu'iHj is no i,yiiii)iuii(‘, 
cavity. Tbo braiii-capsub^ is ossi'ous, and tlu^ niandiblt^s nro nniU^d 
inosially by a highly obistic Iij>[aninnt. Tlu^ limb ^n'rdb^s ar<^ al)scid, or 
rocliicod to iiioro vostii^n's. A pcnadiar b^a-tuni is that, i horo a,rc no inovmblo 
eytdids, but tho oyos iiro coViTod with a. tra,nspa,r(Mii. disc, Avliicli is sIumI 
wilii tbo rest of tlio 0 ])id(‘rmis. Tbo ton^nio is doi'ply bilid and is rotraotilo 



Fij?. 194.— Poison apparatus, venom Rlaiid, and muscles of rattlesnake (lateral view). 

{After Dnmnmj^ in fionlenijeAfi '' iSVa/to of Ihropo,'") 

(r., Vi'nom-jjflimd ; «/, vMiiiom-iliu’l, ; /», iiniiiTior mtiNcli* ; h\ numillbuhu’ iioHiliui nf hiuiu*; 

f, i)(»HU'H(>r a'liiporiil miiHclc ; r/, diuraHlricUH mumdr ; <•. lii'aniciit. nr I'ltiiiti ; /, hltnnlli of 

(7, iiiidilln U'lOiKjriil niiiscln; A, <‘\t(‘niid ptoryt'old iiiiisi'lo; /, iniiNdliiry HMlivitr.v ffbud; 
/, niiiiiilibuliir Hidiviiry jifln-n'l. 


into a basal sheath ; b\it is protrusiblo ■wluai tlu^ month is closod throu{j;h a 
notch in tho rostral shield. As in tbo lizards, tho anal (dolt is i.ransv(n‘so. 

Characlers used for ideutijicafion and classification, — ()siitu)Io{^d(;a] and 
dental characters arc oinployud to dot(*nnino fainilit^s and ^fotu^ra., and it is 
therefore necessary to und(3rstaud tho various typ(3s of ophidian skulls a,nd 
the difff^rent arrangement of fangs and solid tooth. Por generic, and spocilit^ 
distinctions the form and number of the opidc^rmal sluolds and scalt^s arti 
of groat importance. 

Tho arrangement of tho scales on tlie head is sliowu in Ifig. 195, and 
that of the prefrontal and proocular scales varies in difforout sptJfiios and 
genera. In the crotalinse, or pit vipers, tluiro is a sensory uvtMil pit situated 
between tho eye and tlie nostril. Viporini^ snakes can generally bo 
distinguished from the colubrinm by ihoir smaller size, th(3 angular shape 
of the head, and the sharp stumpy tail. Tho maxillm are vt^riically 
erectile, with enormously enlarged tubular fangs situated ant(3riorly 
(Kg* 196). 
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ANIMAL POISONS 

POTKONOUS SNAKFiS 

Snakes form a sub-order of ilio reptiles and have deliiiite (diaracters. 
The quadrate bone is articulated to the skull, but tluire is no tympanic 
cavity. The brapin-capsule is osseous, and tihe mandibles are united 
mesially by a hij^bly elastic li^uimeiit. The limb girdles are absent or 
reduced to more vostigc^s. A pi^culiar features is that iiln^re are no movable 
eyelids, but the eyes are covered with a transpanuit disc, whicdi is shod 
with the rest of th(^ epidermis. The tongue is dee])ly bilid and is rtd.ractile 



Fig. 194.“— Poison apparatus, venom gland, and muscles of rattlesnake (lateral view). 

(After Duvemoy, in fiouknyefa ISnaheti of tkropo,^') 

a, Vonotn-p'liiml ; u\ vcitioin-duci ; /», lUiWtor inuHclo ; h\ inatiillliuliiif portion of Himur, 

r, ponUdor toniporiil iinisolc' ; </, (liKUHtricus hiukoIo ; pominrior llKunKoit of ; /, Hht‘utli of 
fiiiiK; (h uiiddlo loniporul iimw'lo; nxt(*riml ptor.yi?olil immclt*; maxlHiiri' Huli\niry 
nuuKlibulnr will vary Klmnl. 

into a basal shoath ; but is protrusiblo when tlxo mouth is cIosikI tlirough a 
notch in the rostral shield. As in the lis^ards, tho arnil cleft is transverse. 

Characters used for identification and classijieation . — Ostiiological and 
dental characters are employed to dotennino familu^s and gcuu^ra, and it is 
therefore necessary to understand tho various typfis of ophidian skulls and 
the different arrangement of fangs and solid tooth, Por gtaioric and specific 
distinctions the form and number of the epidermal sliiolds and scak^s are 
of great importance. 

The arrangement of the scales on tho head is shown in Pig. 195, and 
that of the prefrontal and proooular scales varies in different species and 
genera. In the crotalinse, or pit vipers, there is a sensory uveal pit situated 
.between the eye and the nostril. Viperine snakes can generally bo 
distinguished from the colubrinte by their smaller size, tho angular shape 
of the head, and the sharp stumpy tail. The maxilleo are vertically 
erectile, with enormously enlarged tubular fangs situated anteriorly 
(Pig. 196). 
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Tlio poison apparatus consists of a pair of venom-secreting glands 
coiinooted by ducts to the poison-fangs in the maxillse ; they are analogous 



Fig. 195. — Head-shields of Causua rhombeatua, 
{After Boulenger, '' Proc. Zool SocP 1915.) 



Fig. i9(i. — Skull of Trimereaurua graminma, upper view and side view. {After 
Jioulengerf “ Vertebrate Fauna of the Malay Peninaula ; Peptilia and 
PatrachiaP) 

«r, Artlenlur; btwiow'ipittil ; ca, colurnolla auris; d, doutary; eo, oxocciiiital; /, frontal; 
r/i, maxillary; n, iuihiU; p, parietal; poison-fans; p/w, pnomaxUlary ; prf pi-toErontal ; 
pro, I)rotltlo ; pt, pfcorygold ; ptf, postfrontal ; quaiirato ; st, supratomporal ; tp, transpalatine. 

to tho parotid glands in mammals. These glands, situated in the temporal 
regions, are operated during the act of biting, when they are squeezed by 
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the contracii(ni oi' tlio toinporal luusclo, the vonoin oxpolltul by 

means of the grooved or lulmlar fangs. (Fig. 11)4.) In ilio iVfrican 
“ spitting cobra, s ” the vtMioin is ojoctod \vitli gmat force into tln^ face of 
the enemy. 

In striking, tin' smilvt' tlirows itsedf forwiml witli gri^jit violence. On i,ho 
\vho](J vipca'S strike witli greater vidocii-y tlian (udnhriiU'S. Must strike 
witli till' jaws closed, but as the head ap|)roacli('S the vicdini, the mandibles 
are depressed by rapid contraction of thi' digastric a,nd other niuseles 
and simultaneously the fangs are (dova.ti'd and rotated forwa,rd. Tlio 
fangs of colnhi'ines are grooved and shorter tluin those' of vipers. Closure 
of the jaw is brought about hy the simultamams contraid.ion of the 
temporal muscles which strongly idi'vai.e tlu' manilible (Kig. 1!)7). Jn 


prn 




Fig. 1 07.- -Skull of Naja mija, upper view and side view. 
{After nouloujar, Catalotjuc of vol. Hi.) 


(tr , .VrUiMilju* ; 'diMitiuw ; ; /, fi'oiiliii ; wj, niiuillary ; 

fiinj?; pin^ piniiuiixilliu’y ; prf, prn'mnil.ul ; pro, lUMKiUc'; 
(lUiitlDiU! ; ,>y, Hujinil.o.ru[)oral ; tp, ImiiHinihiUm*. 


MMKal; /<, pMrlctiU ; /g, poiNdii- 
pf, pUMyaolil ; ptf, l)urtl,l'i*(ml,)il ; 


vipers, expulsion of tho venom is instantaneous, and indi'pmident of 
fixation of the lower jaw. Immediately after the insertion of the fangs 
and accompanying discharge of vonom, contraction of tho retractor inuscdes 
drags the elevated fangs downwards and backwards through the iisstu's. 
Impression of the fangs and the pterygo-palatino indentations may be 
made in K('rr’s impression compound of dimtal wax, and hy this niidhod 
it has been found that tho distance between the fang pini(‘tures alTords 
a fair index to the venom-yield. Death may follow inoculation from a 
single fang (Fairley). 

The lethal dose of venom varies witliin wide limits when ti'sted on 
different species of animals. The killing capacity of difh'rent venoms for 
sheep, estimated in terms of average venom-yieid, was found by Fairley 
to be : 118 for the Australian tiger snake {Notechu sciUat%s), 8b7 for the 
cobra, 2-2 for Russoll’s viper, 84*7 for tho Australian death-adder (icaw- 
tJwpis antarciims), 8*9 for the copperhead {Denuonia mperha)^ and 1*5 fur 
the black snake (Pseudechis jioTjpliyriaaiui), 
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Tbo venom, a clear, amber-coloured fluid, is composed of modified 
proteins. It is of two kinds ; that of the Viperidce (vipers) acts principally 
upon the vascular system, but that of the Colubrince, Ela])moe and Hydro- 
'phiim, i.o. cobras and sea-snakes, acts upon the nervous system and brings 
about respiratory paralysis. The specific action of venoms appears to 
dop(md upon the forinents and lysius they contain. As far as is known, 
tilie following substances outer into their composition : fibrin ferments ; 
])rot(H)lytic Jernuaiis ; cytolysins acting upon red cells, leucocytes, 
epitbthal and iuirv(^ cidls ; agglutinins; and neurotoxins with affinity for 
all utu’vous lassue, (^specially for the respiratory and vasomotor centres. 
Jt was shown by Pepow that the addition of 0*4 per cent, formol (10 per 
(UMit. fonuiild(hyde) to snake venom, and its maintenance at 38® 0., 
ia'anslbnn it into anavenin (analogous to anatoxin in diphtheria). 

Wil.ts and llol)son conliriniul the observation of Trevan and Macfarlane 
tlijit the coagulant action of Ibissell viper venom on blood and plasma 
vim hv (uihanciMl ly addition of lecithin. Leathes, Mellanby, and later 
Pratt, showed tliat the venom acts as a tlirombokiiiase, converting pro- 
throinhin itiio thrombin, in the presence of calcium, and that lecithin acts 
U.H jui a,djuvant. 

Siauirai meclieinal iiS('S for snake venom have boon suggested, and it 
appisirs from the work of Macfarlane and Burgess Barnett that the venom 
of .HiiSH(‘irs vip('r a.(‘.ts aiS a certain styptic in luemophilia. One drop of a 
1 ill 1 ,000 solution of the venom, when added to ton drops of hiemophilic 
blood, laiused clotting in soveaduen seconds, although without venom this 
took iliiriy-five minutes. Tu a normal person hiemorrhage from a tootb- 
soedud or tonsil-l)tKl, or capillary oozing into an abdominal wound is 
controlled instantaneously. In luemophilic ])atients with bleeding tooth- 
Hocktits, liaimorrhagc ceases whoh the wound is lightly plugged with gauze 
soalu'd ill v(nioni 1 in 10,000, but, as Cambrook pointed out, for dental 
])urpoS('S the viaioiri is unstable unless kejit in an ice-chest. Cobra venom 
also j) 0 ss(!sst^s analgesic properties, and has been omployod for the relief 
of jialn, for which purpose the dried scales of the venom are dissolved in 
{iliysiological saline in glass ampoules. Usually 2 or 3 units are first given 
1-0 i.t'st wlu'ther ihe patient has an idiosyncrasy to the toxin, and then 
f) units are iiiji'cted intramuscularly, to be repeated daily if marked relief 
from pain is obtained. This venom has also been employed in the treat- 
ment of ejiilopsy, but results are so far inconclusive. 

Symptoms of snake-bite in man.— The physiological action and 
Kymi)toniH produced by snake venoms can be classified into two groups, 
coluiirim^ and vip<3rino. 

1. (hluhr%ne.--'hi cobra-bito (Pig. 198) {Naja naja) there is severe pain 
a, ml the jiart becomes inflamed and oodematous. After an hour the patient 
becomes dull, apathetic, and unable to stand. Nausea and vomiting, with 
profuse salivation and paralysis of the tongue or larynx, supervene. Soon, 
iib(» respiratory centre becomes involved, and respiration ceases entirely. 
Should the patient survive the paralysis, recovery is rapid. The pupil is 
contracted throughout. The king cobra, or hamadryad {Naja bimgarus), 
is the most formidable and aggressive of all the cobras. 
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Thobilioof llidkrait {IhtntiarH.sJasrinlu.^, n>l>l is o^iivnu^y 
especially in NurM)(‘ni India ; tlio symptoms arc similar to those ])ro(luoo(l 
by ilio cohj'a. Dcmlntsjm rirnlk, a vimt a^il(^ nod a^jj^^ri^ssivi' spt'cios, is 
regarded as tin* most dangi'roiis of African simkc'S, 

The symptoms c.ausiul by th(‘ bite of tlu' Austraiiao (‘obi brines may not 
be very scvtno, but constitutional elTocts a,p])('ju: \vitli gr(‘a.t rapidity— 
sometimes in as short «a p('riod as liftiuMi minulos. A feeling of faintiu‘ss 
and irresistible desire to sleep are soon IoHowimI by ])art‘sis of both legs, 
vomiting and cardiac ])a,ra, lysis. Tho])upil is widely dilatod and insensitive 
to light. Siionld the pat.iiMit survive the (‘om;i, ri'eovmy is eoinplet.t^ and 
no seijiudic occur. 



Vi^, 108.— The cobra {Nuja 



Fi}?. 199.— The krait {liiaigam 
famalitfi). 


Fig. 200, The daboia [Vipcm 


2. Vipetine . — Vor the type of k^sion produced by tlm vipiadues, that of 
Uussidl’s vipc'r, the daboia. {Vipem rnssellii, b'ig. 2t)()) may la^ taivon as n,n 
example, idiis spc'cies is i^xtnmudy (loudly ; t.he hitn (amst's sevia’o pain 
with rapid and extonsivo (mbmia, togu'tluu' with hlood-staimul disc.hargc, 
and occ.liyinosc^s around the site of tlu^ pimctun'S. (Collapse, small thready 
pulse, nausea and vomiting, a.nd dilati'd, insensitive [)upils, soon sipanweue, 
tc'igmther with a loss of conscionsiiosH, more or hw comphd.i', from whic.h 
temporary recovery soinotnnes occurs. Bhould tim olhHdtS of the now 
diffused toxin wear off, the local condition of tlu^ wound becomes 
aggravated ; extonsivo su])puration mid sloughing, maligmmt (ndmna, or 
even tcjtanns and lianmorrhagos from the mucous surta(‘.('S— hammturia or 
moluena— may su])ervono. Tliero is no ])aralysis of tho mus(d(‘H, but 
Rog(^rs showed that viporino toxin ]>roduci^a vasomotor paralysis. It is 
more easily destroyed by caustic ag(nitH than colubrine vinioni. 

The bite of Echis carinatm (Fig. 201) is loss dangiTous than that of the 
daboia, but is in many ways similar in its ollecis. 

The bites of the rattlcisnakiis-— !ZVi/ncrc,s’arw.s' and (Jwfulua (Figs. 202, 
203)— are remarkable for iho local disturbance ilmy jiroduct^ Oonsiii.ih 
tional paralytic symptoms come oti (piickly, usually in loss than llfhH'ii 
minutes. Shoal(i tho patient recover, swelling and discoloration oxi.(‘iuI 
up the limb and trunk, and gTOoral symptoms of blood-poisoning with 
pyrexia, restlessness and delirium sot in, The wound suppurates freedy 
and may become hcemorrhagic, or even gangrenous. 
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Tlio syin})l(C)nis produced by the bite of the European vipers resemble 
those ()1 Crofal'us, but are very much milder. 

The inortahty iroin snake-bite, even of the most venomous varieties, is 
not as is po])uln,rly supposed, and is estimated at about 30 per cent. 

TliJit it is iiot Tuoro is pro])ably due to the fact that the reptile is seldom 
able to inj(Kd a full dose of venom. If given a fair chance, the cobra is 
able to inj(‘ct the ecpiivalont of twenty lethal doses at a time. 

1 rentment.' To bo effective, all treatment should be vigorous and 
proni])t. It should bo directed, first, to prevent absorption of the poison ; 
S(H‘on(lly, fiO noutraliyjO, as far as possible, its toxic effects. A ligature 
sliould be ti{‘d around tlio limb, immediately above the bite; for this 
pur})ose, if ifi is at hand, a stout india-rubber band, firmly applied, is the 
besfi liga.tiu’ 0 , or strips of clothing may be loosely knotted round the limb 



lanccolaVus). 

and sul)S(iqu(Uitly tightened by twisting with a stick. It has been shown 
that by lac(d venesedion one-half to one-third of the injection venom can 
be r(nnoV(ul. A second ligaUire, tight enough to obstruct tlie return of 
ih(^ viaieni, but not th(3 arterial circulation, is applied immediately distal 
In ih(^ a.riii'rial ligatiin^ An incision is made into one of the veins (Ira-ining 
f he ar(ni, and a seri(3S of blood-lettings carried out by loosening the 
a,riieria,l ligafairt^ whilst leaving the venous one in position. This probably 
has litiih^ or no (effect in preventing the absorption of the neurotoxius of the 
{‘olnbriniiH, but it is no doubt very effective in localizing the librin ferments 
of ihe vipiU’ines, causing extensive intravascular clotting in the bitten part, 
pr(ivtuiting ihe process from becoming generalized, and affording time fur 
the action of remodios. 

M()l(^ a.n(l Evi‘rard (1347), in the treatment of the bites of EcJiis caruialns, 
aidvo(‘adi^ ihab iiluj bitt(ui part should bo elevated and cooled to reduce 
(urcnlatiou. ConiiinuHl blood transfusion is dtiomed necessary to maintain 
blood volume, despit(i loss of fluid and blood. A high urinary output 
should b(» iudiuuHl by lluids given by the mouth and intravenously, thereby 
av.(u‘l(a‘aiiiug excretion of venom and its toxic products and thereby 
diminishing kidnty damages 

Amputation of the part above the bite has been proved to be elective 
if ])tTl'(>rmed wmiediaiely. 

The al)Sorption time of lethal doses of snake venom has been determined 
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by experiniriiL A(*.bHi and Kiiowlas 100 ol* cobra viaiom 

into ilio (i])S <'[ llio tails oI lour doj^s juid ainputakHl ilioiu 7*6 cm. above 
tho silo of iiKM'idai.ion at oruHiiiiuiic inb'rvals. All l.hii animals diml 
within ])ia'io(l of 45-85 iiuniitos, Lja.L(M\ lAiirloy found (ihali, in shoop 
biiicn o\('r (Jio im‘l:acM.rpa] l)oni‘S by iij^tM' siinkos, :ind excision 

saved lih^ oidy wbiai a])])lied within two iniiuiios. 

The n(‘\t sU^ps must ho directed towjvrds dostroyinp; tln^ poisons reinaiiiinn; 
at tiio sit(i of inji^ction. Tliis is host oiT(H*4(ui by fredy incisin,<r (die biti^ in 
(he diri‘td,ion of tho lynipliaiic and viMions eircida-tion. 'I’Ih' wound should 
bo well swabbed out wiidi a stron,uj solulion of ])otassinni pin'inanf^nuuite ; 
tliis destroys any toxin wiidi which it conu^s in conta^edf. Sonu' advoca,to 
rnbbiiifjf in pennaiifjfanato crystals. Ad.on and Knowli'S ad\'oca.(iiul inji'cddun 
of 10-20 ml. of a 5 ])i‘r emit, sohd.ion of p;old chloriih^ in ox-bile as an ini- 
provomont on ixa’inan^ainale, and at a tatiT datt‘ slialanl that diehlorido of 
platinum (1 in 20()0) is (won latter. Unfortumitidy, bolii thesis snbs(,an(*ns 
cause necrosis of tho tissues. 

A method of tn^atnuait strongly advocad.<Hl by sona^ workm’S consislis of 
cruciate incision at the ])oint of tho hi(i(‘, and a rin|L( (or nion^ than om^ riiif*’) 
of similar inedsions } intdi di‘op, at th(^ advaaicin;.; ('d,!^a^ of tlu‘ svvdlin^^ 
Those ai’ii made in (mhu* to indmjo hammrrha^us wlam sonii^ form of 
suction is applied in an attmnpt (.o witJidraw tho vtaiom from th(‘ tissiii^s. 
Injection of sovoral Imndrod ml. of 1 pi‘r cent, salt suhddon into (ilu^ incisions 
may hel[), if follovvmt by sucldon for .J I hour, r(‘p(‘a.(.(sl for 20 iniuutos 
each hour for 10-15 lionrs. A spocia.1 suction imp is usidnl. 

Alcohol and strychnine won' formmdy n^gardi'd as autiilolcs, hut are 
now known to bo (juiti^ ini'llicacious. 

Carbolic or .bifolmoy soap a.s (irst-adil tn‘a.tnion(> is a prai'bcad nuddiod 
advocated by Aluii^a and Crooks (Ih4()). It has lonpj Im'i'ii known that 
soaps (am d(4oxicato snadvo vimom. (hirmicduu'l, (Vsari and Ihujuat 
showed that ricinoliaite was anti-toxic- in ritro. Succt'ss is obtaii u'd with 
Jjifebnoy soap in 5 per (aait. solution iuhitiratt'd at tlu^ site of inoculation 
and appiiars to h(^ (dhadlve, ad!tm: the laps('- of li hours, and ev(m 
longer, if followi^d by aniivtaume. If a lingiT is bitl.en, a tounii(|u(‘t is 
applied at tho base and another above tho ('Ibow, similarly wdtli the too, 
Th(m 5 piir cent, soa]) (umilsion in a Hbudle syringo should injocd.eil, 
0-5-1-0 ml., at points surrounding tlu^ Into ; 5 ml. in all should ho given 
and bleeding oncouragiul liy crucial incisions with a ra>:or-l)lad('. 

Serum treatnienL — It has long bo(ni known that immunity could bo 
produced in animals by ropeatocl and progressivo itmculation of vcmoni ; 
and a similar result is produced in tliose who have bo(m ropoatodly bitten 
by snakes. This immunity, however, is Hjujcilio only for tho venom of 
that particular species. Calmette atiomptod to })r()duco, in aniivimne, 
a serum active against all snake venoms, but his ^^ni has not bc^en 
substantiated. Vb 

The serum prepared against cobra venom is found tooRinti-toxic to the 
homologous venom, and to a certain extent to that of Bungarus JasrAatm, 
but is without action on the vipornie venoms of daboia, l£ohi% TritnereMrus, 
and Crotalus. The serum produced against daboia venom has no action 
whatever upon the venoms of Naja, Bungarus, etc. On tlio other hand, 
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it lia,s l) 0 ('n shown that the hcemolytic properties of Indian and African 
cobra venoms are practically identical, and the antivenene prepared in 
India a,u;ainst Naja vnja is equally serviceable against N.flaoa, and that 
propanal in South Africa against N. fiava acts similarly against the former. 

In ])ractic(^ the veay important drawback to use of antiserum is that, 
though spochic towards some other species of snakes, it may be impotent 
for tlio |)a.rticula,r s])ocios concerned. The practical method of meeting 
tins unfortnnato circumstanco is to issue an antiserum effective against 
the most (ioinnion and tlio most dangerous snakes in any given district. 

7 VII jiniiivommos are rclativtdy weak in their action as compared to 
autidi})htheritic and aiititotanic sera. The antivenene should be injected 
intravenously in largo amounts as soon after the bite as possible. Acton 
and Knowles doiuonstratod that such a serum must be given before the 
niiniinum hdlnil dose of venom has been absorl3ed, and that it requires 
sonui ton minut(is to lind its way into the circulation. The injection should 
1)0 made inlmiumovdy, and at least 100 ml. should be given. In India 
stu'um fproa,tmout, if available, should be employed in every case, on the 
chniiKU) (.hat the snake concornod was either cobra or daboia. The longer 
antivomaio is wiihlu^ld, the greater is the dose required to save life. Early 
a.[)plication of the tourniquet, by its localizing influence, reduces the 
olTtKdiivt) dose of serum by one-half to ono-third. 

Th(n*e is still much work iio bo done before an efficient polyvalent serum 
can !)(' |)ro<liic(‘(l. One of tlie difficulties is that every injection of venom 
inlio (.he horse for the ])roduction of immunity gives rise to abscess-forma- 
tion, and that the whole process lasts from a year to a year and a half. 

1 1. is estimated that in Jhazil the death rate from snake-bite has, by prompt 
antivonono troatniont, been reduced from 25 to 2*5 per cent. 

Other measures . — Little else can be done, except to keep the patient 
warm. Small doses of alcohol, ammonia and strychnine should be given 
as si.iinulanis, but the practice of exhibiting heroic doses of alcohol cannot 
be too strongly doprocatod. Rogers has advocated, on physiological 
grounds, adremilin in those snake-bites in which the toxins have a marked 
paralyse action upon the vasomotor centres. Acton and Knowles 
suggested artificial respiration for colubrine poisoning. 

Venomous Lizards 

All lizards aro absolutely iion-poisonous, with the exception of a single genus, 
<‘asily HHiognizc^d, inhabiting Mexico and Arizona. Heloderma consists of two 
sp<Md(‘H, .sufipectuni and horridumt both heavy, stout lizards, yellow or shrimp- 
pink in colour, with black bcad-liko scales. They are desort-dwellers, and store 
fat in tluur swollen tails to tide them over periods of famine. Popularly Imown 
as the (hla^ monsters,” they wore first discovered near the village of Gila. 

The poison ai)paratus is in the lower jaw, where venom-secreting submaxiliary 
glands are connected by ducts with grooved teeth. Symptoms of poisoning 
start with paralysis. A large dose produces dyspnoea and convulsions. Post- 
mortem (‘xaminations on experimental animals show a greatly dilated heart and 
vonotis eougotition of the internal organs. Changes in the spinal-cord ganglion 
cells have also been observed. 


* Pronouucoil “ hpela." 
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Toisonous Fisiims 

Poisonous lislii's ('xisi. in most, (impiojil wuUm's, t‘S|HM“ia.lly junoni:; the coral 
reefs of tlu' Pacilic and Indian Ocejins. 'riu'ir vcMiom nuiy ))(' cionvt\V(Hl to man 
eitJier t]imu.i^li tli(‘ l>ii.o or by stings. In on<‘ casi' tiu' i)ois()n is socn'ttal l)y <H‘rtain 
e})itlK'li:iI glands within the mouth; in the otluu*, by })i>ison-glM,nds eonnoeted 
with barbs in the dorsal lin. 'Phe former comprise mori‘ tlian oiu' hundn'd species 
of tiu' genus Murdiut, all of \vhi<‘h possess powerful Ita'tli ea.])a.ble of indicting 
bites (Pig, 204), The ]K)ison seendc'd by the glaauls courses down th(‘ hollow 
teeth. The elVeet of the venom on man is neuro-eardia.e, la.tt.er (‘ontains 

a gr(‘at numl)er of widcdy S('parat(‘(l gemu’u.. In some, ilu' poison liiuls its way 
to the i^xterior only wIkmi the barbs a.re broken, and pro(lue<‘s s(‘V(U‘e inllannnation 
in the wound aiul, it may be, tetanic symptoms. HifiKincria , a spinous genus, 
is w'ich'ly distributi'd tliroughont the. Indhin a.nd Paeilie, Oet^ans, and is one of the 
Seorpivnida' (scorpion fish) ; A’, rcrnicmd is t.he most toxi(i. 'PIu' poison apparatus 
is connected witih th(^ dorsal lin. Plolofins atHjmlldris, known as “ machoira ” 
in Mauritius, lias a similarly wide distribution ; whih' Snrrobyaitr/fii^s Jossilts, 
in the waiters of India, and (Vylon, prodneivs much t lu^ saiine synijiiioms. 

()v(M* forty specii's (.A' Scorpd'tia a.r(' found in ti'opieaJ watt'rs. 'PIumi* int.i'giinKMit 



Fiif. 204.' ' ‘ilfwrau/a tnoroihja, {Aftvr 


is providt'd with numerous rays, the stings of which may e.xeile convulsions and 
ovoii cause death. The symptoms usually evok(‘<l UiH' pain (s\l.(uuling up the 
limbs, profuse sweating, ])allor, dyspmea and tael ly card ia.. is ofUm also a 

morbilliform or searlatiniform rash. Hymptoms arc* eontrolh'd by local injc'ction 
of 5 ])er cent, potassium ^icwmanganate and pain can be* mitigaUal by iulilt.ration 
of 2 per cent, procaine and I in HKM) solution of adrenalin. 

In 8outh American watcu's, siweral spetuc's oi^Tkalamiphruno- have dorsa-lspiims 
containing a central poison-duct eoimec‘.ting with glands. Specuc^s of Trachmus, 
in northern waters as W'ell a.s in the Me(liU*rranean, have two sed-s ol‘ poison 
barbs situated cm the opcweiilum as wcdl as on the dorsal Ilu. ddio venom has a 
general action on the bc^art, besides a ]mrely local eHeet, 

PoisoNoiiH 8ni';inn<Msir 

In the South Pacific Islands fatal ease's of jioisoiiing may bc^ due' to liitc's of 
certain shellfish of the genus (kinus, all of which arc^ adoriu'd with brightly- 
coloured shells. Six at Ic'-ast arc known : (bmu^ iuUpa, (K 'munnomis, (L slnaluSf 
C, geographuSt C, Uxlilu^ and 0. anlicni^, 'Phc'.y arc^ providc'd with a long tubular 
proboscis which can be ])rotrude<l beyond the shcdl, and opeming into it is a sac. 
containing two rows of hollow tooth. Acc^cjrding to (Utuieli ami Kondo (H)43), 
the poison is not deliverc'd directly from the poison gland, but probably on to 
the wounded surface. The symptoms arc‘. acute pain, swelling, iminbiic'SH, and 
spreading paralysis. There may bo early drowsiiuiss, dc^opening into ctoina and 
death. When bitten in this maimer, the Polynesians make small incisions round 
the bite to cause blood to flow freely. Fatalities have been reported in North 
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Australia aiul Polynesia. I'lie first accident producing serious symptoms was 
rc'ported by H(‘rinitl,(! (114(1) from the Seyclicllcs. 

PoiSONOLIS COKALS AND SeA-ANEMONES 

('Joral deniKititis results from cuts in the skin which cause indolent lesions from 
contact with the anthozoa. The surrounding skin becomes red, oedematous and 
itchy. 

S('a-aiUMnones of th('. get\us II ellenopolypus and Aktinion give rise by contact to 
spongeviishers’ or Skevos-Zervos ” disease, itching and vesication, pustulation, 
uaus(‘a and vomiting being produced. The toxin acts like cantharides, and the 
lesions ivn' din^ t.o urti(!a.ting cells in the tentacles. Washing with vinegar and 
the a])[)Jication of olive oil is the best treatment. 

Poisonous Sea-Uuchins 

Iji the Wi^st. Indies, (‘S})etually Barbados, spiny sea-urchins cause septic lesions 
on Ininds and lec^t from punc.tures by the s])ines. The two poisonous species are 
THiyuv.Ui^ios v.sculvnUh^ Jind (U'.ntrttclmins aniillaram, which also have poisonous 
ovari(‘s ami eggs. Sym])toms resembling fish allergy arc produced. This is also 
Hom('tim(‘H associated with the Mediterranean species. 

JllOIinv-EISU PoTSONING 

M(‘dusje of tlu'. g(‘.nuH Ohvlia contain in their ectoderm numerous clear ovoid 
bodi('S, th<5 slanging cjipsules or 'ncmutoctfstfi, which serve as woa])ons of oficnco. 
TIu^ whole a|>pJM’atus is developed in an interstitial cell (enidohlast) which, as it 
approjvch('s maturity, migrates towards the surface and at one point is elongated 
by a (h'li(<jd.e process— the onidocil or trigger hair. When this is touched the 
(iindoblast. uixhwgot's a sudden ooutraction and causes an eversion of the thread, 
af tins has<' of whicih arc minute barbs, which are poisonous and produce a numbiug 
(dle<!t. 'riie stings i)roduee a painful local swelling and a disagreeable urticaria, 
aaid, in susceptible individuals, shock and collapse. 

^rh<‘ l\)ri.ugiu‘so man-of-war (Physalia) is provided with a characteristic stinging 
apparatais, Prom the underside of the float there hang filamentous tentacles 
(gjvsta’ozooids, dac-tylozooids and branching blastostylcs), some of which arc long 
and r(*la‘a.cti!(^ an<r contain batteries of stinging capsules which produce severe 
tlormatil is and irritation in the skin of those who come into contact with them. 

rOlSONING EROM INGESTION OE POISONOUS FISTIES 

(Jas(‘H of lish-poisoning arising from eating the flesh of fishes containing some 
intrinsiis toxin occur uioro commonly in the tropics than in more temperate 
(H)untrics, In many instances these fish may be eaten with safety, except at 
t'urtain Hoa.sons of tlio year ; in others the poisonous qualities are acquired only 
aftcT f(K5tling or living in certain localities. 

barracouta {^phynma barracuda), a pike-like fish, is oaten widely through- 
out. t.bo South Atlanti(i; it is the largo examples, especially those that are 
Hpa,wning, whicli are apt to be poisonous, ami the symptoms arc mainly gastro- 
int<‘Htinal, with parinsthesia. Natives regard as ])oisonous fishes which show a 
whit.ish, watery iliiid when cut u]), or a black, purplish discoloration at the 
base of the t(‘eth. 

In these waters Ciguatera poisoning results from eating Sphyrama 2 )icuda ; 
within a few hours of ingestion, abdominal pain, diarrhoea and vomiting^ ensue. 

There are various sprats {Clupidce) in tropical waters which acquire poisonous 
])ropertios ; among them is 0, longiceps, a sardine found in Ceylon waters, which 
occasionally may produce collapse and oven death. 
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Many sjiiM'ics of Mk' iiU'spnNid Tvtrodon .-ur poisonous, such as the 

tlcalh-lish ol' !Sji\\,ui T, hisiudufi while spt‘eies oecur in rlapaiioso and 
Korean, n wjdtn's. The poison is <‘ontain(‘(! in ovaries and (\u:^s, a.nd eauscs ^j;astro- 
int(‘sl,inal ainl nerv(nis syin))|.oins, soint'l.iines euhninaling in syncope or coma. 

The llesli ofcerlain lislu's normally constitutini!; exetdlcMil. food, siudi as the 
kin^^disli {i'<n)mb(>w)noi'U’^ rnvitUa)^ nia-y oeeasionally exhibit toxic. pro})ertieH. 

in all lorms of fish-poisoning the most eHeetiv(‘ imdmvni is to ('va.cuaio the 
poison hy wasliing out the stomaeh and administering pnrgjiiivos. Other 
symptoms must ho treated on general lines with stimiihints, hot-wat((r botthvs, 
and injunctions of morphia, if iiec<‘ssary, to allevintcn jia.in. 

vSooUPIONS AND SriDMKS (AltAthTNIDA) 

Scorpions are very common in the tropics, and t-lunr st.ings art' very paitifnl 
and cause a (;onsiderahle amount of inconvenienee, though they are not exactly 
dangerous, except to young children, in whom, in addition to loea-l symptoms, 
inuacular cram])S, profuse perspiration, ])yr(‘xia, vomiting and (Convulsions tnay 
bo produced. Deaths have bc(‘n reporfctul from North and South Africa, tho 
West Indies, Mexitm, Korea and Mamdniria. In Trinidad, glycosuria, hyper- 
glyciomia, ])ancr('atitls, jmd even paneri'atitc (cysts, a-n' d(‘scrilK‘d as HOtiiudm to 
scorpion stings. 

In Southern Kuropo and North Afritca. hlatck stcorpions, ICum>r}dm ifoHcus 
and Bvfhm 7naurii,'<, in Mexico tho “diirango” (TV;/^r//v7es'), ii\ Brazil Tityus 
m'oui/dm, in Manchuria. lhdhn,s' tiKtrlcritii, a.r(‘ dr(‘ad(*d (Kig. 205). In South 
Africa tlu^ genera are Ifodogvncs, Opif^tlmphlhtdmu^ a.nd Pambidhus. 

Paired poison -glands ar(' situated in th<' hist or posta.nal H<‘guu*nt- of tlu^ tail 
whiob is jointed and v(n*y ll(cxihl(c, so thal. it can (curvtxl forwn.rdH ov(‘r tho 
body when thoHcor])ion is striking, 'flu^ vuMiom whitch it (‘j(‘(‘t.H is in nuiny r<'Hp(‘cts 
like, tliat of tluc cobra, hut far h'ss toxic. 

Mohammed (19411) isolat'd tin* to.xins in Jimorjdious and cryst-alliiuc form hy 
grinding up dri(‘d poison glands with (puirtz sand, 
c.xtra(‘t.ing with normal saline', clarirying hy 
aluminium sulphate and pr<'cipit.ating by aeetoiuc. 
'The n'fmed toxin is so a(*tive that 0d)l ingm, will 
kill an a.lbitu> rat. 

In South Afri(’a (IrasstT and eolh'agui's have 
found neur<)motor symptoms follow intravenous 
itijixctions of the thnxc main gc'ru'ra. N<curotoxins 
a.!ul hamiorrhagins ha.v<' Ixx'u isolated from tluc 
g(cnus Parahulkufi. 

In th<' trralmnil of se.orpioresting in childrccn, it 
may ho necessary to itxcisc' and thorongldy wash 
out the sting with a strong solution of potassium 
pcirmatiganate. In adults, pain is the pn'domi- 
nating Hym])tom, and this, according to T’omb, (can 
he immediatidy reli('vo<l by a drop of li(iuor 
aitimonim fortis, applied with the stoppi'r of a 
bottle. A Tuorc liberal afjplieation of diluted ammonia is also (‘ITci't ivc, but not 
so immediate in action. ^ I)y(je Sliarp, from (^vp('rienc(cs mostly in his own [jerson, 
advocated immediate injection of an ampoule of m>vo(cain and adn'ualiu in tlu* 
vicinity of tho sting. For tho severe intoxications of (children, Todd prodneed an 
eUioiont antitoxin. The venom extracted from dried stitigs and v<cnoin -glands 
by normal saline is toxic to horse, goat, and most laboratory animals ; while 
the desert fauna, sinch os desert rat, jorhoa, feermoo fox and hedgehog, are 
immune. The antitoxin has been prepared from horses by subcutaneous 



Fig. 20S.“-Scorpion 
{Buthua sp,). Half nafi 
size. 
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inj(H!ti(>u of jJiraduatod doaca of veiionii. In doses of 5 ml. it exerts both 
|)ro])liylaetic, a.n<l (airai-ivo action. Sergent states that severe symptoms dis- 
a|)p('ar very rapidly after s('i‘iim injection. 

Spiders. - Nearly all spiders {Arancev) possess 
])oison -glands, the venom of which is injurious to 
inst'cts, but few arc dangerous to man. Certain of 
the gcMius Ixtirodeciiis arc ]X)isoiious. In New Zealand 
one, L. hasMti, is known as the “ katipo,” Maori term 
for '' night-stinger.” In Southorn Europe, L. tre- 
dvowHjutfaffO'^, the “ inalinignatte. ” (Pig- 206); in 
Palestiiu^ and North Africa, L. hujuhna and L. revi- 
in North and South America, L, 

L. niraravmisi{^, arid L. (jcxmiHncnff arc credited with 
toxic prop(M'ti<‘s, 

Ij, 7nnda}iJi is known in California as the “ Black 
widow spid('r ” ; the adult fcmalo is glossy black 
with (U’imson hourglass markings on the abdomen ; 
in 'rurkt'stan L fridecimgutlatiis is the “ Karakurt 
sf)ider ” ; in Austin lia, Atmx I'ohudus is “ Funnelwob 
spider ” and in South Africa L. mdidinctus is 
known as Kroppic spider.” 

The toxin of tln^. poison -glands has been shown to 
Ix^ jii ])owm‘ful hannolysin, (uuising inflammation and 
mdema at the site of injection, together with numb- 
ness of tlic part and, it mn-y be, urticarial rash. Most observers describe intense 
iK'rve-paJn, whi(!h is said to bo duo to stimulation of the myo-neural junctions 
by th<^ v<‘notn. iligidity and S[)asin of most of the muscles supervene, especially 
t.Iiosc^ oi’ tlu^ abdomen,' which becomes “ board-lilce,” simulating appendicitis. 
Sloughing of the skin in the neighbourhood of the bite may occur. 

Ttealmvni consists in washing out the wound with a solution of potassium 
[)ermanganate (1 in 4000), and administering it by mouth in doses of one teaspoon- 
ful every twx> hours. 

ln(.rav<mous iiijcu-iions of calcium glu(^onaio (10 ml. of a 10 per cent, solution) 
an^ said l>o ri‘lievo the T)ain and decrease the muscular spasm. In South Africa a 
S(Tum wlu(th maitralizes the venom of L, inilidinclnin has been prepared by 
Pinlayson, Jiud similar methods have been used in the Argentine and Russia 
against local s])<‘(dc‘s of Latrodvetvs. 

In Ihu'ii a pruning spider, Ohjptocrmmim gasteracaiUJmdes, which lives in the 
leaves of vines, and is idontilied by its ash-grey 
colour and large globular abdomen with two 
])ronunont tubercles, produces, according to 
Escjomcl, the same symptoms as Latrodcctus, and 
sometimes hiematuria. 

The “ tarantula ” spider, Lycosa tarenMa 
(Fig. 207), occurs in vSouthern Europe. 
Mysterious properties have been attributed to 
its l)ito ; apparently in some specially susceptible 
people oedema of the eyelids and pyrexia are 
apt to result, and gave rise to hysterical mani- 
festations known in the Middle Ages as 
“ tarantism.” The tarantulas of tropical 
countries arc bird -eating spiders of the family 
Mygalidfe. They are trap-door spiders, terres- 
trial in their habits, with prominont projecting 




Fig. 206. — Widow Spider 

{Latrodectns l^-gnttatiis. 
X 2). (After Hirst Adjourn. 
Econoiriic BioV') 
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mandibles whe-Ij give 1<iieni a. terrifying appeara,nce. The North African species, 
CluHopdina .'//r'vrov is Iba.red by Arabs, and its bite is said to give rise to 

acute iiifianimafion. 

CJiINTIPEDKS (]\[YlUArt)DA) 

The Ciiil<)po(ia, to wliicli tlie poisonous genus Soolopendra Ix'longs, ai*i‘ \vid(',ly 
distrilmted in the ti’ 0 |)i(*.s. Tliey a,rc lai*ge creatures, and possi'ss a poison 
a pparat us a t. the ba,si^ of tlu^ first pair of appendages, wliieb are modified to h)rm 
ja-vs. Tie f.ropicat speck's, Scolopvjndm morsifmis, reaches a, huge size, up i,o 
i> in. ; th(' venom causes bofti local and general symptoms. Tlie siti^ of the bifn 
becoiru's infhuned aaul the starting-point of lympliangitis ; dizziiu'ss, lu'adax'iie, 
and vomiting ma,y cnsiK'. 

Tr&itmcvt consists in bathing the [lart witti a strong solution of a,minonia, 
1 in 5 or 1 in 10. J t may lie necessary to give hypodermic injections of morphia to 
alla,y pain. 

TroK Paralysis 

Paralysis from hitc's of Ixodes pilosus lia.s long b(‘(vn rt'cognizc'd by sh(M3p- 
farmers in South Alfiiai. 'flic dis(\a.s(‘ ca.n b(^ reproduccal in slietpi and guinea, -pigs 
and it has been jirova'd that, tlu' virus ca.n Ix' n^jinxiuced hy Uk' gravid fmnale 
tick. 

Hadwen first found that tJu' tack, Dcrviffeenlor aKdersoni, in tJu' dry distri('t,s 
of British (Jolumhia-, ga,v(' rise in nia.n to a, pi'cnlia-r jia.i-alysis which may jirove 
fatal. Tliis lias been r('|K)rt(‘d from Nortb-VViAsl, Sl,at,(‘s of Amcrit^ai and (Jariada, 
from tb(' coast of East a.nd West Austra.lin,, (Jape (Alony, (VctiC, and 

Jugoslavia. J,n Anieri(%’i I). v(iri(tbilis is a, Iso resjionsibh'. ; in Austraiia it is IxMles 
holocyrfus and /. riehius; in Soulili Africa /. pilosus, llivrmiphysalis mmaharma 
and Rhipirephalus slums (Zunipt). A few days a,ft(vr tlu^ at,ta.chment of the tick: 
the pa tii'iit complains of \vH‘a,kness of tlu^ legs, l,h(‘n a,n ascending lla.cind {laaulysis 
develops, afhu'ting both arms and legs, sometinu^s with loss of sphimher (iontrol. 
H(‘lle\es <ire diminislied or aliscmt and tlu're may lu^ rostlcssixnss and axdung of 
limbs, vi'itigo, ])hoto|)liol)ia, aaid vomiting. Signs of bulbar invol vmiKmt, such as 
rt'.spiratory distrc'ss, dyspbagia, and dysarthria may devi^loj) su(l(l(*nly. Ikvith is 
due to rc'spi ra,t( )ry paralysis. Othm’wisi^. the pa,ti(mt recovers {’onipb^tely in 
4S hours. 

'Vo prcvi'iit tlu' ous('l, of para, lysis, reniova,l of tlu' tick must Ix' comph'te, as 
Chillies Boss a.nd oMk'I’s ha ve hIiowu tliat the saJiva.ry glands a,ri^ sources of tlie 
to.xin. A protc'ctive serum has been introdnci'd for tlu' treatm(*nt of tiedv 
pa.ra, lysis in dogs a,nd luis been used sn(xx>sHfully in several hnnuin casi's (Cordon, 
1946). 
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MYIASIS AND LEECH INFECTION 

Unimor t,lu‘ '' inyijiHiH” it, is onsioniary to include a number of traumatic 
condit ions of the tissues caused by partial parasitism by the larvje of certain 
nni Seoul lli(‘S. 

Some of tlu'S(‘ flies deposit their eggs or larva?, in wounds or in the natural 
()|)('nings of the body ; in other t‘.ases tlie grubs, on hatching, burrow into the 
snl)(mtfan(H)nH tissues : others imitate the habits of a tick, and emerge from their 
hiding-plact'H to feed on blood by ])uneturing the skin. Intestinal myiasis appears 
to !){' a>n ae(‘i<l(‘ntal condition in which the larvfe pass through the intestinal 
canal. 

Nasal, AuuATi, and Ocular Myiasis 

TIu^ scr(‘vv-worm lly, C oc/dio nu/ia hoyahnvorax {Ai[)[)oiidix, p. 1058), is common 
in Anuu-ica., ranging from Canada to Patagonia. Most active during the heat of 
(.he day, normally de[)osi(.ing its eggs upon open wounds or on dead animals, it 
a-li-aeUs peoph^ sleo[)ing in the ('})en air, especially those who have any oITensive 
discha.rg(‘S. 

( *ompn.ni.(.iv('ly ortcni the fly lays its eggs in the nasal and aural cavities, as well 
as on open son's. ^Plu' larvae, known as screw-worms, burrow into the tissues, 
(h'voin’ing in tlu'ir j)assagc^ mucous membrane, muscle, cartilage, periosteum, and 
('V('n l)ont*. 'riu\y may p<'n('tra(-e the bra.in and cause death. CalUtro(/(t [Cochlo- 
wifia) umornvmi is ad.nuded (.o wounds and sores. Epidemics of myiasis due to 
this lly hav(‘ l)('('n r('])ort('d in ('hile by ’’Pobarand Honorato. 

('Iirf/soinipa hozzima (Appendix, p. 1058), is a true Tuyiasis-producing fly 
n(‘V('r breeding in dead bui always in living tissues. It has a wide distribution, 
lu'ing found in India and (loclun-C-hina. It appears to have a predilection for 
human ln'ings in India, tin? female, as in 0. homivioorax^ laying her numerous 
<‘ggs in t.b(? nasal cavity oi* in tissues from which offensive discharges emanate. 
In llu^ H. Pacufie in th(^ 11)89-1945 war Chrysmrri/ia nmjarephala and Phorrnia 
mjiiut (a gr(H‘nbot.tilo) were responsible fur traumatic myiasis. A douche com- 
posi'd ol* 15 pt'f* c,<‘nt. (ddoroform in light vegetable oil was suceosaful. 

R/iino'sIrns purpurenH ((Kstridic). — The larvso of this species are parasitic in 
tlu» nasal p}issa,geH of (^qnines in Southern Europe, Asia Minor and Africa, but 
ocuiasionaliy t-lui fly attaiiks man, depositing its eggs in or near the eye, where the 
hirvu' may he seen, moving beneath the conjunctiva, where the destruction they 
(^atis(' may lead to blindness. (#S'pe Appendix, p. 1063.) 

Wolj'uhriid nwgwijim (Ajqiendix, ]), 1058) of the family Sarcophagidac, or flesh 
flies, is f.lu^ only spoeifie myiasis-producing fly found in man in Europe, but 
b«.s a wide distribution in Asia Minor and Egypt. In habits it is similar to 
t.he Hptu'ic^H d(‘Hcril)(i(l above. If. vigil (Walker) is found in E. and N. America. 

Ocular myiasis (ophthalmomyiasis). — In tropical and subtropical countries 
the larvjc of lli(?H may Ix^ dopositod on the lids and in the conjunctival sac, whence 
th(‘y may pass into thci lacsrymal passage, penetrate the conjunctiva and some- 
fames th(^ sclera, and so gain entrance to the intra-ocxilar tissues. The species 
are Jlhintrstrus hovisf Iff/podmna bovis, IL lineala^ Qastrophilm intestinalu and 
(L vquL McBride recorded conjunctivitis duo to larvae of the hot-fly ((Estrus 
oois) in the conjunctival sac. 

SuB 0 UTANJ 50 UB MyIASIS 

la Bouth America the “macaw-worm’’ or “ Ver macaque ” (p, 1063) (Dernia- 
tobia cyanimninn) infests cattle, indigenous mammals, and also man. 
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The eggs arc ch'positctl on tlie skin of luima-ii beings, and do not hatch for a 
day or two. Tlien the larvie penetrate tlie skin, ])rodii(*ing an inflammatory 
tumour, from the a])erture of whicdi exudes seropiirulont fluid containing black 
fflcccs. These have boon recorded from various regions of the body, and tlieir 
presence is usually accom])aniod by great pain. J^usek reported that before 
they reach maturity the lar\ue moult and protrude from the apertures in the 
skin. ]n removing them there is no need to use a knife, for the exit aperture 
may be widened by stretching with forceps ; the larva then slips out, aided by 
properly applied pressure. 

In tropical Africa, the tumbu fly, or vor du (‘.ayor (Cordyhhia anihropopliaga, 
p. 1058), produces the same lesions. According to Ihnibaud, lllackk^ck, and 
Thompson, the eggs arc first deposited on the ground, and the acf.ivo young 
maggot attacdcs and ])enctratcs tlio skin of its hosf., especially on t.lu^ forearm, 
scrotum, upper part of the thigh and buttock. 'Hie lesion resembl(\s an inflamed 



Fig. 208.— 'Lesions on back caused by Cordylohia anthropophaga. 

tumour, from whieh the larva emerges in six or seven days. Those tuTnours 
do not usually Rup])urato ( b'ig. 208). The fly attacks othc'r mammals liosides man. 

Cutaneous myiasis with fistulous traet.s of t.he mentum has Ixhmi rlescrilx'd in 
l^anama (1948) by Oalero due to h(vmorrhoid(ilii< ( Kali). 


Larva MiauANH 

Synonyms.— Myiasis Linearis ; Creeping Erujd.ion ; Jk'nnatitis Linearis 
Migrans. 

This condition (Fig. 209), first described by Leo in 1874, and at a later period 
by Crocker, is said to bo common in Hussia and, according to Kirby-Smith, 
extremely frc(iuent in Florida. Cc^rtainly it is not infrequent in the tropics, 
especially in Ceylon and South Africa. Hero multiple lesions on the legs and foot 
are produced by a larval nomatodo burrowing under the skin ; this was shown 
by Edrby 'Smith to bo that of Ancyhstoma braziliense^ a common parasite of 
oats and dogs. These observations wore confirmed by Ffilloborn, who demon- 
strated that similar lesions may bo artificially produced in volunteers by the 
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Ijirviu ol Ani'nlof^ioiva stmocepliala, and, to some extent also, by A. caninum. 
8h(‘liniiv, Hcydun, and FuUeborii in self-inflicted experiments showed that 
<iHl(Mna and irritation considerable. The larvae of Onatliostovui spinigerurti 
hav(‘ also hcHMi incriminated. 

Child 1*011 are mostly attacked between the fingers and toes. 

Unlike the itch-mite, the ancylostomo larva burrows on indefinitely, like a mole, 
and torms a red lino or narrow raised ridge in. broad. The parasite appears to 
travel at tilie rate of ^-1 in. in twenty -four hours. The line zig-zags and twists 
about, but docs not bifurcate, and may be found in any part of the body — the 
lace, chest, or more ])articularly the soles of the feet and the legs. While the 
advancing end of tlu^ lino progresses, the opposite end fades away (Fig. 210). 
'^Phe diseases may he of v(u*y long duration, and is accompanied by intense itching ; 
som(din»('H bulho are formed (Fig. 21 1). 



i 

Idg. 209. — Larva inigrans. Infected at Durban, April 20, 1921 ; first symptoms 
noted July 22, 1921. 

In South Afrhta,, especially iu Natal and Zululand, whore “ creeping cniption ” 
or ‘\sa,ud-worm,” as it is called, is very common, Murray (1939), by aid of 
c(‘.darwood oil i('(dini(iue, proved that sometimes the burrows are produced by a 
mii^(‘, possibly ndai/tul to Tcimru/cfms molcstissim'us, which is found in Argentine 
and Uruguay, attac:king man and animals. The tracks in the skin are 0*33 mm. 
in diaiiH'ti'r. 'Plui mite, and its eggs, are easily demonstrated at the end of the 
burrow. A (Irop of distiillod water on a clean slide prepared with Mayer’s egg 
alhtimiu facilitates this procedure. 

It. is poHsihh^, as Fiilloborn and da Hocha-Lima suggested, that the tropical 
form dillV'rs from that dosoribod in Russia and America. The former appears to 
Ixi diu^ to the burrowing under the opidonnia of fly larvse which have been 
idcntiiicd as those of Thjpodcrmt, Qaslrophilm hwmorrhoidalis, and (?. vct>crinus, 
1’ho hjsions of the ancylostomo larvae group (ian bo distinguished from those of 
Uafitrophiliis by being shorter and more complex. 

Austniann us(id Lombard’s method of clearing living skin to demonstrate 
larvrc of (hdrophilus in cases produced by this insect. Ordinary machine-oil 
is used and the epidermis cleared around the lino of creep. Using the binocular 
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dissocfcing iiiict-ost'opo, i.lic parnsito may l)c seen lying ih(‘ cornifiod and 

granular layers of ilio t^])i(l(‘rmis. Wiili a magnilioation of 1 50 {liainoters, details 
of structure can 1)0 i)l(‘a.rly hocmi. 

Tn Florida civcping eruption has a dofinit-e seasonal proYal('nco during the 
sunimor months, after ]ioriods of rainy weatluT. Most eases originate on the 
beach al)ove high Avaier mark, 'riiore is sonic evidence that it is ctinnceted with 
sewage dis})osaL Dogs and cats are the hosts of the adult J. brazilmiM'. 

Treatment.— Fxcision of the port.ion of tho burrow cont-aining the advancing 
larva may bo attempted, though refrigeration with tddiyl chloride has been found 
elfective. An area of one and a half inches at the visible end of the burroAv should 
bo frozen for two to four mimites, T\w s]way should direeted about lialf to 
one inch in front of the inllami'd end of the burrow. Jf the burrows an* multiple, 
it should only bo applicxl to a f(uv at a time. 



FJg, 210,— Mtiliipic burrows of larva migrans, from the (iold Coast. 

Bayley (1941) claimed that the most sidentilic treatment consists of locating 
tho larva by means of tho cedarwood oil nud.hod, then injixding I in KHH) proeaine 
in ord(U' to desensitize an area of over lialf an iiudi in dianuder with thi' larva in 
tho centre. A cautery then apjiluMl until a small burn is produeinl. Sulphona- 
mide, 0*5 gnn, for two days, ludps to heal and pro vents sceondary infeu^tion. 
Each burrow must bo examined in turn. A<*e.()rding to Kels(y, ndVaetory leases 
arc best treated by diathermy, usiiig Ui(‘. n(‘edl^^ point of the apparatus with a 
in. spark. Intradermal injection of JIO pin* (‘(‘nt. N/nu'thylglmuunine anti* 
monial {Glncanime.) J ml. into (nuih siU* alfec.te.d a.t tlu^ (nul of tlu’i canal i^very 
fourth day is recomnumded by (lamhini. Loewenthal (1950) in the tieatuunit 
in 8. Africa recommends h(*trazan in doses of 2 mgm. ]Kn’ kg, thri(‘e daily aiid 
this lias boon found to be partimilarly siuH^essful. The natural duration of this 
disease is about four months. By this method it is rediu^inl from 12'"2H days. 
Improvement was rapid in 2-17 days, (’ontrol tneasurt^H (consist of excluding 
dogs and cats from tho beaches, restricting bathers to that part washed by the 
tide, wearing shoes, and treating ilogs and cats with tidracdilond.liylene to 
remove adult worms. 
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Bloodsucking Laevje 

A udinun'oniijia Intcola (Appendix^ p. 1060), the larva of which is commonly 
known throui^hout the Congo as the floor maggot,” has a wide distribution 
tliroiighont tropical Africa, from Northern Nigeria to Natal, l^hc adult fly is 
usually foimd among the thatch and beams of the walls and roofs of native huts, 
and dc})osits its eggs in crevices of the mud floors. Here the larvae hatch and 
move about in the moist earth. They emerge from their hiding-places to feed 
mainly at night. 

Sucking of blood is cfToctod in a curious manner : the head segment is retracted, 
aii(l the lips of the second ibrm a sucking disc attaching the larva to the skin 
of its host ; the skin is scarified by curved hooks, and thus blood is drawn. 
Th(^ larva soon assumes a rod colour due to absorbed blood. It is said that the 
bite is non-irritating. 


InTKSTINAL and UlUNAEY MyIASIS 

IvcsidtMic^' in the alinicnt-ary canal of some vertebrate animal is a regular 
h'atiire in th(^ life-history of many dipterous insects. The eggs are either licked 
from the. skin or swallowed in the food on which they have been deposited. In 
this way t.hey are transferred to the stomach, where, after an interval, the larvae- 
ar(^ hatched out and undergo clevelopnicnt. In duo course they appear in the 
rav'.(\M. Man is not infrocpiontly victimized, especially in tropical countries. 
Hornetimes, until a (correct diagnosis is arrived at, not a little alarm is caused 
by the n.])p(waiu*,e of those (jrcaturos in the stools or vomit. They are easily 
r('eogniz(Hl. 4410 ringed, cylindrical body, J-1 in. in length, according to species, 
broad at one end, t.aporing at the other, and usually beset with little spines or 
hairs, is suHiciently diagnostic (Fig. 211). 

A 1 really ovm* tvvimty spiHiies of diptora arc recognized whose larvse have been 
(bund in or expelled from the intestinal canal. The commonest form is 
( mmlorin. 



Fig. 2il. — Larva of OalUphora vomitoria. 

In Fiiirope the majority of cases of intestinal myiasis, a not infrequent ocenr- 
rem^e, ar<^ itaiisiul by Fanmin cmiimlmis and F. scalaris (flies closely resembling 
tfhe common housefly, ai\d erronooiisly considered a young form of the latter on 
accomit of it-s smalUu' size). Occasionally, pains in the abdomen, vomiting, and 
diarrhuMi may ensue, and there may bo ovidoncos of toxic absorption; more 
usually thi^so occur when the ingostod larvae are those of the cheese maggot, 
PiophUd mm. Larvie of tho common housefly (Musm domestica) have been 
found in numbiu's in tho stomach in tho Philippines. In Africa tho insect 
<^{)mmouly found is PhryHomyia chloropyga, and occasionally C. puloria. 

A dose of castor oil will probably sullico to expel any of those creatures that 
may not have boon passed spontaneously. 

Rational prophylaxis consists in covering up food after it has been cooked, 
iti order to prevent the access of flies. 

Instances in which larvae of F. canicularis and F. soalaris have been discharged 
ptr urathrani havii also been met with, though more rarely. 
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LkKCU JnKK(JTI(»N 

In tlic jun^^Io huida of nuiny (.ro[)i(‘a.l and sul)ta’opit\al (U)untnca 

land-lceclies, ])rohal)ly of spocial apoou's, of(.(‘n occur in ^rca.t. abundaiK'c ; ho 
nuiuli so that, in sonic cinairnstancoa j,h<‘y may proven, nion^ t.ha.n a, miiHa.nco. 
Htmadijm zviiknka in (V\vlon is one oftiic most ai^tivc, a, a \v<'ll as host known. 
Before ft^t'diiiij:, when oiitstrotchcci, it is about an inch in hniirt.h and about tho 
thickness of a knitting); needle. It cIuilth to a k^af or i.\vi<r. a,waii.in}j; tlu^ pasainj^ of 
some aniinaJ, on to wliich it Hj)rii\ns widi renuirkabk^ aciiivii.y. It. <ian inainuaki 
itself throii^di the ineaheH of the fiiu^st. atockiiij*’a. It ai onci‘ atl.achea itaolf to 
the skin and pro(‘e(‘da to inaki'i a ni(‘al of blood. AuinnilH a.iv aonu'tinu^s kilknl; 
men ewen have been known to succinnb to ivpiNited small bk‘cdiii[j;a by these 
])estH. It is n(a^(war>% th<avlbiv, wIkmi [laasin^^ throujuii jnn.s^k' hinds in which 
leeches abound, to hava^ lilu‘ lech and candully jirotecied. Tin' bite Ih not 
infrequently the startin^Ji-point of a troiibk'sona^ sori‘. L(‘(uh<‘s a.boun<l in 
Malaya. AfUa' rain a trav(h<'r in tlu‘ junj^lc* is lilo'ly io find his boots full of 
blood* 

In tho sout h of Ihiropo and in thi^ north of Afriiai tin* horse-kHMh, lAmnaUs 
nilotmi{Vilf. 212), whkdi lives in ponds ami other collections of watt'r, aoinelimea 
Ihuls its way into tho gullet and nosi-rils ; and has otaNisionally ca.usi'd dearth 
by ontorin^T and oeeludiiijji the air-pasHaj^es. Th(‘H<‘ kaadu'S ari' a. source of in- 
oonvonicneo to Freuc.h troops in Al^inhi, and art* nuaitioiuMl as troiiblntt; 
Napoleon’s army in its relireat throu^^h Sina-i ; sevta'a.! cas(‘s Iiavi^ Ikhmi hoUhI 
among British troops during the Egyptian and Palesthu' ea.in[aiigns in li)14 IbIS 
and again in 19*15 wars (lU^wi's). In Formosa, Manson liea,nl of and saw 
several instances of a similar form of pa.rasitism, both in men and in monlawH. 



Fig* 2 1 2. - LimnaUa vilotlai. 


xnpTui., 

Half iiat* size. (*S7a'/>par(/, dd.) 


Doubtless, when very young the krehes are tak(‘n in unpi^reidvi'd with foul 
drinking-water, and, wandering round tlu^ soft pa.la,t(‘, tiiid lh<‘ir wa.y into th(^ 
nose, h’or a long time tluy (^ont.rive to (dudci all ahtmupts at capture, but. cam 
generally bo [HU’snachal to show tlummelves by dipping the faee in eokl water. 
An American naturalist, who bad b(H,m trav(dling inueh in tb(‘ itii-tnaor of Formosa, 
had sulforod from H<were boada<die and profound aiiamiia., tlu^ results of rejieatt^d 
epistaxis. Manson smieeedod in removing a kauih liy attathing to its hiiuk^r 
end, through a speculum, a spring forceps, and afUu’wards iiijiadhig salt and 
water. Therefore in tropit^al countries persisttml. lu'atlaehts mssoeiak'd with 
recurring epistaxis, may be caused by a leoih in tlu^ nostril. A protective 
chemical known as 09(k) lias lunm found by Andy and ilarrison. When ganaonts 
are impregnated with this, leeches are reptdk'd even afku* stwen cold washings. 

In Japan H, japonica is found; in tho Bhilippint^s //. laianalla; in *Iava 
H. javanica. Other sjxHik^s are //. pdlux from IVIadagastMir. Ot/hm’s such as 
H, momims and i/. vagmis constitute a scourge in Hiimatra, Ntav Ouint^a, Ck'lobos, 
Botuoo, French Indo-Ohina, Obik^ and IVinidad. 
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CHAPTER LI 

TECHNIQUE OF INJECTION AND BLOOD TRANSFUSION 
INTRAVENOUS THERAPY 

Preparation of the patient. — '’.Phe patient should preferably be placed in a 
sitting ])osition, with liis arm resting on a board or other firm object. The 
mcdian’hasilic or -coplialic vein at the bend of the elbow usually offers the best 
Hit(^ for injiM'tion, both being easily visible and situated close beneath the skin. 
^Pho veins are n^ndered prominent by instructing the patient to clench the hand. 
'Pbe^ v<^sH('ls in tlu^ upper arm are constricted by a piece of moderate-sized rubber 
tubing (.1 in. in diameter), clipped by a S])cncer Wells forceps or by the arm -band 
of a l)loo(l-])n^sstiro apparatus, so that the pressure can be released subsequently 
with t^ase. In (Certain cases the distended vein can be felt distinctly under the 
skiti witli tb(^ examining finger, even when it cannot be seen. Pat subjects often 
[)reH(‘nt considerable difiiculty, and it may bo necessary to use distended veins on 
tlu^ dorsum of tlio hand. 

'Phe site liaving been selected, the skin is sterilized by a strong solution of 
iodine, which should be romovod by ether or strong spirit. 

Method of injection.— The syringe is now filled with the selected drug; 
this is best done by drawing up the solution from a sterile test-tube, or other 
glass receptacle, care being taken to exclude all air-bubbles. 

The needle slioiild bo plunged into the vein. Penetration should be effected 
in two stages, first through the skin, and secondly in an upward direction into 
th(^ lumen of the vein. When the needle is felt to bo inside the vein — usually 
within ^ in. from the surface of the skin — the plunger should be slightly with- 
drawn ; blood will then well into the barrel. Directly this is seen, the tourniquet 
should be loosened and the injection steadily made. When it is completed, a 
finger should bo pressed over the site of injection and the needle withdrawn. 
(Hreat care should bo taken not to transfix the vein ; in that ease the solution is 
injected into the tissues behind the vessel and may cause inflammatory disturb- 
ances, or oven abscess. 

The syringe and needles.— For most purposes a 10-ml. Record syringe 
is satisfactory, though for the injection of serum one of a larger capacity, up to 
20 ml., may bo required. The type fitted with a peripheral nozzle (Pig. 213a) is 
most suited for intravenous therapy. It is advisable to test the syringe before 
use by drawing up boiling water, for often the plunger, on becoming overheated, 
sticks in the barrel. 

Success depends to a very great extent on the sharpness of the needle. If 
possible, a now stoel-wiro noodle should be used on each occasion. The size is 
also important ; a stouter type than that used for subcutaneous injection is 
ncccBsary ; about No. 12 is the most suitable (Pig. 213b). 

I n view of the danger of conveying virus diseases, especially infective hepatitis, 
by syringes, it is pointed out that the only processes which ensure absolute 
safety arc autoclaving or exposure to a temperature of 160® C. in a dry oven. 
I^he cement of glass-inotal syringes may even melt at those temperatures. 
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Therefore llie oF s\ rinses is julvoejited and iluvse should he etielosed 

in tiihes, the ends of w hieh a, re iitsl up wil.li Kraft ])ap(a’ or et'llophane, and 
thev sliDidd he sUa'ilized pnderahly l)> dry heat. Hoilin*^ is au alternative, 
but it cannot destroy spores, though addition of sodium hic^arbona-te to the water 
will remedy this fault, and the resulting allodinity of the syring(‘ may alfeot 
drugs or hiologieal products. Thtu‘(‘ is no snitabh* tdamiical method for sttM’ilizing 
a SNa-ing<‘ and du‘. us(‘ of alcohol is not rt'coni mended, exei'pt. for insulin or 
adivnalin. In mass intravauious inji'ct.ions a. frc‘sh syi'ing(‘ is advoimb'd For 
('a, eh ])atienli, in order to avoid th(‘ risk of transmitting epidemi(' hepatitis. 
In Switz(‘rland glass-metal syringes a.rt‘ ohtaitjahle n\a,rk<‘d 20(V’ (f, tlu' cement 
ol' which does not mc‘lt h(‘lo\v this temperatur(‘. “ Tuhunie aanpoules are 
a^mpoules lilled wit h sterili/i(‘d drugs in solution, such as cpiinim', provicknl with 



(a) (b) (e) 

Pig. 213,— (a) Record syringe with lateral itoxzle for intravenous injections. 

(b) Intravenous or intranuisoular needle, size No. 12. 

(c) Various sizes of exploring, sennn, and hypodermic needles. 

A, Aspimtloii tuMHllf. », lulraiuuseulnr iiceUlc. (\ ilyttinlonah' aeiMlle, No. K). 


a neodlo protected by a glass covering, nvuly for inj(M‘(iion, and can he diseardi^d 
directly after use. 

Needles (Fig. 213c) k<iep best if Hineared with vascdiius or k(‘pt in earboliz(‘<loil. 
Plunging the needle-points itito a block of har<l parallin wax will prev(‘nt thtun 
from rusting. 

The preparation of non-pyrog<‘nie, distilh'd wattu* is (dleet.(>d liy using 
activated eharcoal. Pyrogen is a thermostable produet, of tb(‘ met.abolism of 
certain strains of baeUwia, and Uu‘ir antigtMiie. produet.H may <h‘V(do}) in t.lie 
distillate from ordinary waUu* by eontaminating organistns if permitt.<‘d to 
stand unsterilized for more than 24 hours. Evc'u wlu‘n d<‘rive<i from a 
contaminated source it may cojitain Hullieumt j>yrog(ui to givt‘ a reac^tion, 
even when sterilized immediately, 'riie removal of tlu^ pyrogtm is (4Toet.cd by 
shaking up with 0*1 per cent. depyrog(uuzing chan^oal.” 
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BLOOD TRANSFUSIOISI 

Blood groupsL — ABO Llood group system is composed of one of 
four groups:--" 

A(j<jluii'iw(]ens in Agglutinins in 

red cells serum 

A B A iind B Neither 

A A Beta (anti-]^) 

J) B Alpha (anti- A) 

O Neitlier Alpha and Beta 

.\gglidhia.tio!i of nA colls takes jdaco whenever homologous agglutinin 
a,iul agglulhiogcai conio into contact; therefore, homologous agglutinin- 
a,gglntinog(ai cannot coexist in the same 
|)lood. 

Tlicri' a,ri^ now (‘iglii, distinct blood groups in 
nia,n. By blood grou}) system is meant a system 
of a>ntig<Mis pn^st^ut in Junnau red cells whose 
inii(n-ita.utH^ is doiicrmiiu^d by genes situated 
in tin' same ])art of one chromosome. The 
inlnnitance of the four original blood groups is 
(put(‘ iinU'j)('nd('nl. of the Bh system. There 
ar(^ also i.s*o-anti bodices which do not agglutinate 
rial cells, but whicli nevoidludess give specitic 
reactions when iiosted for by tlie indirect anti- 
globulin method. 

'rile oipiivalent antibodies determine the 
clinical importa,nce (1) during transfusion when 
intiu’action bet- ween antigen and antibody may 
bo associaiicd wit-h rapid blood destruction, or (2) 
during pregnancy, when tlie antibodies may cross 
tbo ])lac('nta from the mother and so damage 
the faitns. 

Only the ABO and Bh systems are commonly 
involvt'd in hiemolytic transfusion reactions and 
one only, llh, is commonly involved in haemolytic 
disease of the newborn. 

The othm: blood group systems are of less 
importance and practically never cause trouble 
a,t t-ho lirst transfusion, so that, if a person has 
lijul a previous blood transfusion, matching must 
bi^ ca,rriod out with special care. 

7,s*n-aui.ibodies are divided into two classes: ^iti/regulating clip on 

naturally-occurring and immune. tube, and special form 

Nal.nrally-occurring antibodies agglutinate red of intravenous needle, 
cidls suspended in saline and act more strongly 

at 4^" 0. than at 87° 0. and are then incapable of causing destruction of 
rod colls in vivo. 

^ full iufornmtiou on this intricate subject the reiidoi* is roEcrred Ikj: , , , . 

"iUuotl 'I’riuiHfuHion lu Ollnlcnl Medicine" (1901) by V. b. Mollisou aud "lib GroupR and thoir 
Cliuieal bJlTectH" (1951) Medical ileaearch OouncU Memorauduui No. 19. 
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Njii.uriilly-Dt’Ciirnii^ oiilior fail i.o pass l\n) placonia, or ai 

l)ost do do so roailily. 

liuinuiK^ /,s‘ 0 “aniil)oilitis aro iiiont aci.ivi‘ ai. 1^7" Cl. IJiau ai low toiupora- 
iiiros a,nd jnss i.lio ])laoou(.a. roa-dily. 

Tlio ]lr('saIKM^ of anii^i^ns in tho tvd colls is doi.onniiiod by </C7/o.s\ alUumgh 
in inosfi oa.sos no disliinoi.ion nood ho niaclo b(d.W(uai {jetws and antigiDis. Jf 
a ]i(‘i‘St)n inlioritiS a coriain jjfono tlio corrosponding ant.ipjon can be doiocted 
in his r(‘d colls, providoti i.lu^ appropriaio antisonmi is a.ddnd. 

Theses goiios an^ carried in chroinosouK'S which an^ pn^soni. in pairs and 
iho (jetu^s conirolling one pari-icnlar sysi.can aro conccdv(ul as lying opposib^ 
iio Olio anoilnw, so iliai, any idYocis produciMl ari^ l lu' iiciion of iwo S(d.s of 
goiKis. Th(' inhoriUuico of iho AlU) group di^ponds upon iho ihroo gonos 
A, B and 0. The rt'U^vani chroniosoinos in i.ho sox ci^lls carry only one of 
ihoso genes whilsi. l.lu' body colls coni.ain i-wo. 

Tims an individna.1 inluadis A, B and 0 from ono pjinmi, and A, B or 0 
from iho oihor. Th<^ siun of giaios pn‘Soni in iho body c<^lls did.onninos 
iliu (j(m(}tijpe of iho ono person and Urns six gmioiype^-s (‘an occur -AA, AB, 
BB, AC), BO and 00. If A is abst'ut from ono person’s red cadis an anii-A 
aggliiliinin is found in iho scrum, a.iul if B is ahscaii., his st'rmn cjoniains 
anii-B aggluiinins. Various suhgron])S of A and B am nsuignii^od, hui, 
unless iho rec.ipieni ha,s bc^en sonsiii/asl hy a. previous Iransfusiou, ihoy arc 
noi of much praciic.al imporiance. 

In most populaiious dO -HO per coni, of individuals bedong i.o Oroup 0. 
During iho Iasi few y(^a,rs ii has heum roalized ihai i.lu^ a.nii-A and anii-B 
aggluiinins presoni in (Jronp 0 blood involve a. delhiii.cj risk io rociipiunis 
who are of olJior groups. 

Jn (loiorniining blood groups, unknown c^ells are iosicnl vviih emtirk and 
anti-H sca*nmH couiaining alpha and Iwla aggluiinins* .If aggluiimiiioii 
occurs wiili both, iho colls musi (umiain A and B agglntinogons and there- 
fore belong io group AB ; Imi, if aggluiinaiion occurs only with alpha or 
Anii-A serum (from grou}) B donor), ilum ihe hmI tadls coniain Aagglniino- 
geu and belong to group A, but. if it occurs with helUy or a.nti-B serum (from 
Oroup A donor), i.lu< citdls contain B agglutinogcni and belong io grou}) B. 
If it does not occur with either serum, the rod colls contain n(nthc>r agglu- 
tinogen and belong to group (). 

Aggltiiinogen in cells, “ A ” sewum, or auii-I^ “ B ” Hta-uin or auti-A 

(containing bvla agglutinins) ((containing alpha agglutiiiinH) 
AB .. d- 

A -I 

B h 

0 

More reliable results aro obtained wluai both st^runi and chiUs aro tested. 
The dual test provides a check on possible tc^chnical errors. T’his should, 
under present conditions, always be mad(% 

Sub-groups. — There appear to be two kinds of A agglutinogmn, so that 
blood of sub-group Ai, and AjB and Aa, and AaB occur. The iinportauco 
of recognizing this sub-division lies in the fact that cells of Ag, and par- 
ticularly AaB bloods, react more weakly than those of and AjB bloods 
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witli iinLi-A test sera ; indeed they may react so weakly that reactions are 
not dotcicted at all, unless test sera are used, which are known to give 
saiiisfactory reactions with Ag and AgB cells. The main practical signifi- 
cance lies in the need ot avoiding erroneous classification of bloods of sub- 
griuips Aa and AoB as 0 and B respectively, owing to failure to detect the 
Ao fjictor. Ai)])rexiinatidy four out of five group A and AB bloods belong 
Ia) subgroups A I and A^B, and the remainder to subgroups Ao and AaB. 

When transfusions are given to recipients of A and AB it is unnecessary 
to use Idood of the appropriate sub-group, except in rare cases in which the 
recipient lias been sensitized by a previous transfusion. 

Tlui oxi,ra agglutinins associated with subgroups are usually present in 
small amounts, and are more active in the cold than at room temperatures. 
At a first tra.nsfusiou they are unlikely to give rise to reactions due to 
incompaliibility between the cells of the donor and serum of the recipient, 
but such a. transfusion may stimulate an increase in the titro of circulating 
extra-agglutinin and, at subsequent transfusions, the risk of incompatibility 
will be incroa,sed ; but in practice this appears to be rare. 

Tlui ABC) group can usually be determined by examining the serum 
in(lc^})en(lont,ly of l.he cells. If the serum agglutinates B, but not A cells, 
ih{^ patient belongs to Group A. Tliis method provides a check on the 
antigen conttmt of the cells. 

Collecting blood. — If blood to be typed is taken from the donor not 
more than a few hours before it is to be used it can lie obtained l)y a skin 
])rick and mixed with 3 per cent, sodiiini citrate in a tube. The cells 
sliould iilien bo washed once in saline and a suspension containing approxi- 
mate, ly two voluuK^s of red colls per hundred volumes of saline should be 
])re})aro(l. For ro\itine use it suffices to gauge the strength of the red cells 
suspension hy naked eye examination. If the blood is to bo stored for 
more than a few hours before use, a venous sample should be obtained and 
placed in a sterile container, allowed to clot and kept at 4° 0. The clot 
is wa-sliod in salinii until the supernatant fluid is clear. Then it is broken 
up with a Jkistour pipette and sufficient red cells liberated to prepare a 
suii.able suspension. 

Methods of testing. — The blood should he examined, both for 
aggluifinogons in the cells and for agglutinins in the serum. 

Test for acjglulmogens in the cells. (1) The ideal tube method. — Test 
tubes 2in. by Jjn. are placed in 1st, 2nd, 4th and 5th ten-hole rows of a 
lifty-holo wooden block. High titro anti- A serum is placed in the tubes 
of the Ist and 4th rows, anti-B serum in the 2nd and 5th rows. Red cells 
from till) blood to be tested are added to the first tubes in the 1st and 2ud 
rows, cells from another sample to the second tubes in the same rows, 
and so on. l^y using forty tubes in the same block, rod cells from twenty 
sa,mples of blood can bo tested against anti-A and anti-B sera. 

In each tube there is a volume of serum, red cell suspension and, to 
avoid false agglutination, a volume of saline. A pipette, graduated at 
C)*()4 and O'OB ml., is filled to the upper mark and delivers 0*08 ml. of serum- 
saline mixture. Next, the pipette, after rinsing with water and saline, 
is filled to the 0*8 ml. mark with red cell suspension in 3*0 per cent, sodium 
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citrain sohiiioii. As controls, c(‘lls of known i^ronps A, l> iind () uro put 
up in Uio Hiinic way. Tlu‘ tubes are sluilvtMi, eiipjaul with cylindrical j^lass 
caps and Jeh at room tcnip(Ta,tiire I'or two hours. 

/’c-sv/Z/.s*. — The (*.(‘11 d(‘posit is (lisp(a*S(‘(l, a.nd th(‘ (*(>ntont of (W(ay 
tiling wliicli do(^s not show imdoul)t(‘(l a.o^dutinaiion (^xannniHl mic.nn 
BcopicaJly. The strcn^dJi of the r(‘ju*tions is t;Tad(‘d as conij)l(dcly visible 
to the naJv(‘(l c\y(^, visual, or mi{U’oS(*.oi)ic, wIkmi hi,^^ clumps (*a.n he (lokKded. 

7V.s7,s* /(n* in Tlu^ ('('st is sid, up as above in ])aiirs of 

tuh(‘S, (‘a, ell of which r(‘c.i‘iv(‘S O-Od ml. of S(a*uni. To tlu^ lirsli a,ro addeui 
known Ai ci‘lls and tin* S(‘(*on(l known 1>, (‘(‘11s (O'I)S ml. of apiii’epriade 
c(‘ll sus))(‘nsions). 

Rapid tube vialhnd. — l\la.ny si'rolo^nsi.s now usi^ a (‘(Mitrifuj^aTza^iion 
technicpio for aj:]j^lnliinai.itm. 'Phe modmai nudJiod is to S('(. up the a^^dn- 
tiuations (nux(iur(‘S of tyinn^ siwa. and c(‘ll siiSj)i‘nsions) in Durham tul)('‘S 
l;f by 5 nnn. in (lia,m(di(‘r, a.n(l a,ft(‘r i.wo niiunh^s standiipp; (to a, Hew ahsorj)- 
tion of tlu^ ai^^^dutinin by tluKadls) to coutnfuf>:o ib(( tub(‘S for a few niimitos 
at 1 ,000 to 2,000 r(‘vs. lua* mimih'. This oentrifu'^ali/.ation incma.ses Hie sen- 
sitivity of the n^a.ction, ajul a.lso incr('as(^s the spi'od al- whicli it i.aila'S place. 

(2) 7V./e Diallmd willt dilufc.d blood. — The diluted, may lu^ I'itluw noriuail 
saline or .1 ])er ciuit. sodium citrate in norina.l sa.line. Tiu'so should bo 
r('C.(uitly made up, for if conta.mina,t(‘(l, fals(' a^^^^iulanations may iaike ])la.ce. 
buriicjtait blood is obhiiiuul to nuike a H p('r laaij.. susp(msion of rt‘d colls. 
If tlu^re is any delay iihe i.ubes should la^ kipit in a nd’ri^au'aTer bt‘i.w(s>n 
2'^ and 4*^ 0. A drop (0-05 ml.) of hij^h-titn' ;mti-l> S(‘ruin (from j.;r()u|) 
A blood) is p]a.(H‘d in a. left-haml spa.c(^ of an opa.l i^dass tik^ juul an (upial 
anujunt of lii^di titni aaiti-A siwmn is on an adja,(‘(‘nt ri;ij;ht-ha.nd spac((. 
To eacdi of thes(' is Uiddod 0*05 ml. of md c(‘ll susp(‘nsion. Th(‘ adniixiuro 
is rocked and lid’i to stand for .10 niinutt^s and them aj^itaJnd mom stron^dy. 
A}.(pilui, illation can easily bo soon and the ^^roup riaul off. 

Fortcdvfu] unknown ,sviru/u.--ddi(^ toidiniipie is the sanu^ save iluii 0*1 nil. 
drops of unknown serum are phuual on the tiki and to tln^si^ are added 
()'05 nil. of the appropriaihi known c(dlK, 

With undiluted blood tlm method is much the same, J)r()ps ajiproxi- 
mating to 0*05 ml. are niinovisd by pipetUi, or ]datinum loop, and trans- 
ferred to drops of 0*3 ml. of unknown S(irum. The amount of blood added 
should be sulHcient to colour the mixture lij:;]it [link. The a.rea eovorcMl by 
the mixtimi sliould la‘ 1*5-2 cm. in (liiuuei(ir. AftiT the tile luis l)e(in 
af^itated, macroseo]ji(j a<.?j^lutination (it it is goinjj; <>0 owaw) will take jilace 
within two inimites, A{j(glutinaiion which may be S(Hin after tO minutes 
is false- 

(3) Blood grouping with the (Ujglulmomder /cri/nt'k/zte.-'— Adujitnliion of 
Garrow’s agglutinonuitiir for blood grouping provid(‘s a rajiid, simple and 
reliable method for use in the ludd and in small laboratoriiis. 

A number of Icuoooytci-iiouuting pipettes, bot.ikiS of (‘.th(T, citratii, et(i., aro 
arranged ready for ua(i. The apjiaratus is easily inudable and blood groujnng 
can bo performed at the patient’s side within a p(iriod of tlir(‘o mimitcis. 

The blood is sucked up into a hsnoocyte-counting })ipetto to mark I, 
then the solution of sodinin citrate is run iu to mark If. One or two drops 
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of irliin citraiocl mixture are expelled from the pipette, and a small drop 
(()•() 15 ml.) is placed on each of the first two partitions of the agglutiuo- 
motor glass slab. A drop of group A serum is placed on the adjacent 
partition and a similar amount of B serum in the vicinity of a drop of 
citrated ])lood on the second partition. With the drops so situated that they 
easily intermingle, the agglntinometer slab is revolved for one minute and 
thou roniovod for close inspection. Positive agglutination is readily 
recognized against a white background or by illumination with an electric 
torcli. 

As the glass slab is divided into thirty partitions the blood of fifteen 
donors can be simultaneously classified. In case of doubt, the emulsions 
on the slab can b(^ scrutinized under the microscope. Whenever possible 
in an emergency, direct matching of the donors’ blood with the recipients’ 
sorum sliould be performed by the same technique. 

lino blood is abstracted in a small test tube which is placed in a water bath at 
C. for 25 minutes. This promotes rapid clotting. It is then centrifuged for 
5 mimit(^s and 0*5 ml. of scrum withdiuwn for cross-matching. 

The tile nudbod can also be used. There are more elaborate methods 
such a.s tlu^ iiulx^ meibod in albumin, and the indirect Coombs’ method when 
antiluKhes ariJ suspock'd from a previous transfusion. 

IHrcot Dialcliimj of the donor’s cells against the recipient’s serum before 
iinuisfiision is important, especially when blood of groups other than 0 are 
used. It must not l)(^ considered as a substitute for blood grouping lohich 
(ihoiild always he mderlaken when grouping sera are available. Direct 
imvtcbing sliould bo omitted solely in an acute emergency. When direct 
matching cannot bo performed known group 0 blood should be given. 

The Rh factor. — The red blood colls of 85 percent, of human subjects, 
irnvspectivo of their ABO group, contain a furthor agglutinogen “ Rh ” 
(iilio term is derived from the fact that a similar agglutinogen is found 
in ih(i red ccdls of rliesus monkeys). The importance of this lies 
in th(i fact that the remaining 15 per cent., whoso red cells lack the Rh 
agglutinogen, are apt to form an antibody (agglutinin) against the agglu- 
i.inogen. This may occur in an “ Rh negative ” woman if she becomes 
pregnant with a foetus whose blood cells are “ Rh positive ”, or it may 
happen in Rh negative ” persons of either sex when “ Rh positive ” 
blood is transfused. 

Th(j discovery of the Rh factor in human blood and the realization that 
human beings (;an be classified as Rh positive or Rh negative, according 
a.s to wlieiihor or not their blood corpuscles are agglutinated by an anti- 
rlu^sns serum has led to the solution of erythroblastosis fcntalis and the 
Inemolyi.io reactions that sometimes follow blood transfusions, even of 
compatible ABO groups. 

In ,1940 Landstoiner and Wiener found a hitherto unrecognized antigen, 

Rh,” and later Wiener and Peters showed the presence of Rh antibody 
in the blood of Rh-negative patients who had suffered hsemolyiic reactions 
following transfusions with Rh-positive blood. In 1941 Levine proved 
that the formation of Rh antibody by an Rh-negative woman frequently 
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resultied in or in otu' oT i,lin s.yndromos fTronj)('d imdor i,|u, 

term of oiyi.hrolfhisl.osis fnd.a.lis ” ;nid sn^^^t'sit'd iliai ilu' forma, (, ion of 
antibody Avarf t.lio inati'rnai ri'sponso to iimmmi/.adion by lib a,iit,ig(‘n, 
dcaivcd fn)m ilio fodns, inlioribal from its lili-posit iv(^ fadbor. J(, soon 
bocaiiKs a,ppa,ront i.liai Jlli t.osl.s imisti bo ma,(](^ a,s a, ronfim* bi'for(> j^ivin^ 
l)l(^o(l, if {jfi’a,\'o (bnijjfors a,rt^ to la* avoidi'd. b’or insiauci' Hit' {^ivinjjj of 
li.]i-posiii \ 0 blood t,o lUi-nof^adivi* parsons, who liaxa^ laMMi smisitazinl by 
(mUkm’ a pH'^manoy or a prt'vions blood transfusion, may kill llumi. Tbo 
^n\in^r of llb-posit,ivt‘ blotxl to a.n lih-ni'^aiivo j^nrl or woman may sonsiiiz(i 
lior tiO lib aiit'i^xai so (bad an b’b-positivo <*irdd stibs(‘(pi(‘nt,ly born to Ihm' 
ma,y bi> sl.illborn or dis('n,sod. Evcmi tbo inj(‘(*(,ion of a, small ajiioimt, of 
llli-positiiv(' blood may causo libdon^^ s('nsit i/.a.t.ion. This (‘an b(^ avoiik^d 
by lib t,('stbigso ilia,t luu'or an lib-p((sitiv(‘ blood isf^ivaMi to an 1 ib-ni'^atiivo 
padiont. Ho\vov(‘r, in vi(wv of tbo ooinpa,radi\(‘ rarity of pnwaaitablo 
lib scaisitiizadion, it. is oksir (bat nr}j;(mt.ly nspnbvd (ra.iisfnsions should not 
b(' witbliibl, simply la'canso fa-cilitb^s of lib b'Sts art' not. inmu'ilia.tioly 
availablt^. 

Diroct madcbin;L( of tlu^ donor’s and riH’ipitmt.'s blood is a. vtny vabuibb'. 
sa,ft^|^nuu‘d a-j^abisti fadal tiranstuHioii rt'a-otions from Hb, as wt'l! UiS from 
AlU) inc.ompaitiibility, biiti it doos not c.onstit.nto a saloj^ua-rd a,j^uunsli tbo 
possibility tiluit a t.raaisfusion may iinit.att^ lib simsitizadion and (bus l(‘a<l 
t.o fntiun^ bamiolytao dis(^a.S('. Wlu'ii lib tosts cannot, bt' pt'rfornu^d dll 
finna.los who have noti ])a.ssiMl cbild-luairin^ aj^t^ should rtnaavt' lib-ia'i^alivo 
blood, diui si/(^ of t.b(i t.ransfusion is not iinporta.nt. Mxpi'riimail.ally, 
t.lu^ injt'ctiion of a.mount.s of lib-posit.ivt' blood, as small as (bl)5 nd., snUict's 
to produc.t^ a.n opt.imad a,ntibody n'sp<ms(' a, ml tlu'rc is soimt ('vidtuau' t,ba.t 
tbo spaciniJf of t,ra,nsfusiotiH is inijjoidant in di'liumiinin}^^ tbo aiit.ibody 
n>spons(^. Proba.l)ly a. bnv transfusions spn'ail ovt'r many luontbs a.ro 
nion^ liktdy to imbuui stMisitiza.tion tlm.n tbo samt^ nnmbta’ of i.ra.nsfnsions 
^jjivtni rapidly om^ alba* a.not.hor in tlit^ courso of a. wi'idc or two, a.ltbougli 
thoro is Jio (liroot proof of tdiis. 

Whim an Uli-nogat.ivo man (or waunan who has nut biuai staisitizod 
hy pregnancy) rocoivos ropcn-ti'd tra-nsfusion of lih-positivo blood, the 
first tra-nsinsions arti imtircly snc.ci^ssbd, hut sooma* or lati'.r soiislt.i/iation 
dovolo})S. At tirst tbo transbistnl cells uro ibniimibul unduly rapidly and 
it may not ho clinir that tlii^ tra.nHfuHion bus hinm unsuccessful. If more 
transfasioTis a,rt^ given lumnoglobinuria a.nd, ri'na.l failure likely f.o 
onsni^ 

Tlie most important Rh aniigiai is known as 1). Evory imlividnal 
inherits the gene J), or its allda, d, from ('a.ch of his })a.rents. Other Jih 
gouos are C or c and E or e. 

Frequency of Rh positive groups-'—In N. and ( k Europe and ])arts of 
8. Europe, as well as in relatively umnixed European iiopulat.ions, the 
frequency of Rh negative individuals shows an almost^ const.ant. le\'(d of 
about 16 per cent, hdxe only popuiatiouH laiown to have a highor frequency 
are the Basques, with about 60 por cent. Rh negatives. In nnmy Moditor- 
ranoan populations a Bh-n(^gat.ivo frequency of 5-8 per cent, is found, and 
about 10 por cent, in Iraq and N. India. In B. India and E. Asia generally, 
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frequencies vary from 2 per cent, to zero. About 5 per cent, of Negroes 
are Eh-nogative. The aborigines of Australia and the Pacific Islands and 
of N. America are almost exclusively Eh>positive, except when there has 
been interbreeding with Europeans and Negroes. Where the frequency of 
Eh negative individuals lies between 4-10 per cent., as it does in most of 
the Mediterranean area, in Africa and W. Asia, it is clear that in any blood 
tiransfusion account must be taken of the Eh factor, and it must be so 
arranged tliat Eh-negative women should be transfused only with Eh- 
neqative blood. It is desirable that Eh-negative men as well should 
receive nothing bui, Eh-negative blood (Mourant). 

Idle variants of the Eh factor such as must always be taken into 
irccouni. This occurs in the chromosome combination and CD'^E. 
All blood for transfusion should be tested with anti-C and anti-E in addition 
to anti-D and only, if negative to all these three sera, can blood be issued as 
Eh-iuqative. Amongst Negroes Ihe incidence of is higher than in 
Europe a.nd occurs only in this form. Twenty per cent, or more of blood 
from Negroes which appear to be ede/ede contain in fact antigen and, 
since this D'^ factor has boon known to cause haemolytic disease of the new- 
born in ihe children of negative mothers, it is important that all bloods 
should bo checked by a test to reveal the factor. 

Intravenous Blood Transfusion 

Abstracting blood from the donor. — Pull sterile precautions should be 
obsc^rved. The u])por arm should be constricted with a tourniquet or arm 
band of a blood -pn^HSnro apparatus so that the veins are obstructed, but the 
radial ])ulse unaffectod. An iutradormal wheal of 1 per cent, novocain 
may ho mad(^ over the selected vein. The needle is passed through the 
when] into the vein and the blood will instantly pour out. It is now 
si(iadied in position with the left hand whilst the flask (or bottle), held 
in the right hand, is lowered below the level of the donor’s arm and the 
contents continously mixed with a slow rotary movement so that the blood 
is thoroughly niixod with tlio citrate, until it is filled to the upper mark. 
To promote a free flow of blood the donor should clasp and unclasp the 
hand, 

Wluai the llask is filled to the required 330 ml. mark, the second flask is 
substituted and fdlod in a similar manner. The tourniquet is released, 
the noodle is withdrawn and a dressing applied. (When it is proposed to 
store only for 2-3 days there is no advantage in adding glucose to the 
mixture, but if for longer periods, 20 ml. of 15 per cent, glucose are neces- 
sary.) The donor should rest for one hour after being bled and should not be 
permitted to do any work for the rest of the day. 

The anti-coagulant should consist of 100 ml. of 3’ 8 per cent, citrate in distilled 
water to which is added 20 ml. of a 15 per cent, glucose in distilled water which 
must bo liltorod and autoclaved immediately after distillation. As glucose is 
apt to caramelize during autoclaving in the presence of citrate, it is necessary 
to sterilize them separately ; 120 ml. of solution is used for 420 ml. of blood. 

Apparatus. — Two beakers, or Florence flasks, either graduated or 
marked at the level of 330 ml., are required, each containing about 500 ml. 
Needles of short level with uniform bores, but of different sizes, should be 
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provided, a inl)o ;iiul .i^lass riiniitd with suilaJih* ruhix'i’ eoiiiuM'iions and a 
noodl(^ fori^ivin.i; l»I<H)d to IJk' n'<*i|)ienl, A ^da,ss wimlow slioidd 

be provided lU'jir the so that a. view of idle eontiaits of (die tuho earn 

l')o o1)i:aiiied. ddi(' annhd. of a blood-pn'ssiini a.|»i)a.rai.iis is <du^ la'st form of 
tounji(|i](d.. 

The appai’adius is iesied a.nd sUadli/t'd imiiU'dialady lad'oro us(^ and 
SO ml. of sivrilt^ 8*8 ])er e(Md'. (‘ilra.b‘ solution ar<' phieial in (sudi llask. 


tj.’udi ilask now eoniiains SO ml. olddl-raO* Holution mixed wil li lioO ml. ofhloiMl 
and tdi (‘!‘0 should he no cdotddn^. 'I'Ik'hc^ proportions allow an aniph* nnirifia of 
eilratiim, so 1 hat ifili is d(‘sir<‘d to fj;iv<* moi’i* tdian .''>00 ml. of blood, anotlau’ lOO ml. 
can h(‘ safely run into (S'lch llask. Kx|H‘ri('nce has proved, however, that- 500 ml. 
is a fair a.vera|^(‘ transfusion. Tlu^ use of two flasks minimiz(*s I, lit* risk of losin^^ all 
Idle blood through elofitin^ or other aeeidtmt. If tin* transfusion is hein.i? eomph'ted 



2 1 5. -“Blood transfusion outfit with 
drip feed bulb. 

A. St,iiiiil(‘MH sled iiccdld iti Hiniill h'Sl. (.uIh*. 
Rcceril litl.iii^r nU.iii'lKd le hIhu’I. of 
ml)I)(M' nililiifr. 

0 . Miil(> tndiiil Milit|i(.er. 

I>. Itcaiiliil-iiia f.lin. 

M. i)rii) io'(i hull). 


a.t on<M\ (dw' Ihisks should h(‘ lu'pt in 
basins of hof^ wa-l(‘r durinji lillin^^ and 
for some tin m afler, in ordiw to keep 
tdu'ir ('onkmffH ad. adxmt lOd" l<\, at 
wbieb Umpx'Tad ur(‘ ldi(' blood will tu>t 
b(‘ injured, and in onba* In ta)unt(u*- 
badanee f.lu' head, lost durinj' tdie pan- 
sa-t?*' through tiu' funnel and rubber 
tubing, 

/for ,x/ornf/o. -Tht^ IhiskK should 
b(^ pla-ct'il Uit once in u. refrigm’jitor 
ami maintadnt'd be.twi'eu 2 and 0 ^ 0 , 
Idond must mwan* Im' allowed to 
I Indtu’ tlu'So eondiiions blood 
inu.y best'OriMl from 10 M days. 


Technique of transfUvSion. - Hiinph' ifuddiods of transfusion aro 
nu'ouimioided for usc^ in tlio fudd, ami (‘onipliead.t'd apparadais is too cminhor- 
soiiie for jirantiead, ns(^ in the tropics. Similarly, mefdiods for transfusing 
frc'sli blood dinud. aro too nnein'taiii. 


d’be armlid. is applied to ilu^ rmaphaifs arm after th<‘ skin lias Ikxmi propanxl. 
Hot sterile saline is run through tlu^ funiud and tube, and a. small (luaniity oftlu^ 
eitrak'd blood poured in, Air-bubl)leH should be('xp(dled and tlu' a(HMlle inserte<l 
into the recipumt’s vtnn, the armk^t loosetuxl and th(‘ blood allowed to How slowly. 
When the reei[>ient’H vtnn is not appar(mt,ajul tluux' is doubt if it has Ixxm (mi.tTod 
])rop(a‘ly, the shaft of tlu*. luualks atta(du*<l to a small hypodtuanie Hyriag(\ shouhl 
1)0 inserted into the vein first and the How of blootl obstawed Ixdbn' (ionm'oting 
uj). At h'ast twenty mimik's should b(‘ (xaupuh'd in running in tlu^ pro[)<‘r 
amount, (^are being <^x(M’eis<xl throughout to k(X‘p tla^ blood at tlu^ eorree.t 
teinporature, ''flu^ eollapsed and eontraoted oonditior) of the naapient’s veins 
ofto!i i'auses dillieultu'S. By making tho! armlet tight taiough eompIeUdy to 
arrest the cireulation for about ten ininutes, th(^ (‘olhmix'd ();u'bon dioxi<l<‘ will 
cause a local vasomotor relaixation so that, if tlu^ pusssuns of tlu^ artnkd he 
now reduced to tho level of that of the tUastulie pr(‘HHure of the nxnpient, 
maximum dilatation of the veurm will otaair. It is for this puri)ose that a hlood- 
presHuro apparatiis is jinderable to a t.ourni(pie,t, t.hough with ati tmtion to the 
pulse tho latter can be made to servo. Upon the dt‘gr(K^ of mvo wil.h whudi the 
recipient’s veins are dilatecl and rond<'.ml tetme the siKtiu^sH of tlu^ transbision 
often depends. 
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EmJimco of danger , — Evidence that the injection is unsuit.able is given by the 
followiiigsigns : lunibar pain, fullness in the head, “ pins and needles,” praocordial 

0] )pros.sic)n, cyanosis, laboured respirations or slow pulse. Any such signs enjoin 
cessation of the injection at least for a short period. Later, evidence of in- 
compatibility may be shown by rigors, urticarial eruptions, or lijemoglobinuria. 

(Lotiilos for taldiig, storing and giving blood can be adapted from modihed 
pint mill? bottles with an aluminium cap lined with 4 mm. rubber dia- 
phragm and ])rovided with a metal hand and loop at the base for hanging 
tho botth^ in an inverted position when required to administer blood by 
gravity.) 

Drip transfusion. — Drip transfusion has many advantages over the 
op(‘,n motliod. It is continuous, less likely to provoke reactions and more 
suitable for patients with profound shock. The patient’s arm should be 
b{indag(Hl to a back splint. The bottle containing blood is attached to a 
stand ft. above the patient’s head. A simple type of drip feed bulb is 
illustrated in Fig. 214. When this is used, a screw clip is placed below the 
(irip l)al b lU'ar the noodle in order to obtain satisfactory control. The desired 
(low of blood is about 40 drops per minute. Most drip blood basks are 
provided al, tho abluent with gas mantle filter or gauze plug to remove any 
■t)()Ssiblo blood clot. On no account must the flow be allowed to stop, or 
clot will form in vein or cfimmla. For prolonged transfusions tho Marriott- 
Kt'kwi(*.k a})pa,ratiis is employed, in which the blood is constantly stirred 
by a, s(,r(‘aaii of oxygen bubbles. 

Reactions to blood transfusion can be summarized briefly as fever, 
rig(jrs, pain in i,ho loins, headaches, vomiting and urticarial reactions. 

Finally himnoglobinuria constitutes one of the serious manifestations of 
incom])atiblo blood transfusion. 

Reconstitution and administration of dried serum or plasma.— 

1) ri(‘d serum is stable and is specially valuable for tropical conditions. 
The serum separated from clotted blood is filtered and dried in a frozen 
state. It diffeu’S from plasma in the abstraction of fibrinogen. It has 
the jidvantage of being tolerated in concentrated form, is beneficial in all 
forms of shock, and can be given to recipients of any group. It should be 
ke])t as cool as possible and in the dark. 

Ii(UWidilHlion . — Dried scruin is dispensed in standard 540 ml. bottles 
cunlijuning tho solids of 400 ml. of serum. It is reconstituted by the 
addiilou of 200 ml. (twice normal concentration) or 400 jjil. of specially 
st(Tilizod distilled water. Solution occurs in twice normal concentration 
in 20 miuutos ; in normal in half that time. Solution is accelerated by 
placing iho bottle in a bowl of warm water (104° F.). Solutions of 14 per 
('.out., and 7 per cent, of protein are then available. Reconstituted serum 
is uH(^d as an alternative to blood or liquid plasma. Experience has 
shown that 400 ml. is a suital)lo dose. 

Dried citrate plasma is similar to dried serum. The plasma is separated 
from blood which is mixed with citrate diluent. It is bacteriologically 
filtered and dried from tho frozen state, whilst the metliod of reconstitu- 
tion and administration is similar to that described for dried serum. 
The protein concentration is about 5 per cent. 
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Ad)nini'^tyalio}L — IlnconstiiiiU'd soriini c*an iidininisic'rod by jjjravity 
by moans of ilir ordinary lunmd apparatus 215). A litiJo normal 
saline should bo vnii in boCoro (.lie rt‘Constit.ntod smaiin and at least 10-16 
jiiinnios sboiild bo allowcul lor oaob bottle. Finally, a lew niilliliiros 
of normal saliin^ should be run in to wash tho soriun out of the 
tiibinp[. 

Transfusion with concentrated suspension of red cells. — Tliis 
motbod is now (anployi'd in very sevoro a.nieniic states, ospooially in 
aohohirie jaundioe and otlur i(di(ri(‘. oonditions in which marl, ions are 
likoly to ensuo. Jjoss than ba,ll‘ tho usual volume will prodmm the same 
rise iu hmmofJtlobin. Thc^ ])la.sina of tho wliolo si-onal blood oau l)(^ sa,V(Ml 
for otber shockod ])ati(mts, and the (bmgir of tra,iisfusinjL? ])oteni,ially 
incompatible agglutinins is hsssiuUKl. d’lu^ eoncimtralic^ is pr('pa,nHl from 
stored blood about tiaj tlays old. d’be red colls aro allowaul to siuliment 
by gravity, then the plasma is pipdlrd off by siudion appa-nitus and with 
it the “ gol ” which lies hd.wetm tlu^ rod colls a,ud lh(^ j)lasma. This is 
formed mainly from the brtaikdowii of hmoot^vti^s, libriii (hifjosit a,n(l 
])lat(loi,s. It is thus possibk^ to obtain 4Sl) ml. of Iluid which contains 
double tlu^ luemoglobin c<ouc.( miration (d* iovo boiih^s of sionMi blood by 
pooling iibo c,ontt‘iiis of iiwo l)oi,i,lt‘s, Otu^ botib^ of ibis ctdl susp(Misioii 
usually ra,is('S ilu^ luemoglobin 10 to 15 per ct'ui,. Normal saliiu) should 
not 1)0 adih'd a,s it inen^asos th(' fragility (d iho- (‘ryi,lirocyi,(‘s. 

“ Plasmosan” transfusion. — d'ho basic, retiuironiont of infusions for 
tho treaiiment of shock is thal» it should rt^store the vohiim^ of circahiting 
fluid. The colloidal coin[)()n(mt should have a molecular n,ggrt‘gato that 
will noi. n^adily (^sca,p<' i.brougli tho vossid wa,ll. It should j)e gradually 
oxcrotod and should oKert a colloidal osmotic pressuri^ siniihu’ i,o that of 
iho plasma proitmis atid should have a viscosity similar to that of blood. 
It should bo safo and free from undosira.bl(^ sido-actions. 

PolyvinylpyrrolidoTio is a white solid, vary soluble in water and 
gives a clear colourless solution with a pi I of 4-5-7. Ijaboratory studios 
have domonstratial that, iu addition to compensating for l.ho blood loss 
which results from massive acute hamion-lmgo, })yvrolidouo solutions exert 
prevoniai.ivo and curative pro])ortios in traumatic slioc-k. Iu 8-5 j)er cent, 
solution (500 ml.) it has hoen widely oinpluyed for acute luomorrbag(i. It 
is concluded that the imuiediaio use of plasuiosau is an offoctivo moans of 
maintaining blood pressure. 

Plasmosan is a storilo acpioous 8-5 per c(^nt. solution of polyvinyl- 
pyrrolidone, together with electrolytes in proportions comparable to i,liose 
in blood plasma. Tho solution is intended for intravenous infusion as an 
alternative to plasma, or as a supplemont to whole blood. 

Plasmosan is put u}) ready for use iu 540 ml, waiHt.ed M.U.O. transfusion 
bottles. There is no necessity to warm or filter plasmosan before 
administration. 

(The drawback to this method is tliat difficulty inay be oncoiintered in 
grouping on future occasions and possibly may affect BvSJt and clotting 
times.) 
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DDT AND OTHER INSECTICIDES 

DDT (dichlor-diphenyl-tri-chloroethane) is a colourless crystalline 
solid wbicli is chemically stable, so that traces are very persistent. It is 
sparingly soluble in water. By no means unpleasant to use it is devoid of 
any disagrooable smell or colour and does not cause irritation or allergic 
offects. 

Although it is leiihal to a wide range of insects it is definitely not a 
n^pelhniii. When particles come into contact with the insect’s cuticle the 
poison is able to penetrate the integuments and cause ihe insect’s death. 

Gamitiexane (benzene hexachldride or BHG) exists in five isomers, 
of which one only, the gamma isomer, is highly insecticidal. Pure gamma, 
niiC, is a white crystalline substance, insoluble in water, but dissolving in 
organic solveiii,s and to a small degree in mineral oil. It has a slight 
musty odour. Gamma BHG is absorbed by insects after contact or 
iiigc^s'tion in a, similar manner to DDT, hut its action is quicker and is less 
pia’sistent tlum I)l )^r as a residual film insecticide. 

Chlordane (106S), octochlor or velsicol, is a chlorinated hydrocarbon 
c.ompomul with formula of CxoHeClg and possesses outstanding insecticidal 
proiKiriiies. It is a viscous liquid with a faint odour and a slight tendency 
iio (‘.rystallizo. It is insoluble in water, but is miscible with many inorganic 
solv(ai<^s, iuchidiiig doodori/od kerosene. 

New insecticides."— Some of those are chlorophonyl ehlorotnethyl sulplione, 
the a(ilJv(‘ principle of a Gornian product “ Lauseto Neu,” or toxaplicne (3956), 
1)1)1) (dichloro-di^ihonyl-dichlorctliano), mcthoxychlor, hcptachlor, aldriu (coin- 
(xmnd 118) and dioldrin (compound 497). In addition thcro are cx'-rtain now 
phosphorous insecticides, e.g., parathion, HETP (hcxa-ethyl-tetraphosphate), 
''['MPP (totraothyl-pyrophosphatc), which are o.xtromoly toxic to some insects. 

Witli tlio exception of Chlordane these insecticides are solid crystalline 
substances. 

Application of DDT and BHG.— The essential requirement is the 
forinathm of small crystals or particles, 10-20 /r in size which can easily be 
pickiHl up on tlie feet of mosquitoes. For the preparation of wettable 
pow^(l(U’S, or suspensions, it is necessary to grind the dust as finely as is 
requirtnl for the manufacture of paint. These very small crystals are more 
tioxic if surroundod by a film of oil. 

Dt^posiis of solid particles of insecticides disappear rapidly from the 
surface of mud blocks made from laterite earths in E. and W. Africa, India 
and Jamaica. 

l\Tsisi(uico is the most valuable property of DDT, so that surfaces 
coui-aminated with it will poison insects that rest upon them for many 
winhs, but, to l)ring DUT into contact, with harmful species, it is nocx^ssaiy 
t.o spread a smiill quantity over a relatively large area. To do so, DDT is 
diluted with a solid in tho'fonu of powder, or with a liquid to form solutions, 
oumlsions or suspensions. A good persistent result can be obtained by the 
use of about Ovl mgm. DDT per sq. cm. A film of 0-01 mgm. BHC is 
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equally oftVctivn, \ml ]>y no moans so porHist.(‘n(>. To apply a pfood doposii 
kerosene solui.ions ooiiUinin^^ 5 por and 0-r) per cent.. n^siKu-di vely are 
adcMjual-o. (lamina is nmcli more i.oxu*. iliaii DDd^ aial a, niosipiiio 
iiivarialdy <lios wilJi a. kd.hal dost‘ afica- a hritd’ (mnia.el, ixa’iod. 

A coiiijiarai.ivi^ly simiilo lypo of film in anti-mosqiiiio larval l.reatniont is 
oni* in wliieli a solution of Dlff in oil is a.pplied io iiio surfaeo of wafir. 

An oil wiili a lii^di spreading pressiin^ is necessary in ordi^^ to form a 
powtu'fully sprc^ading film ovir largi^ areas d('spil>o a,qiuiiic. av(‘(h1s. A 
siiilahle oil (eonlainiiig resin) should he sprayi'd lim'o a.nd fhon^ witii 
a dosa:ge of about. 2 ml. per 100 sip leid.. 

1)[)T’ and J5M0 can be appliml against lice, tliuis, ])est.s of (lomost.ic 
animals, crickets a, ml cockroa.clu‘S in powdi'rs dis])(‘rsi‘d by numiis of a 
‘‘ dusting gun.” In solution of 8 -5 per (‘ont.. in hi'rosiaui jiroducing a, 
ri^sidiial him tiny ari^ usihI for bed-bugs a,nd liousi^ Hies. A coarst^ S})ray 
is necessary. 

They can be incorpora, t.isl in ])aint or disienijun*, but t.lu^ powtu* is less 
than when applied dirc'ct. The crude Dlff is hrokmi up on a, t.ile or 
concrete Hour and, whmi jin^ssure is applied, it prodmu'S a, soft,, st,ie-ky mass 
and is tluai made into a sinoot-h paste. Tlu^ powdm* should never Ix^ a,dd(Hl 
direct to t,he bulk of oil. To prepare a 5 per cent,, solut.ioii, ^ lb. of fine 
powder is added t.o 1 gallon of kirostaie or du^sid oil. It, is best t.o imdt, 
th(' iusi'-ct.icide g('ntly and tluai pour it slowly into the kerosiaie witih 
vigorous stirring. Suspensions are best nuuh^ with trim addition of some 
inert suhstiance,, such as kaolin, to assist tloat,at,ion. A simpli* type is 
prepared by shaking a mixture of l)lfl\ kaolin or ta,ic with water contain- 
ing soap. “ Wotitablo ” powdiu’s (50 pia* ciait. DDT or 5 [ua* cent. lUK-) 
are ava,ilal)le which contain t.he insecticidi' with a siirfact^ act ive agent.. 

Aerosol inisls such a.s t.he aerosol bomb in whic.li DDT is mixiul wdth a 
liquid ga-s (dichlor-ditluor-mothano ■ ■ Knum) iu a closi'd contaiiuax In 
tho Ereou liomb in Drit.a,in, carbon dioxiile is usiul in small insi'cticidal 
sprayers. On opening a liiu' noy;zlo tlu^ lupiid is driviai out a.nd forms a 
lino mist whicli has a t.ransiimt insiHjt.icida,! idTcndi. Tlu^ composit.ion is: — 
DDT B por cimi.., lubricating oil 5 pir ctait., iiyri't.hrino OdJ pir cent, dis- 
solved in Froon. Tluiso aiirosols, when ndixisixl at 1 -2 ft., from the ground 
level, can lie used io put u)) a barrier around tmupora.ry camps. 

Insecticidal smokes are clouds of ius(H*.t.icida.l part.icles produced wit.liouti 
tho agency of a carriia’ llnid. Jn use t.luy are similar t.o aerosols. 

Action on adult mosquitoes. -- (lenorally speaking anoplmlinos are 
more suscopi,iblo than cnlicines, DDT is used in sprays t.o augmont 
pyrothrum atid to onsure a (piick “ knock down.” Much an unt.i-mosquit.o 
spray is 0-05 per cent, pyrothrum, witli 6 per emit. sesa.me oil and O-B piu: 
cent. DDT in kerosene, and given at the rate of 1 tl, o/u t.o evory B, ()()() 
cu. foot. Sosame oil augments tho insecticidal action of pyrethrums and 
also piporino dorivat.ives, (^specially piperouyl buioxide. A synthosij^od 
product “ Allothrin ” has many properties snuilar to pyrot hrum. 

Pocket-size sprays can disperse inBocUcidos wii.h the following formula: 
80 per cent. DDT, 20 per cent, oyolohoxone, 6 por cent, motor oil, and 
0-2 per cent, pyrethrum in kerosene. 
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Spraying of the internal surfaces of houses is the commonest method, 
Mosii ano])helinos enter houses to feed for 5-6 hours and then rest on walls 
and ec'ilings. Some, as A. darlingi in British Guiana, remain for two or 
tlireo (lays; othei's such as A. albwianus and A. (Kerteszia) aqiiasalis for a 
few hours, 'riit'rofore spraying of houses once every 9-10 months with 
5 per cenii. DBT in kerosene, at a dosage of 100-150 nigm. per sq. foot, has 
practically eliminated malaria from British Guiana. 

This method can only be used in certain types of houses. On absorbent 
maiiorials, sucli as dried mud, serious bsses of DDT and BHC solutions 
occur. A lost hoalih auiihorities now use wettable powder suspensions for 
la.rg(‘-sca,l(^ ()})eraiions. When applied by knapsack pressure sprayer at 
(losers of 100-800 mgm. per sq. foot, results are more permanents. 

BHO ])ossessos an initial toxicity to mosquitoes of Africa (A. ganibice, 
A. fmiedm, A. moncheti) in the form of ivettable powder. When applied 
at six-monthly intc^rvals at a dosage of 13-15 mgm. gamwa isomer per 
sq. foot it rculuccs the malaria parasite rate for children by 66 per cent. 
The sana^ (dTeci) has been noted against A. mminius in Assam. 

In Tanganyika experiments with BHC dispersible powder (P. 520) show 
tliat tile lidhal action persisted for three months against A. gamhix which 
are killed before they have time to bite. The rate is 400 mgm. per sq. foot 
in a mixtun^ of 1 lb. in a gallon of water. 

Kesidual outdoor spraying is of great value for mosquito destruction and 
Iliads to reduction of larvae as well. Wlien applied to walls of houses, 
barns and i,outs (in strength of 50-100 mgm. per sq. foot) it remains 
aclivo for two months. 

This dopi-^nds largely on the habits of the mosquitoes. In New Guinea 
A. puncMatus enters houses for blood meals, but rests before feeding. 
Therefore, in this instance spraying of furniture and nets offers the best 
chanc(^. 

Action on mosquito larvae. — Two to four ounces DDT per acre suffices 
to control anopheline or culicine larvae. Application by drip can is less 
officioni.. The best solvents are kerosene or diesel oil No. 2. Adequate 
covering of the water is best obtained with 2 per cent, solutions at 2-3 quarts 
p(U‘ acre. 

In Die case of stiream breeders (A. minimus flavirostris in the Philippines) 
conta(‘.t with larvio is effected by sawdust impregnated with 2 per cent. 
DDT solution. 

Malariol (a special paraffin solution, see p. 98) with 5 per cent. DDT 
solution, halt a gallon per acre, gives best control against anopheline 
larvtx). Sj)roading power is assisted by the addition of 0-25 per cent, resin. 

A practical larvicide can be made of two parts of sawdust and one part 
of plasl.iT of Paris by volume niix(^d with water and allowed to set. The 
mixi.uro is then cut into pellets of <5in. and allowed to dry (48 hours). 
The polkds are then soaked in DDT in oil for a further 48 hours, 
l^lffectivcuu^ss is 100 per cent, for 2-4 weeks in suitable breeding places. 
The pcdlets are thrown for a considerable distance to breeding places 
which ar(3 difficult of access. 

This method is specially adapted for ricefields whore its use is harmless. 
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Aeroplane appUcation. — TIio Skwnuiii is most suii.ablo type. 
Solnti<-)iis n.ro used in 5 jxn' ctMii. at Mk' rivU^ of ‘J 1 (jiKU'liS por a,cro. Tl)o 
greatiT (‘nnciMii.raiioii of tilio S])i’jiy-lliii(l tlu' Uk^ area (Jiat can bn 

covered wilb aircrafti. d’liis inoasuro has given good rosuliw in India, 
liiirnia jind IbS.A., but. in thily, whnn‘ iJu' adult ins(H*,ts I’lisl. in liousns and 
stables, resiill.s havt^ nol^ Ix^nn so good, d’lu* lim‘ li(jiiid spray is olTockHl 
ibroijgl) jui (‘mission tuhis or vaaitiiri, und(U* tlu* fusnlagi', or tlirnugh a 
boom with iio/zlos ou tlio nnd(U*sido of tlio wings. Sinologs or aerosols arc 
produced by inj(xiting the solution of iusc'cticidn into th(^ exhaust sturcka and 
relying upon i.lu^ heal, and oxhausi. to break it up into fuuj pari, ides. 
Success is claimed rroiii both. Best results an^ obtained at a, height ot 
‘25~B0 feet. An iiicnMiso of pn^ssuro IVoin dO-IOO Ib./scp in. d(‘creas(^s the 
particle sij^e from 145-90 /x which is important. Oru') of the nuuiy problems 
to be solvtul is the adtxpiato penetration of V(^gei,ation in order to kill 
anopholiuo larvju. 

Holico})t(^rs are omploytHl to kill anopludines of tlie gcams Ixortema 
which brood in the axils of broinoliads. 'rhe tdTects an^ mainly dui.' to the 
extcaaninal-ion of adult nioS(piito(‘S. 

Action on sandflies (Phlebotomus).— The adult insects a,r(^ higldy 
snscoptiblo, but the larvsu a.re n^sistant. (Jompltd.e i)rotec,tiou can bo 
obtained by T)L)1’ or BMC residuad sprays, atUuddoti lieiug })a,id l.o corners 
and upper parts of idio walls and doors, windows and scr(Hnis, Oniiside 
spraying of walls, especially as in Turkey (wlau'i' cow dung is plast(a*ed on) 
aiid rubble heaps destroys sa,nd(lies before tluy can (adur buildings. Ju 
Greece iJio standard method is by hand pn'ssure sprays of wattu'y tmmisions 
of DDT (2 grm. per sq. nu). 

The action of DDT and BHG on Simuliidae. discovery that 
there exists a phorotic association of tlio pupje and larvin of nmui with 
crabs in Konya lias a boa, ring on tho application of DDT la) rivers for tho 
control of this important vector of onchociuTiasis. 1 1, will now be nec.ossary 
to treat only those rivors which are inhabite<l by this crab {PoUwion 
nilotiom). 

The principles of DDT treatment is to ajiply an oil emulsion to tho 
running water at tho upper limit of tlio streams in suriiciont (juaiitiiy to 
maintain a concentration of at least 2 pa,rts DDT pt^r million parts of water 
for 80 minidies, rept'atiug tlu^ process onc(^ ((very 10 days in orcha’ to kill 
successive batches of larvie and chocking tho results for adult Hies. The 
most successful was 20 per cent. DDT in toluene, with 10 per cent, soap 
and 1 per cent. “ Ahracol as a stabili/er. dhe emulsion is applied from 
drip cans susjieuded over the water, fjarvai and pupm rapidly disappear 
ami adult Hies can no longer bo caught one month after th(( start. 

From January to February, 1951, seven aqiplicatious wcd’o made at 
three-day intervals from fixed-wing aircraft of a DDT oil solution to 
vegetation on tho hanks of the Nile at Jinja. The results w(U'o highly 
satisfactory. 

Action on house flies. — ^DDT acts only ou the adults. It is used as 
a direct spray, or as a residual spray in breeding areas, fn tlio direct 
spray the addition of 0'8 per cent, pyrethruiu gives tho imeessary “ knock 
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dovvii/’ DDT dust is most effective in 1-2 grm. per sq. foot. On manure 
heaps DDT acts only if not covered up. 

Action on tsetse jflies, — DDT has to be sprayed twice a week on 
ca,ttlo ill E. Africa as a moans of controlling tsetse. No harm results to 
the calile and a slow reduction in the flies has been reported. One per 
coni, soluiiioii in kerosene with addition of 5 per cent, gum leaves small 
ciysi.als on the hairs which adhere to the feet of the flies. Especially 
siiscopiible are G. ‘pallidipes, G. ‘morsita7is and G. swynnertoni. 

(lamina HHO smokes have achieved considerable success against 
Glomna 'pallidipes and G. simjnnertoiii by fortnightly application in isolated 
blocks. Insoctibar smoke (produced by T/EA generator) is now used for 
(bellying trains on the Mombasa-Nairobi railway. 

DDT spread by aeroplanes has been carried out in Zululand (du Toil 
and Klngis 1047). Thu area was sprayed three times over a period of 
live woelvs. This procedure was adopted on the assumption that the first 
i.wo applications would cover the normal gestation period of the flies. A 
20 per eeniu solution of DDT was dissolved in four parts of toluene oil and 
seven pari.s of O.I. fuel oil. This was fed at the rate of 5 gallons per engine 
per ininutii nqu'esouting an output of 16 lb. DDT per minute. It was 
('stimaiiod Hint 1)1)1^ would penetrate the dense foliage and be deposited 
oil th(‘ undiTHurface of the loaves. 

Ill St^iiioniliur, 1050, seven applications were made from fixed-wing 
aircraft wii.h 0*25 11), DDT per acre at two and a half week intervals against 
a vurmtmiSy G, snyynnertoni and G. pallidijyes. Rapid reduction of the fly 
po})nlations was obtained and low densities persisted for six months. 

Although total eradication was not achieved the tsetse fly incidence was 
greatly reduced. 

Action on bed-bugs. — Those can be eradicated from buildings with 
JM-fC/ residual sprays in dosage of 200 mgm. per sq. ft. and when applied to 
mattresses, beds, and crevices prevents reinfestation for 6-9 months. 

Action on reduviid bugs. — Gamma BHC is more effective than DDT. 
Dias and Pollogrino have used a watery emulsion in 1-2 grm. per sq. m. 
Adult bugs are more susceptible than nymphs, but on mud walls the 
iioxicii.y is more Gffeci.ive. Smokes and aerosols are effective in houses in 
Argentina. Spraying with BHC (P. 530) in 7*5 per cent, suspensions in 
water lias boon employed against Triatoma infestans in Uruguay. After a 
nine months’ interval the results are said to be satisfactory. 

Action on cockroaches. — These are not so easy to control as they are 
very mobile and premises are so easily reinfested, though residual sprays 
cuiiHiitute a valuable method of control. Dusting, 100 mgm. DDT, 
should bo applied liberally. The German cockroach {Blatta (jermanica) is 
more resistant than the common species. 

Action on lice. — DDT has completely revolutionized debusing policy. 

Anfd4ouse powder contains 10 per cent. DDT. The chief advantage is 
that the individual can be treated fully clothed. Three treatments at 
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wcnlvly siifl'u**' U)v (iliiiiina,(.i(ni of nll.s itnd Vnv, h\)r luiiss iroat- 

inoui, l.i'aiiis an^ l^\>r i)()\vd(‘r is applied 

(livocL io iJi(' lu'ad a.ial napi‘ of 

] ifrj)y(Uin(t(r<l vhihhuj, Angola, dra.!) sliirlM iwv. impiv^iiaii'd ad ilie radii 
of 1 I)|)T wi'i^dil foi’ \vi‘ijj;ld. of ^^u’liionf. Th(‘ sliiids a.ri' nd'orriidio 

as A/T (Aiiii-iypliiis) and ha,^■l‘ pi‘o\«Ml mosi (‘Udid i\ t'. I f iinwa.sluMl siicli a 
shirt affords I'omplid.o protirdion for iMujlil. wiH'ks and oonsidiM'jihli' pi-otoo- 
iion for yid anothor four. Wa^shiiro l)y a. spocial pnua'ss of liui inohilo 
laandry unit d('Stroys tlu^ ('fli<*a.(*y of ODT aJ'ha* tliii (liird washing. 

lA>r iinprof^niadion of ‘^arnuMils the pctwdiu' is insuflla,l(*d hy a. hlowin* iid,o 
loosoiK'd (dotlu'S. Of tlu' various kinds tlu' Oohhin (Suporhilt) l)ust,or 
or 1.1 u' Hudson (AdniiraJ) a.r(0.1ui hi'st, thoupjli oiu* of 1 lii' hortiindtura.l typos 
may bo laiiployial wil.li tlu' noz/ilo shortiau'd to projiu't a-hoiit S in* hoyond 
ilit^ l)a.i’rol, Tlu‘ aim should hii to insufllali* powdiir niixod with air with 
a.n a:V(ira.}j[i' of U '1 ox. for laich pi'rsmi. Tlui h<‘ad oo\orino should ha 
triiadc'd, and tlion, wilh aa'ins I'xioudinl, 1 <h‘liv<*ry I ulx' should hi' inst'rtial 
into hot.h sloiivos a.nd powdiM' [)mnpt‘<i hoiwt'on llu'skin and sinoKd ♦ puyin}^ 
S]Kii*ial adittuition to armpits and shouldtu's. Insiadiu^^ (hi‘ tuhii in front 
tliii (duist should ht' sprayiul from oik^ sith* to Hu' otluM*. No\t Hu' tului 
should ho insiudiid into tlu^ madv-hand a.ml Hit' hack should hi' duHtod. 
Th(< loj^^s a.ro tnaiiod Hiroiij^h tho trousi'rs, osporially ilu' oiailoh and pubic 
a.ro-as. Tln^ waist, sido soaans a.ud roar of pa.nl s aiv powdori'd in turn, 
ospooiaily ovor tho huttoo.ks a.ud roa.r of tho orulch. Wluai no hlowor is 
avaihihlo tlii', })o\vtlor (am ho woll sha.kon into idothiiii,^ roinovod from tho 
body. Thii ooai. laid opon mi tho taldo tho wliolo insido a.nd annholos arc 
dustiid. Tho trousors aa’o troatod in tho sa.uio inannor. Hy ( lu'so inoa.ns a 
toaiu of two c.aai treat 60 *10 jiorsoiis in a.n hour. Tho powdi'r roniains 
aciivo for two to (hroo wooks. 

Prevention of noxious insects in aeroplanes. Ho}^ada,tiims for 

quariintiiio disinfostadion woro dovi‘lo[)oil iu 1!)60. They ri'ijuiro. tho uso 
of an aorosol cimlainin^^ no loss Uia-n 1 fior o.oni. jiyroUirins a, ml 6 jior ctail;. 
DDT at tho rate of at loast 5 grin, por 1 ,000 tai. foot. Tho typieal formula 
is:— 

Tyrotliruin extra, ct (20 jior coiit. pyridlinmi) . r> 

DJ)T (porcoriiago hy widglit) .... 6 

(lycdohtxariono ...... 5 

Lubricating oil 2 

“ Troon 12 ” 

Disinfestation may bo (*.a,rri('d out whilst iu (light, hut must ho 
accomplisliod at h»ast liadf an hour hoforo iirriva,!. Tho vontilaiion systimi 
must bo cloHOtl whilst Hio insoidiciilo is roloasisl a, ml for throo miuutios 
afterwards. 

Action on ticks.- Thu best results have boon obtuinml withawato- 
dispersible powder P.560 (containing 0 por emit, ganimoxaaio). Tlio action 
is high against ticks of shoop and (uittlo, and also against Artj(Vi, Ondtiio- 
doms and Boojjliilufi* 

Against Ornithodoms moHhata in H. Africa Knowh'S and T’orry advocate 
insecticide D.220, or agrocide 7, containing 2T) por coni., ganmioxanu, 
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()ii(‘ |)iul, mixi'tl with 4 parts of diatomite to produce a light powder, 
call(‘d (1 dust., apfiliod at the rate of 8 lb. per 1,000 sq. feet. The 
i‘('su!ts oil sisal a,]id other estates were not so striking as those in the 
i.ownsliips. Here, a, different form of garnmexane was used, D.084 or 
agrocido 8, wliicli lias a gamma garnmexane content of 0*5 per cent. 
j\(gula.r triuxtiiieut of houses achieved comparative freedom from 0. 
vioiibata and almost (‘omplete elimination of tick-borne relapsing fever. 

Toxic effects of DDT. — Some preparations of DDT under certain 
coiiditi()ns do involve some risk to man. DDT distemper may be toxic 
a, ad BO are certain oily preparations. Fatal cases have been reported from 
drinking 5 per cent, solution in kerosene. The symptoms resemble those 
of carbon tetrachloride poisoning. 

Resistance to DDT and BHC. — A significant development is the 
occurrtvnce of resistance or tolerance in houseflies and in certain culicine 
mosquiines. Other chlorinated hydrocarbon insecticides produce the 
sa.me ix'siiK,, but a similar resistance has so far not been recorded in 
anophelii le mosquitoes. 

EPN, a, phosplial.e C( impound (du Font de Nemours Co.), controls 
inoscpiito larval a.nd adult mosquitoes which are resistant to other insecti- 
cides. 14 is spraiyod at 0-()85 lb. per acre and is also suitable for plane 
(lisix'rsal. E14N is toxic to man and animals and lias to be used with 
groat care. 
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TABLE OF DRUGS FOR TREATMENT OF 
TROPICAL DISEASES 

CoiSlPOSlTIONf, INDICATIONS AND DOSAOMS 

'riiis lisl. h;is dniwn uf) in alpluilHd.icjil nnh'r to alTonl rouly assiMtauci^ 
lioilKCstiulcntjuid prartilioiuT. In moNtcaHrs tluM'onunon nr pliannaiusitacal 
nanui of tlio druj^ is ^iv(‘n, wit-h synnnyins (in ilalics). clirniical (‘onslitutioi^ 
t)i(Taj)(Mitio apjilidaliniit dnsa^i\ spai'in.i' and oHht r(‘l(‘va,ni inforniaiinii. 

'rhc Kditnr is ind<^l»1t‘d In Mr. It. Korrirr, M.P.S. ol' May and Kakta*, for 
conHid('ra.l)l(‘ assistfUKa* in this socdinn. 

Acetarsol H.P. Arctansonv, /'VaovnYfa 1570, Khaniphi n. Ontmni, 0,s’/7o*avd/, /Vrmr///, 
i^pirocid ^^kyraraol. 

'^•(icvtulnm i noA -hi/dnu'j/pfirniflamtu ic. (trid. 

Itakipsin^' favar, Ital-bito lav<a*, MVyjmiioHcJinia.sis, ^’a\VM, Syphilis, (Jiardiasis, 
Ualantidiasis. 

Oral, 0'()(i-0’25 ^frin. (I- ■! gr.). 

Acctarsol Sodium. i^ltuvrsof-SiKfintn. 

Yaws, Syphilis. 

jiitra-musaular or Hiilu‘uta,n<‘ous. 0*5 I’D^rni. (TJ 22.J 

Acetylarsan. 

]>i<‘lhi/l(n>ih(r i-ittK af (irrfdmd. 

Yaws, Syplnlis, Tropical Kosinophilia. 

IniraniuHcular or s\ilu‘Utan<‘onH, ml. of (1 ml. 0 05 grm , A.s). 

Acidum Ascorbicum B.r. Vitdmin( \ ('vrildmir Acid, rrofictu'fdn, lU\d(Kmn, 
Rnolic form of McfoA-tjulofia'aniducOiW'. 

Scurvy, Wound h(adin^^. 

Oral, l-al). acidi amd'hici 50 m^m. tlinaHimcs daily, Iidraviuious, in ucuio caHcs. 

Acranil. 

JfydmcJdoridc of an acridhiv. dcriimtirv, 

Oiardiasis, Balaniidiasis. 

Oral, Uhlots of 0'5 )j;pm. TIm'C tahlcfs dm’ly (I 5 ^rni.) lor live days. Omsl in 
Ocnnaiiy and Scandinavia. No io.Kic cUciduS. (tSVc p. 540.) 

AlepoU /SWiawi. hjdnocarpatv. Sodium (ji/uocm’datc. 

Sodium siilb of mdvdvd fmvtiou of Hw nen/.v of hjdnocavpua oil, 

IjC])rosy. 

SubcntancoUH, intraiuu.scular, intravenous, I 10 ml. of 1 or 2'h\ solution. {See. 
p, 505.) 

An abin . Knrehid) imn a th> iod idc . 

Knrohi rmnhinad milk hiamulh iodide, Alkaloir) is wuvAshtc (,sra p. 5111). 
Am<id)iasis, 

Oral, ()'25'"0'()r> grm, (4-10 gr.), I,V<‘paratlon used in India, 

Aneurin, Aueurmm UydrockUirimm Ji,P,, Thiamine. Hydrochloride, Vitamin 

Avmo-%*^m(dkylpyrmi(lim-W-mclhyUM^ chhruk 

hydrocMoride, 

Beriberi, Burns, Varicose Ulcers. 

Oral, tablets 3 mgm. Injection, 26 mgm, in I ml. Store proteettal from light, 

86B 
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Anthiomaline. 

IjUklum antimony thiomalate, 

Schistosotniaais, Lymphogranuloma inguinale, Leishmaniasis, Filariasis (If, 
bancrofti), 

Intramuacuilar or intravenous, 0-03-0 12 grm. {^2 gr.). 

0% solution : 4 ml. for adult, 2 ml. for children. 

On alternate days for 10 or more injections. (See p. 714.) 

Anthisan. Meyyramine maleate B.P. 

A potent antihistaminic for the treatment of allergic conditions as in filariasis 
and schistosomiasis. 

Oral, 0*3 grm. increasing to 1*0 grm. daily, in divided doses, taken only with food. 
Antimosan. Von llcydm 001. 

J\)tasfiinni pywcatechol-sidphonaie. Contains 12-5 per cent, antimony in tri valent 
form. 

Kala-azar and other forms of Leishraanuusis. 

Intravenous or intramuscular, 0*2 grm. (3 gr.). (See p. 159. '1 

Antrycide chloride. (Curd & I)avoy, 1949.) 

4 -a'/aino-(>-(2 no-^'-methylpyrimidyl-'^'-QmiTmyyuvnaldine-li 1 '-dijnethochloride, 
''rryf)anosoTniasi.s of cattle and man. 

lnj(H'.tion : single dose of I mgm. per kg. for Try panosoina congoUnse. Similar 
aedivity for T. rhodosivtm% T. briicci, T, eransi, T. equiperdum and T. equinum, 

Antrypol B.P. Suramin, Hayer 295, Oernmnin, Fonrneau 309, Moranyl, Nagaywl. 

( I rva of arid dini4d'a-aMinobcnzoyl-wcl-a-aniinoethyl-he7izoyl-l-naphthyla7nino-4-M 
iriunhphonatc of mda. 

Trypanosomiasis (T. (lainbienue and T. rliodeuieme). Otiohocerciasis. 

Intravenous, or rar(‘ly intramuscular, 1-3 grm. (15-45 gr.). Active in early 
stages of trypanosomiasis. (See p. 125.) 

Areca , B .P . Iktd Nut. 

Pried ripe mods of Areca mtechu. Contains several alkaloids, the most active being 
araioline. 

Ocstodiasis. 

Oral, 1-4- grm. (15-00 gr.). Not so effective as FilLc mas but is so in combination, 
with oleoresin of aspidium. May bo used as a substitute. (See p. 815.) 

Arsant, 

A salvarsan compound in ‘Which two arsenic atoms are replaced by antimony. 

Kolapsiug Fever. 

SamiJ doses as salvarsan. 

Arsphenamine B .P . Arsenohenzeme, Arsenohenzol, Arsenobillon, Arsenphenol-amine, 
Pinrsaiol, Bhrlich-Hoia, or 000, Kharsivan, Salvarsan. 

3 : *y~diamlnoA : 4/ •dihydroxy-arsenobenzene dihydrochloride. 
llolapsing fever, Hat-bito fever, Yaws, Trypanosomiasis, Syphilis. 

Intravenous, 0*3-0 -9 grm. (5-15 gr.). (See p. 192.) 

Ascabiol. Contains 25% benzyl benzoate in emulsion. Benzevnn and Proscahin 
are similar preparatioirK 
Benzyl benzoate. 

8cabi(‘S, Pediculosis (P. capitis and P. pubis). 

Local application. (Sec p. 1008.) 

Atepe. 

Oombhiation of atebrin 0*1 grm. and plasmoquine 0*005 grm. in each tablet lor treat- 
ment of malaria. 
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Auremotine. 

(U^nildnation of Uo' prnodnlcs of iomtuh' and onntinini', roiifitiiiimj cniriiuf 

aitraininf' and iodinv. 

Anu»'l)i:isi,s in clironic 

Oral, O-Jl'-O-L’ uinn. (2-:{ [Sw p. nl 1.) 

Aureomycin. 

Anfih'iofic dto-irrd fratn, Shrpfttnn/rrs (furrojarirnn. 

nnnn'rouH (<ram*|M»silivt' juid Oram M(\i;a,liv<> o!’^a,niHmfi. 
Umliilanii l(‘vnr.M, 'rY])hu.s, 0 InviM*, Lymplm^ramiloaia, VinuMHann, l^siUncdsiH* 
AnuohiaHiH, \'a\\s, ( loccldiiunN (“ ohIm. ’ 

Daily doHos -oral (1(1 inj^m. |>(‘r kn. in (‘apKuli‘M of mji;nK Hinas l.inirw daily 
for 5 (lay H. Ini ravt'nniis or iid ranniscidnr tn.i;’m. {X'r kj;'. (*SVr p. 

Avomiiic. ^a'/doradhaaplipfllniitt' <f prontrlfta :inr. 

Ka,UH(*a, voniiHii}^, i.ravi'l Hickiu^HH, cliokM-a. and oHnn' (•(indii.ionH. 

Oral, tal). 2r» in^in. (iSVr p. I (IS.) 

Azacrin. - 1 nt 'DUHiza-mndlnv. 

- mihaxy - d - r/z/oro - !) - (5" . divihif - amino - "A - prn(ifl) - amino . ,*{ - avzz ■ acridine. 
diliifdra<'ld(n'id(\. 

J\lalaria, 

Oivil, Tab. 0-1 /^rm. for 5 days. 

Azo-arsmobcnzol. (1 1 07) 

Try[)anoHomia.HiH. 

J nigral V OIK ma, O-O ^rm. 

Bacitracin. 

An a^ntibiol.in obiaiiUMl from Htrains of HaeiKas nnhiifis, not (b'Mtroyi'd by blood, 
puH, or ponu'illinaHo. IndioaOal in Amodiic Dyntnitory. Tojiir'al applioaOon 
in Hkorilo Ha,lin(s or an an oiidmont. 

OraJj 500 uniiH per ^^rm. IntranuiMoiilar, K0,000 unitH for lO days, Iidiuvaaioua 
injocHoii iiontra-indicatcal. 

BAL (iV<ja Diinnrcaiirol.) 

Berbcrinc sulphate B.l>. OrinoL 
OrioiiUl sons. 

HubouianaouH or as ointnunit., O'Oti 'O-Ji jj:nn. (1 5 ^r.), 

Betanaphthol, B.P. 

^’7mphlhol, 

AuayloHtoiniaHis, Awsfi-riasis, 0<‘sto(lia.siH. 

Oral, 0*i>*0-(i5 j^rin. (2-10 ^r.). 

Bismosol. 

10% 8uUli(m (f potasdinn. mnliam hinm a that art rate (contain inq 0-:t<»[, pipvrazinc) 
in glnamc. 8(d nt.ion.. ' - / / / 

Syphilis, Yaws. 

Intramusnular, OH ml. (I 7 luin.). 

Bismuth arsanilate, 

SyphiliH, Yaws. 

Intramuscular, ()*O0 grm. (I gr.). 

Bismuth oxychloride. In jeetio Ji, P, 

Yaws, 

Intramusculat 0'00«-0*2 grm, gr.). 
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Butarsen. 70A ( Kiiglo). 

r’(tr,^cn<)M<>-l)liC)n/l‘hiifi/nc acid. 

Used ill IrypimoHoinijiHia. 

Camoquinc. Amodiaquln, CAM—AQl, S.N, 10751. 

Malaria. 

Oral, 0-2 gnu. of base as bibydrochloride. Adults 0-C grm., children 0-4 grm., 
under live 0-2 gnu. 

Carbarsone. Amehcrav^ A^nihiarson^ Leucarsonc, 

4 -mrham Inophouilarmn h acid. 

YaavH, Anuebiasis. 

Oral, 0‘2r) grm. (4 gr.) or })cr rectum, 2 grm. (30 gr.). {See p. 513.) 

Carbon Tetrachloride, B.P, Tclmform^ Trlrar/dnnnrthane. 

AacariasiH, Ancylostoraiasia, Cestodiaaia, Trichuriasis. 

Oral, 3 ml. (45 min.). {See p. 808.) 

Gestodin. Nonalodiu. 

jMetalJic liii^ oxide and chloride. 

OcHtodia,sia. 

Oral tableta I, t.d.a. {See p. 817.) 

Chaiilmoo?:^ra Oil B.P. 

Oil (‘xpn'ssed IVom .seeds of lhjd)wcari)us hurzii. 

1 A' prosy. 

Oral, inirad(‘rmal, subeuta,n(‘.(ma or iuiramuacular, 0*3-5 ml. (0-85 min.). {See 
p. 01)5.) 

Oil of Chenopodium, B.P. Oil of American WormseeA. 

(dl diMllled mlh steam from, f re At. flowering and fruiting ‘plants of Olienopodium 
(vmbrosioides ear. anlhelminlictem. Contains 05% IF/O’ of ascariodoU. 
Asi'ariasis, ^I’rieburiasia, Ancylo.stomiaais. 

Oral, 0*2*’ 1 ml, (3-17 min). '{See pp, 807, 817.) 

Chiniofon B.P, Amiijodln^ Ihjsentulin^ Qniniosulphan, Quinoxyl, Yatren. 

Sodi'iun-1 4odo-i^-hyd,roxy-(j n4noHnc-6-snlphonate. 

Anuebiasi.s, Bacillary Dysmitcry. 

Oral, O'OO-O’O grm. {l-lh gr.). Per rectum, retention enernata 2.1-3% solution. 
1-5 grm. (15-45 gr.). ‘'{See p. 511.) 

Chloronaycetin. Chloramphenicol. 

Aid ibiotic isolated from St.rcptomyc.es venczuelae isolated from soil. 

M'yphiifl fevera, especially Mite typhus. Typhoid, Bartonollosis. 

Inlj'amusmilar or intravenous injections 1-5 grm. daily. {See pp. 231-240.) 
Oral, capsules 250 ingm., three times daily for 0 days. 

Chloroquinc. ylm/e//, Re,sochin,’ Nivaquine B, Tanahm, S.N, 7618, 3377 JS.P., 
Chloroguin A.C. (Winthrop-Stearne). 

Malaria and He])atie Amoebiasis. Hymenolepis nana, Trichuris tricJduraf 
Balantidiasis. {See p. 87.) 

Oral, or injection. 

Suiiprcusivo. 0*3 gramme once a week. 

Ourative. First day 3 doses each 0-3 gramme followed by one dose of 0*3 gramme 
daily for 3 days. Powerful schizonticicle. 8idc-eil^cts, pruritis of hands. 
{See p, 87.) 

Cinchona* Cinchona Febrifuge. 

Mixed cinchona alkaloids in varying proportions. 

Malaria. 

Oral, 0- 00-0* 6 grm. (I-IO gr.) two or throe times daily. 

Used as a substitute for quinine. (See p. 83.) 
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Compound 6257 

Coil lion imnliu'l of {iulp/inthiazok ami fonmhh'lufdc. 

Cholera. 

Oral, r» Total <loHaj^^e :i8 grm. Jl(‘ctal julmiuisirafcioii a<lvust*(l, (*SVe p. 4(50.) 


Crystal Violet B.P. Ocniiaii ViolcK Mclhuhromnilinc, 

Hcxamcthyl pararosa n Hi lie hydrochloride, 

Oxyiiruiflia, CoKtoiliaHis {Jlymcnolcpia nana)^ ClonoreliiaMiH. 

Oral, 18 mgm. per kilo lor 10-20 diiys. 'rotnl (loHag(^ in clonorehiaHiH 02 grm.; 
in oxyuriaHW 0‘5 grm. t.d.H. for 7 days. {Sec pp. 700, 817.) 

Daraprim . J)/ri mclhimi tie, jM aloddo ( Kr.) 

5 {'2)-chlorophcnyl)-2 : i^-diamiiitiAi-dJiylpyriimditic. 

Malaria,, eHi)ecia,lly honign t,ortia.n. 

Oral, 10-20 rngm. or mon^ daily ; 5 mgm. daily HupproSBanfc. 

DDT (dichlor-diplaaiyl-tricldorolhano) inaecUoido. (>SV.<i pp. 80l-vSOO.) 


Diamino - diphenyl- sulphonc . 

DAV, or DAP PH. 

hoproHy, Mycotorna. 

Oral, tableta 100 nigiti. twie(^ weekly, {t^cc p. 51)2.) 

Diasonc. Promnmk, 

4 : Adianiiiiodiphcjiyl fialpho'tw disodiuniformaldehydc. mlphoxyfafr. Peri entire of 
dianiinod IphmyJ .v n I phone, 

Loprowy, I'nljcrouloaiH. 

Oral or intravoiiouH. Daily dosea up to 2 grammc'H. (Her p, 505.) 


Dlmercaprol. B.P. Hynonynh /i.4 7) (Rritiah AnUlowiailn). 

Indicated in nu4alli<', intoxieation <luo to Invivy mi'talH; gold, a,rH<‘nie, inennny, 
antimony and luHmuUi. CompomidH <4Teetive agaiuHt' trypanoHoauw and 
Hpin)elm)lea are divided into two groups according uh t») wludln'r or not they 
are inhibited by BAh. "irhoHe whioh are inlulnttal are tnetal'-t'.ontaining 
cK)mpoundH, but this property is not (nxoreiwnl in respeud. of anti-baeterial 
action. BAL iubibiiion of toxicity towards tlu^ parasites <kH^H not deptuid 
xipoTX the Hamo mechanism aa BAl'i inhibition of toxic^ity towards boat. 
Doaage. J, sailed in ampouk^a containing 100 mgm. of aetiv<^ HubataiKK^. The 
following dosage by intraniuacnlar injection inlo the glutei ; lat day, lOo mgm. 
4 times at 4-h(jurly intervala; 2nd, 5r<l and 4th daya, 100 mgm. morning and 
evening; 6th ami dth daya, 100 mgm, daily. 

Diodoquiu. 

JOiiod>ohydroxyquinoUne, Dihahqnin, ISmbeqmn, Hnvorquin, 

Contains 63 '9% iodine. 

Chronic Amcobiaais. 

Oral, tablets 0*26 or 0*3 grm. (4 gr.), 3-10 daily for 10 daya, eapeoially for atcriliKiag 
cyst oarrior oaaoa. (Hce p. 513,) 

Diphenan B.P. Putolan, Ossylan, 
p-henzylphenykarbamate. 

OKyuriasis, 

Oral, 0'6 grm. (7J gr.) three times daily, 

,* Dithranol B.P, Anthralint Anthrarohin, OignoUn^ Derolin. 

1 1 Z^dihydToooyanthmnol, 

Oriental sore, llingworm skin affections. 

As an ointment, 0'26-3%. (See p. 676.) 
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Egressin. N 4,^(>amylcarbnmiyiic acid-d-methyl-^-isopropyl-e^ter. 

Oxyurifinis, Asoariaais. 

Oral, for chiltlron, in ices. Three doses of 1 grm. children : 2 grm. adults. 


Emetine and Bismuth Iodide B.P., E,BJ, 

Biftmidh iodide of emetine, 

Ainoebiaaia. 

Oral, 0 1 2-0*2 grm. (2-3 gr.). Total 20-30 gr. 

In gelatin capsules for chronic intestinal amcehiasis. (See p. 510.) 

Emetine Hydrochloride B.P. 

(Bmetol is a solution of emetine base in olive oil). 

Ain(xd)iaaiH. 

kSuheutani^ous or intramuscular, 0*06 grm. (I gr.), usually given in daily doses. 
Total 0-12 gr. Has powerful effect on acute symptoms, but does not cure 
the chronic infection or prevent “ carriers.” 

Emetine Periodide B.P., E.P.I. 

' Periodide of emetine. 

Amoobiasis. 

Oral, 0'2-0*(> grm. (2-6 gr.). For chronic amcebiasis. Less toxic than E.B.l. 
(See p. 511.) 

Eparseno, 

JHo.ry- d mm ido-rnmnohenzol, 

I x^ishmaniasis, Rapundia. 

intramuscular, 0*12-0*2r) grm. ; 30-20 injections at intervals of three days. 


Etharsanol. 

Sod i urn 4 •p4rydroxyct7iyhnvmophmyJmon(U^^ 
Trypanosomiasia (T. gamhiense). 

Intravenous, 2 grm. (30 gr.). (See p. 127.) 


Ethyl Esters of Hydnocarpus Oil B.P. Antileprol, Ghmhnestrol, Uydneslryle, 
MooyroL 

A 7 uixtur(>, of the ethyl esters of th-c unsaturated fatty acids (chiefly chauhnoogric and 
hydnocarpic acids) of hydnocarpus oil. 


Leprosy. 

Jtitradormal, subcutaneous or intramuscular, 2-5 


ml. (34-'85 min.). 


(See p. 6:6.) 


Folic Acid. Pteroylglutamic acid, 

kSynthctic. product rosorabling LactobaciUus casei factor of liver and yeast 
Pro<lu<'.CH hinmopoiotio response in macrocytic anremia. 

Tro}>ical spi’uc, Nutritional Tropical Macrocytic Ansemia. 

Oral, 5-30 mgra. (See p. 659.) 


Fouadin. (*Vee Stibophon.) 

Fourncau 710, Plasmocidct Rhodoquine, 

(^,methoxy'Muthylamino-n-prophylaminoqmnolene, 

Malaria. 

Oral, as for pamaquin. 

Fumagillln* Antibiotic isolated from Aspergillus fimigatus. 

Amoebic dysentery. Active on cultures of E, histolytica 1 : 10 million. 
Oral, 50-126 mgm. per kg. 


Gammexane. 

Gamma isomer of Benzene hoxachlorid© insecticide. 

Oral, Oxyuriasis (under trial). Ointment, i per^oent. Scabies. 
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Halarsol, 

htfihorhforiilr, 

"^'aws, Ainn'biMsis 

InjraA't'iious aud iiili'a Miiisciilar, 0 2 };rin, (.‘I •ir.). 

Helnitnal. 

A (Irt/ iwlmvt pirpuml fioin a sni ahja, sptru s of Dojvnt'ti. 

AwcariasitS, CV‘st( alia sis. 

Oral, I)- O L*”) (;{- I Pi‘('\ (‘iil-ivo ; of (loiihiCul va,lna. 

Hetrazan (S I L.). lUtnocide^ Notc-ziuc., JVrlhiflcarhtjuiarJnr.. 

I -(iu'thplcitrbamyJA-nn'Hujl pvprrazinv Iiif<fr<H'/iloi‘i(l<\ /frtrazon cifnttr. 

Kilariasis (II'. hitucroflL IT. pacifint, Loa loa, OHvhoccmi rolnifuK, Mtoh^ouvlla 
ozzardi- aa<l DipcUtloiiond pvrslftufi). I^arva. taifjjrans, yl,srf/rAs lit nihrlroiffv^. 

Oral, 0*5 -2 nij'iu. pc'r ki?. I)()(ly-\V(Mij;lit. ilirt'a tiiiu's daily. 

Hexaminc li.P. Am'niofonH, Fonmimim^ Fornnn, M I'lhnuiuuiita, Mrtr(tmiiu\ Ih'imU 
Vrilonc, Vroti'ophu\ Vvnalruiv. 

Ui\m nivtlijilni v trlriwi i n r. 

Urinary iidtadions [Hart, roll.), UbolonyHl.iti.s 
Oral, (H5-2 j^riu. (10 50 jj(r.). 

Hcxylresorcinol, B.P, (Utprokol. 

I ; '^’dilnjilraxifA-hrxifUH'tizrnr. 

Asdiiriasis, AiKiylnstoiniasis, O.xyuriaHis, 'rriclmrinsis. 

Oral ; also I in 2,000 snlnMon rnctal (‘n<*rua. lor oxyuriasis. Pills of 0 2 
(5 5 daily. [Hrr p. KIO.) 

llohirrhena li.P, Kurr/ii, (hxarlii. 

(UdiluhiH l/ir alkalaiilx ronrx,Hlnr, liolarrfiriihirf Icuir/nrhir iiinI /yitirfiinr. 

AiiKobiarSis. 

Oral. 0*25 (PO jj;i'in. (*1 10 ‘^r.). Pr(‘parsil ion used in India. 

Hydnocarpus Oil B.P. 

Katt^y oil obiaincMl by cold (‘Npr(‘HHion (Voiu WM'ds of Ifi/tlnocarpu^ vdifliliami. 
Leprosy, 

Inlmdcrmal, subcul.ant'ous or iniraniuscular, 2 5 ml. (5-1 85 min.). (AVr j). 505.) 

Injcctio Bismiilli B.P. Hi'itjhirah lilftwoiflnh, 

20% WjV pirripitaird hiiSnuith 0*5% P/l' rrvxol in isotonic d(xtros<' solution. 
Yaws, Syfdiilis. 

Intramuscular or (l<‘cp subcutaneous, 0*5 I ml. (0*1 0-2 ,^nn. Hi.) (S-17 rmiiA. 
(AVr ]). CIS.) 

Injection of Bismuth Salicylate B.P. liisautol, Hismtmn. 

10% suspension of bunvuth sallri/latr. in neutral refpdahlr oil. 

Yaws, Syphilis. 

Deep iiitramuso\ilar or <l(‘ep sub<*utau<‘onH, 2 ml. (IM min.) ( 1 ml. 0 057 urm. Hi). 
(AV6 p, OlH.) 

Isopentaquine. {He.a Pontaepnm^) 

Kaolin Leve B.P. Ll(/ht kaolin. Bolus alba. 

CHioIora. 

Oral, 200 jj;nn, in 400 ml. of water. 

Mist Kaolini d M orphinm. Light kaolin 50 gr., sodi biearh. 10 gr., tinrt. ehloroformi 
ot morphime 10 min., water to J m. 

Kikuth’s Sdt, 386B. 

Arsmo-stihio compound of the saluarsun type. 

Bartonellosis, 

Intravenous, 0*2 grm. (3 gr.). (See p. 218.) 
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Kousso. Cusso. 

KuwfiU’ln, art.irr principle. Dried Jemale jimoers of Brayera anthebnitUica. 
CV'Kliodiasis, T. mginala., in Abyssinia. 

Onil “ Koussoin.” 1-4 grm. (15-(i0 gr.) in divided doses at half-hour interval. 
'I'otal dosage 4-S grm. ((iO-120 gr.) followed by purgative. • ElTeetive if freshly 
j)r(‘pM,red. {Bee p. .S17.) 

Male Fern, B.P. 

Dther (‘.rtracl of dried rhizome and leaf bases of Dryopleris filix mas containing 
25% 117 ir .////(•/:«. 

Cesttxliiisis. 

Oral, tub fOO-00 min.) in gelatin capsules followed by saline aperient. 

{Beep. 815.) 

Mandelic Acid B.P. 

a-hydroxy phcnylacetic acid, ph any Ujly collie acid. 

Urinary infections, especially Baet. ex)li. 

Oral, 2~4 grin. (3()-()0 gr.) daily. Usually necessary to give more than one course. 
Mandclix. 

Dli.rir of ainmonifim mandelafe containing the equivalent of 3 grin. (45 gr.) of 
•niandelie acid in 2 dr. 

Uriiuiry infections, (‘specially Bact. coU. 

3i (3 ‘3 ml.), thre(b times daily for 10 days. 

M apharsidc. MI apharsen. 

3“U in iiioA -hyd roxyphenyl-arsenoxide hydrochloride. 

Malaria, 'rrypanosomiasis, Syphilis, Yaws. 

Intraaa^noiis, 0*05 grm. (J gr.). {Be.e p. 127.) 

Mclarsen. Arsolnd {Bpccia IB'ance), 
d-sodium salt of iriazine arsinic acid. 

^rrypauoHoiniasis {T. ganiMense). 

Ua.rly (‘aiscs cur(ul by 1 dose of 4 mgm. per kg. 

Mclarsen B. 

(loin bination with BAL. {Bee Bimorca-prol.) 

^rrypanoHomiaais. Penetrates O.N.S. 

Mclarsen- oxide. 

Privalent (‘.ompound of Mclarsen. 

Mh’ypaaioHoiniasiH {T. gainbiense), 

IntiamuHcular or intravenous injection of 25 mgm. daily. Oral 150 mgm. 
MSb and MSb„ 

Antimnnial analogues of iMclarsen ami MIelarsen o.cide {Friedheitn). 

Mepacrine hydrochloride B.P. Atabrim, Atebrin, Acriquine, Ohemiochin, Chinnorin, 
(^rinodorUy Brion^ llalchma, Mlalaiicide, Quimicrine, MIetoqnine, fl-chloro-S 
{ ohH ethyla mi n o-a- m elhyb nlylamino) -7 -methoxy acridine dihydrocMoride. 

Mahiria, (liardiasis, ( Vstodiasis, Oriental Sore, Lupus erythematosus. 

Ond, 0'05 0*1 grm. (:l-l J gr.) initial dose as high as 0-2-0*3 grm. {See p, 90.) 

Mopacrlno methane- sulphonate B.P. Alebrin muaonale, Quinacrinc soluble. 
l)im<^than(*Hulj)h(>naic of mepacrine. 

Malaria, Giardiasis. 

lntramus(!ular or subcutaneous, 0’()5-0-l grm. (i-lj gr.). {See p. 90.) 
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Merthiolate. Thiowi'milati' JiJ\ 

Sod iu}ii i'th 111 uh vcurUhio-mlH'ijIuiv. 

Local jippluMtioiu 0 [Svv p. (ISO ) 

Mesulphen H.P. Mll'KjaU Sndvntu> (Contain of siil}>luir). 

2 : {Ulinictfijtll/iiiiuflur.nv. 

Scabies, llinjjfwoiTn of icoi. 

Local application. Made ap in standanl solution. 

Milibis. iLin. 

Bismuth dnirntlrr of oj\tj-p(ira^N’iffj/rol(/l (U\sanihff\ ('on fa in ft IT)*!) I percent. 

arsenic: 41 ‘SI per rruL bistnuth.. 

Amiuhio Dysenlery, 

Oral, table.ts 250 m^ni. Oina' iiinoH daily 7- Hi days. {See. p. bill.) 

MiracilD. Nilodin, Thiomnlhone, Tixantone. Lucan thono hydrochlorido. B.H.H. 
/ 1 yd rochlorid e of 1 - methyl A du 'ta Aielhyl ut mi n trthyl, am in oihioxa n than e. 
Schistosoinijusis. 

Oral, ,*5(Ki iu}^in. al. twelvi' hour intiTvals up (o M days. {See \). 7111 .) 

Myocrisin. 

Sodium anrofhitmadate. 

Relapsing tev(M% Lyinphognmulonia inguinale, (Monorebiasis. 

Deep Hulxnitaneous or intranuisiMdar, O-OI O-O^ grtn. (J \ gr.) ; eontiiUK' with 
U‘l gnu. (I J gr.) at weekly intervals. 

N60£irsphcniin'iiiic B.P. A eoarsaniinoL A Ci^-a rsenolu' nzol u in . Xeoarsen pheHolamine^ 
Nmdiarseiiol, iXemahutrsan {Bhrliek llM), Noramtn, iXorarsemdmnzene, AV;cr;wno- 
benzol, Norarsenobillon, SorostalK Hhodarsan. 

Sodimn ,*1 : :i'-dianiinoA : 4'Ai/eydro.ry arsenobenzene-X-nie/hylene sulpho.ryhte, 
Rela))Hing fever {S. duttom and S. rerurreniis), Rnt-bilt^ fever {S, minus). Yaws, 
Syphilis, Malaria, Kala-amr, 'rrypaunsoiniasiH, 'Propical Rosinophilia. 
Intravenous, O-IT) O’O gnu, (2J' IT) gr.). 

Neocryl. 

Sodiwm siHrinfUiilO’inethylamide-p-armnate. 

Trypanosomiasis, Sy pb il is. 

Intravenous, 1-5 grin. (22 J gr.) (See ]>. 127.) 

Neo-halarsine. 

rsphenoxide. Uirtra te . . 

TrypanosomiaBW, Syphilis, Yaws. 

Intravenous, ()-()0 grm. (IJ gr.). {See Mapharside.) 

Neo-premaline. 

An asaMiation of aidormiHiiui O'lr. gmmmr, rmymiciHmri mmime awl Hhndoanin 
0'0()76 gramme. * 

Malaria. 

Oral. 

Suppressive, two tablets once a w(H^k. 

Neostam. Stibamine ghcoside, Pcntoslam. 

Nitrogen-glucoside. of sodium p-mninophenyUtihmttv, 

Kala^azar, Oriental Sore, Kspundia. 

Intravenous, 0*2 grm. (3 gr.). {Su p. 171.) 
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Ncostibosan. Bmjeir 603i?, voii Heyden 693. 
jyi(Biylamine-p-am'inophcnyUstihi7iate. 

Kala-a/.ar, Oriental sore, Espundia. 

Intravenous or intramuscular, 0*2 grm. (3 gr.). {Bee p. 159.) 

Nicotinic acid B.P. Niacin. 

Pj/i'id { tte-*^‘Carbo.v}iiic acid. 

IV^llagra. 

Oral, tablet 60-250 mgm. daily ; also intravenous. 

Nicotamidum B.P. Nicotinic acidcmiicle Niacinamide. 

PlU'idinp-^-carhoxyUc acidamidc. 

Pellagra. 

Oral, tablet 50-250 mgra. daily. 

Oleoresin of Aspidium. 

(lontains filu'in, 

Oestodiasis. 

Oral, — 3> emulsion. (A'ce p. 815.) 

Paiudrine (4888). Pwtjmtnil, (Jhlorguamhy Diguanih B.P., Gnanatol, Drinupal, 
Pahml, TnanJJhlorigunm, S.N. 12837. 

N y-chiomphmyl- N i-ifiopropylhiguanlde acetate^ lactate, and 7nonohiidrochloride. 
Malaria, all forms. 

Oral, 0-1-0-75 grin. (l.J-12 gr.) daily, 7-10 days. Prophylactic, 0*1 grm. 

Pamaquine, B.P. Beprochin, Plastnochin, Plasmoguine (simplex). Preeguine, 
(Utnivj'ar, Qwipeniil, Aminoqnin (iS-m&thoxy-i^ {4-diethylatnino -I- Methyl- 
h ulyUt in I n ( >) qn in oli ne). 

Malaria. 

Oral, 0*02-0 ‘04 grm. (;\-§ gr.) daily for 7 days. (Bee p. 87.) 

Pamaquine-Compound. PUisimquine-Compound. 

(Quinine sulphate and pamaquin in the proportion of 12*5 to 1. 

Malaria. 

Oral, 0*125 grm. (2 gr.) cpiinino, 0*01 grm. (J gr.) pamaquin. 

Para- amino-benzoic acid. P.A.B.A. 

'ryphuH. 

Oral, 12 grm, 

Pcllctierine tannate, B.P. 

.'1 mixture of tannaUis of the alkaloids obtained froin pomegranate stem and root bark 
(Punka granatiwi), the chief of which are pelletierine and pseudo-pelletierine. 

Oi^stodiasis. 

Oral, 0*1 2-0'5 grm. (2-7i gr.). Used as a substitute for Filix mas. 

Penicillin B.P. 

The sodium potassium or calcium salt from Penicillium 7iotaivm. Procaine 
])enicillin has more lasting effect (0-3-0-6 mega units daily). Penicillin 
aluminium monostearate (P.A.M.) recommended by W.H.O. for Yaws. 
IHcilHn effective for 2 weeks (N,N'*dibonzyll ethylene diamine dipenicillm G.), 
also ikmicillin G. (Neopenil) diethylaminoethyl ester hydriodide. 
Staphylococcal, streptococcal, gonococcal, pneumococcal, and other gram- 
positive infections, and for the treatment of Syphilis, Yaws, Ulcus Tropicum, 
Relapsing Eevors, Leptospirosis and Rat bit fever. 

Intramuscular injection, 1 mega unit twice daily. Calcium salts used by mouth 
and for topical application. 
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Pentamitline isetliionate M. & B- (^1/- ‘f- 

.1 . .[.(h<nHifl)iio-tlip/innKVjf-prn(aHr di-ip-IiiMniArl/iuttc .stiliifionntr). Lomhlhic (AV.) 
/,.s- pri/linintlnK' (IntirJliu itrsnlit/hnHtfc, Jn Mu'ho (utnipounds I ingin. ol’ baso 
oqiiaiM, i'lil in,i 4 in. of i.lu‘ (lihy<lnH-hl<»ri(l(‘ ; 1*71 injAHj. of tluMli-iscdbioiiaio ; 
a, 11(1 I*r>li iiioin. (»r (liiiK't.liana sul|)lu»nat(' (lomidinr). 

Trypiuiosoiiiijisis, Kahi-aiZar, Kspuiulia. 

lnl,rnmuMc;ul:ir, 4 m^Mii. ixa* kv^. luKly-wcijJtht (ILsMolviul iti nil. of water, 
lajeotions can be given (la.ily nr on alteniat.(^ days. A course consists of not 
less tluin VI injeei ions. May aJso b(^ giv(Mi intravenously, but this is 1Ve(pieuily 
Jbllowod by arapid fall in bhiod-pn'ssurc with som(dbn(‘s th(‘ alarming syniptoins 
oJ* colhipse. .For the prophylaxis of trypanosomiasis 175 mgm. ar<^ given at 
si.x months’ intervals. 

Pentaquinc, 8.N. llbii7() 

(() mcUm‘1/-^ {C)-i^^(iprop!/l(^nnno a nii/htniiiin) i/uinnlinv) 

Malaria. , , . , . , i . . . 

Oral. Used in ])laco of Fa,ma.((uin being chuined to be more actual anti less toxic. 
Dosage the same as Paauaipiin. lsop(‘nta(|uino and primatiuinc' are a tso similar. 

Phcnothinzinc. Phnioris. (AVr also Ibsamnox and (^>ni.rav(M•m.) 

Thiodi phnipld niimi. 

Aseariasis, Oxyuriimis, 1 )raeontia.sia. 

Oral, >bS grni. (()l)*l:iO gr.) spaoiMl over •! days. May 1)0 (hingerously toxic in 
ehihlrou. Injc^eted in oily solution in I grin, doses in vicinity of guinea-worm. 

Phthalylsulphiithiazole. Tfmlhlathi, ThaUrjilv. 

Bacillary dysentery, Ulcerative eolil-is, Infantih^ gastrotMitm’itis, Ubronic amadiie, 
(lysiMitery, Fro- and post-optTativ<' use in inti'sl.innl jmd n'clal surgiMy. 

Orai. Avia'age adult dose in barillary dysmdery 5 -1 gra.min<*s (hiily. Much 
higher dosiss used in surgiay. 


Piperazine hydrate, Ankjmi' vH.vh'. 

Oxyuriasis. 

In syrup for ehihlren. 50 75 ing.^kg. p(*r day. gr. daily pm* yiair ol lihx 

Potassium Antimonyltartrute B.IL TtirUtr hUmdiquv. 

Kala-a'/ar, Oriental Sorts lOspundia, Va-ws, lymphogranuloma inguiiiale, Try- 
panosomiasis, Utdapsiiig Fever, Lepra naiotion, SeluMtosomiasis, Kilariasis. 
Intravenous, ()-o;idl'12 gnn. (.1 2 gr.) alternate days, uji to total of 40 gr. 


Premaline. 

An am)daUan uj Moptu'rhiv 0*10 (jmnime, H/unhupun 0*005 (jrttnnnv and Pami(/uin 
0*005 (jrmnmv. 

Malaria, 

Oral. 

Supin’cssive, thn*e tahlots oneis a. w<*ek. 

Primaquine. (A'ce l^intatpuiKs) 

Promin. 

Bodkm p, p-dmMlmHliphvtujl HHlphimv^f^-N-dUU'Xtraav »ulphnmU\ 

Leprosy, Tubereulosis, 

Intravenous, 2 grammes daily gradually inenm'd by I gramme until a maximum 
dosage of 5 grammes is imeluHb ''.riuH is eontimuHl for long periotls if necessary. 

Promizole. 

4 : p/mijl mlpkove. 

Leprosy, Tuborculosis, 

Oral, daily doses up to G grammes. 
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Propamidine. 

4 ; 4^' Dmm/ino-aW’diyhenoxy profane di {B-7iydroxethane svlpJionate). 

T jO i sh m an ia s i a, Kala-azav. 

IntramuMoular, the samo closes as pentamidine and has the same actions. 
Active against va,nous bacteria. Used as oplithalmio solution and as a cream. 

Proparsanol. 

Mo7iosodmni salt of '^--p-arsono-aniUno-^proporioh 
Trypanosomiasis (7’. gamhiense). 

1 ntiravenoiis, 2 grm. (30 gr.). (See p. 127.) 

Ouinidine Sulphate, B.P. 

Cinchona alkaloid iso7naric luitli quinine. 

Malaria. 

Oral, 0’2-0-0 grin. (3-10 gr.). In same dosages as quinine for benign toi-tian. 

Qtiinine Bisulphate, B.P A 

Malaria. 

Oral, ()-0(>“0-0 grm. (I-IO gr.) two to tliree times daily. 

Formula is as for hydrochloride but H 2 SO 4 instead of HCl. Easily soluble in 
water. 

Quinine Dihydrochloridc, B.P. 

Malaria. 

Oral, intravenous and intramuscular, 0-3-0-(> grm. (5-10 gr.) two to three times 
daily. (Sea p. 80.) 

Eormula as for hydrochloride but with two HCl instead of one. 

Quinine Ethyl Carbonate, B.P. Quinine, Euchinine. 

Malaria. 

Oral, O'l-l *0 grm. (U-IS gr.). Tasteless compound almost insoluble. 

Quinine Hydrochloride, B.P. 

Malaria. 

Ural, 0*()6-0-0 grm. (I-IO gr.) t'wo to three times daily. (See p. 82.) 

Quinine Sulphate, B.P. 

Malaria. Night cramps. 

Oral, O'OO-O-O grm. (1-10 gr.) in solution with dil. H 2 SO 4 . (See p. 82.) 

Formula as for hydrochloride but with J H 2 SO 4 instead of HCl. 

Quinine and Urethane, B.P. Injection. 

Sterile aqucmjis solution containing quinine hydrochloride 13-33%, urethane 6-67%. 
Malaria. 

Intravenous or intramuscular, 5 ml. Has been used for painless intramuscular 
injection. (See p. 84.) 

Quiniplex. 

Benign Tertian Malaria. 

Oral, tablets containing 150 ingm. Quinine sulphate, plus 6-5 mgm. pentaquino 
phosphate, (i daily for 14 days or longer prevent relapses. 

Beconnox. Phenothiazine compound, Contraverm. 

Oxyuriasis. 

Oral, tablets 0*2 grm. (see p. 983). 

* Formula ol quinine is (C ; Tnethoxy^-a l5--‘Vinyl--2--iiuinadidyl}A-(juinoline methaiwl. 
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Riboflavin. Vifaiuin. /io, L(tctnjU(rh\^ Vitamu} (L nibolliiviiia. li.P. 
d-nhojlarin: <• : 
iVllngra. 

Onil, ial)h-ius 5 -10 nii'in, daily. 

Rivanol. 

''2-dh(Kri/-i\ : i)~<linniin()(ie.)‘i(lui(' lactatr. 

Amtohiasis, (^lironio h!uiilla.i*y (lyH(‘nt.(‘rv. 

Oral, (M grrn. (l.J Por rivtiuu rotiuition iMuMuata 0’1'Jo, uaiially given in 

1 : 500-1 : :2,000 Holuiion. 

Rubiazol. Ruhiazal iiijcdnhie, 

2 : 4 dianimo i)-CMyho,vf/az<dn'iizvnr 
Fungous inleet-ioo of loot. 

Local a])|)lication, 5% Holution. 

Santonin, B.P. 

i^anionicUt drivd ftn(\r})a)i(lvd mpUidn ttf Arkmidtt marUhua, vnr, anthdniinlivum, 
AHcariaHiH, O.Kyuriasi.s. 

Oral, ()*0(>4)'0:{ gnn. (I -5 gr.). irHiially prtNMoriluul in oornljination with oalotiud 
(;SVr. p. 7UJ).) 

Silver Arsphcnaniine B.I\ dihrr Am'hUu'nzo!^ di/rvr 
Halt af nlliu'r arnphefianufir. 

Syphilis, \'awH. 

Intravenous, 0’ I O’Ogrm. (U 10 gr.). 

Simaruba B.P. 

I Hod root- hark of *S'. (UHum (SimarulwuM'se), Mounlnin nninson." Inrusion 
oC 15 gr. to I ounoo oT boiling walor for 15 minntos. 

Dysontory, l>acillary jmuI annohn^ 

Oral and rootal rt'Uuition cuioinata, I 2grtn. (15 30 gr.). Astring<'nt.. lias hmuj 
UHod in both (Oironio juinobio and baoillary dyHt‘rd«M‘i(‘s. 

Sobita (Ifowards). 

iSodimu himMh tartrak. 

Yaws, (a5/<3c p. (UK.) 

Jntmmuacular, 0-2 grm. in Hointinn 2 ml. 

Sodium Antlmonyltartratc B.P, 

Mium Antmomj Tartrate, 

SohistofloiniasiH, Kala-a/.a-r, Oriental Sore. 
intravoriouH, 0-0:i 0-12 gnn, (J 2 gr.). {dev p. 712.) 

Sodium thiacetamide. -1 mam mide, 

j?-p(^w-(ca?'/)r}a’2/-7«(!//ryZ-'//?.rirra///o)(^n‘fm(>) bauzamide. 

Filariasis. W. parificu. 

Intravenous, in 2 per cetit. solut.ion, ,1 mgm. p(u’ kg. daily for 15 days, {dee p. 71)0.) 
Solganal B. 

A%rothio(jlumc,. 

Kolapsing fever, l..ymphogranuU)ma inguinalo, (ihujorehiaHi.s. 

Intravenous or intramuscular, 0*l~0‘4 gnu. (IJ 0 gr.). 

Soiuseptaslne. M, <fc fi, 137. 

l)i9odium^p-(y-plimylpnypykmino)Atemzenimdjdimimmdvm^yaimHl^^^^^ 

Filarial lymphangitis. 

Intramuscular injection, 10 ml. of 5% HoJution. Nnruber of iniectionH uu- 
oertain. 
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Solustibosan. Sdt. 561. Slihatin, Stibanose. Sodium antimony gluconate, Pentostam. 
A peniavalent antimony compound of hexonic acid. 

Kala-azar, Oriental Sore* Espundia. 

InlravenouR or intramuscular, 6 ml. containing 2% antimony , (0- 126 grm.). 
A course of 10 daily injections ; well tolerated. (See p. 160.) 

Soluthiazole. 

Disodiuni-2{p~{Y-'P^^^>^y^P>'opylamino)benzenesulphonamide)thiazole a : y disulphon- 
ate. 

Eor Parenteral sulphonamide therapy by intravenous or intramuscular injection. 
A 45 per cent, solution corresponding to 20 per cent, of sulphathiazole and in 
adults intravenous doses of up to 5 grammes of sulphathiazole (25 ml. of 
Soluthiazole solution) may be given. In less acutely ill patients two injections 
of 5 ml. separated by 4 hours have been found to give good results. 

Solvochin. 

A 25% water soluble basic quinine preparation for intramuscular injection with 
pH adapted to reaction of tissues ; dissolved in phenazone. 

Malaria. 

Intramuscular, 2-2 ml. twice daily for 4 days. Each ampoule contains 0-5 grm. 
(7i Ri*.) quinine. Causes little local reaction. {See p. 84.) 

Sontochin. S.N. 6011, 3038 72. A, Sontoquine, SaMoquine. 

{I’CMoroA {4^’diethylamvno-l 7}iethylbutylam>ino)-3-methylquimline) dmilphate and 
monohydrate salts. 

Malaria. 

Dosage and action the same as chloroquino. 

Stabilarsan. 

Arsphenamine diglucoside. 

Yaws, Syphilis, 

IntravcMious, 0-3 grm. (5 gr.). 

Stibamine. 

Sodium p~aminophenylsl ihin ate. 

ICala-azar. 

Intravenous, 01“0*2 grm. (^-3 gr.) ; total dose, 6-10 grm. On alternate days. 


Stibophen B.P. Pouadin, Neoantimosan, Reprodal, Fantorin, 

Sodium-anthnony-bispyrocaiechol 3 : S^sodiumdisvlphonate. Contains 13- 5 per cent, 
antimony in trivalent form. 

S<ihisto8omiasis, Lymphogranuloma inguinale, Leishmaniasis, XJndulant fever, 
Eilariasis. 

Intravenous and intramuscular, 0*1~0'3 grm. (li-5 gr.) in 7% solution, 1*5 ml., 
3*5 ml., 5 ml. on consecutive days. Then 5 ml. on alternate days. Total 
40 ml. (A^eep. 716.) 

Stibosan, Von Ileyden 471. 

Sodium-m-chlor-p-acetylaminophenylstibinate. 

Kala-azar, Eat-bite fever. 

Intravenous or intramuscular* 0*2 grm. (3 gr.). Total dose 6-10 grm. On 
alternate days. {See p. 169.) 
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StUbamitiinc, Diiiinino-stilbene. .17. />‘.7M, Dianuilino^r'^tilhrnv. 

4 ’4' ({i(fiiniin(o-<^lilh(‘U('. 

Used \\\ (.h(‘ I'onii t*l‘ flir /?-hy<l!‘ox,Y<dliaiU‘MijlplH»na.l.(‘. 

Kiila-azur. 

Inl.nu'cuoiis, Imiian fcalit-arjir ; OdM, <)*()7r>, O-M, 0*ir> ^nn. sin^Io 

(•(Uit'S<‘ of 10 IT) daily injirt.mnM. ( ’InldnMi : inifijil <1(>S(‘ of O-OIT) j^rin. Siulun 
htUt-amr\ l-o lo 0-5 prr Ki^. . KifOa'ii daily inji'dioiiH 

scparaiod l)y 7-d<'vv iidiTxalH. 'rolal dosajj;a : ;{ 4 -SS (Kor ('om|)li(‘iu 

iiaiiH ,svv‘ p. 101.) 


Streptomycin. DihijdrostrvpUmuji'iu, 

An antildotic IVotn Avfinomfjt'vs tjyisrns^ (ddclly (‘mplny(‘d an t,Ini H\ilpliat(‘. 

jMeso~\’‘A-<li(Ht(mulin(h2, ■!, 0 (t'dmhifdnKvy-i in'Umixunt' (jf ncosidr, a/‘ a 

Atd.iv(' almost enlindy Ji^ainsl. ^ram n<‘^a(ivo orj^atiisnis, ludiijn both baidt'rio- 
siatio and hactia’U'idal. 

“Q rov(M\'’ lMaj;u<s M’ldanomia, lU<M'ratin.u (Iranuloma of' Pudonda, lijicillmy 
1 lyHinilcry'. /7af7. ra// inbad ions. 
liH-ra.muH(mlarr in Holntion 0-.5 j^rm. Iwico <laily. 

Oral, in cacludiH, *1 j^rm. daily Idr 7 daya for in(<'wtinal infoaltons. 


Succiuyl Sulphathiaxole li.P, Aafp/aasw/.j‘/W/aa, fWAs/aZ/a. 

2‘{p-t^KVci)ii/l-<nnin(i hrnz('n(\sulplKinnniid(^) Ihiaztth'. 
bacillary dyH(MiU^ri(‘,s, Ubu'ral.ivc oolit.i.s. 

Oral, 10 M ^rni. (150 210 ^r.). Initial doH(‘ 4 jjjrin. followad l>y mainfanaiuv' 
doH(‘ of 2 ^i;rtn. *1 tiiiu's daily. Total arnonnlM vary from 27 5 120 llaily 

in six do.stss for 10 17 days (1012). .AnnTicau worlvors ad\ocaf(' lar/^a' do.s(‘s : 
0*25 ji'rni. p(M' kilo body \v<Mji'lit, Ibllowod by daily niaintcnanct' tloM^ oraniat* 
Hirengtb. 

Sulphadiazino B.P. 

2 - ( p-a mi ft ohv u zv ph o nmu i do)- pi/ri tn i di o r , 

PiUMnuonia, Malaria. lOajj^ue, li’ilaria.siH, bympbu^ranulom.M inyuinala. MoliodoNis. 
Oral, 1-4 Kian. (15 00 j^r.) ; initial doHo *1 gnu. followrd by 1 grm. avory four 
lumrs. Tiic Icaint toxin ni<‘inlu‘r of tlu‘ group. 

Sulphudimidinc B.P. iS ul phndi oodlijil pprhn idinv, Std phann'zotlihux 
2 “ ('4-itmmohmzmxind ph o n.ijUatti i ooA : i)-di tn vihpl ppri tn iditio), 
biuaimonia, Banillary dysind orb's, Ulcorat.ivc' oolitK 
Oral, S'lO gnu, (120- 150 gr.). Daily for 5 7 days. 

Sulpha^ uaniclinc B.P , p-nttntutht'nznmtdphotttjhjmtnidtnv ttionohpdrotv. 

Bacillary <lyH(*nU‘rb*H. 

Oral, 5-2() gnn. (7r)":J00 gr.). Opinions vary tm optimum doHag(‘. Many coti- 
sidcr doHag<\s ad vocal, (^d too large, (A'rr p. 488.) 

Sulphamcrazinc. HulphdmeUiylppnmMttir, 

For Ryatomio Hulphonatnide therapy, fUwL cali inbud iouH. 

Oral. For acute infections in adults, :b 4 grainnu's followed by 1 *0 gramme t'very 
8 hourfl. This should be contimied tmtil obvious elinind rt'Hpoiiw'. h'<Ir 
children from Il-lO years, 1 -5 gramme followed by I *0 gmmm<' <n'<‘ry 12 liours ; 
6 months to 3 years, Id) gramme followed by 1)4 gramme iwiTy 12 hours; 
under tt menths, O'C gramme followed by 0*25’gramTne t'vt'ry 12 hours. Tlu'se 
doses may be inoreaBed in Hoverely ill patients up to 50 per vmi. 
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Sulphanilamide B.P. Amhesid, Colaulanijde^ Lysococainc, Prontosil Album, 
Pronfylin, RnhiazoUA, Slramid, Streptocide, iSiilJdmidyL 
p-am'niohanzendsnlphon ainide. 

IMalaria, Undiilant fevers, Streptococcal infections. Meningococcal meningitis. 
Locally for wounds. 

( )ral, ()-r>-l grin. (8- 15 gr.) 6-8 grm. daily for courses of 5-7 days. Not so effective 
as and more toxic than siilpliathiazole and sulphadiazine. 

Sulphapyridinc. J)(tgena)i (J/. <6 B. 693), Eubasinum, Sulphidine. 

''l-{p-iimvnohcu ze ncsii lplionamido)-pyridine. 

Lymphogranuloma inguinale, Madura foot, Bubonic plague, Streptococcal in- 
fections, Pneumonia, Gonorrhoea, Cerebrospinal meningitis. 

Oral, 0-5-i2 grm. (7^-30 gr.) followed by 1 grm. 4-hourly for 2 days. Then 1 grm. 
6" hourly for 2 days. 

Sulphapyridine soluble. Dagenan-sodium (3/. db B. 693 soluble). 

J\I ouo-hydratfd sodiuiu salt of sulphapyridinc. 

Kihiriasis, i..ymphograauloma inguinale, and other infections as above. 
Intramuscular or intravenous, 0 06 grm. per kg. body \vt. 2-4 grm. (30—00 gr.). 
Number of injections uncertain. 

Sulpharsphenamine B.P. Kharsidphan, Metarsenobillon-M.A.B., Myosalvarsan, 
B n If ft rsc >iol, B idpharse nohe nzenc, Bnlphostab. 

JJlsodiumA ) : 'y-diaminoA : -dikydroxyarsenobenzene-N : N' -dimethylene sulphate. 
Itelajising fever, Yaws, Syphilis, Trypanosomiasis. 

Intramuscuhir or deep subcutaneous, 0*l-0*6 grm. (lJ-10 gr.). 

Sulphathiazole B.P. Ciha 3714, Thiazamide (M. <&: B. 760). 

2- ( t)-(in\BiohenZ(m.mlpkonm>iido) -thiazole. 

Lniunnonia, Malaria, Plague, Pilariasis, Lymphogranuloma inguinale. 

Oral, 2 grm. (30 gr.) initially ; 1 grm. every 4 hours. 

Sulphatriad. 

Ail association of sulphathiazole 0*37 grm., sulphadiazine O’^l grm. and sulpha- 
merazine 0-20 grm. per grm. for systemic sulphonamide therapy with reduced risk 
of crystallaria. 

Oral. As for other active sulphonamides. 

Sulphctrone. 

Tetrasodiu >y/,-4-4 ^-y-phenylpropyl-amino-diphenyl sulphoue telra-sulphone. 

Leiirosy, Tuberculosis. 

Oral, ()-l) grm. daily with an initial dose of 1-5 grm. daily and graduallv increased, 
{Bev. p. 502.) 

Sulphonc Cilag, 

M oiio-acetyl-ester of D.D.B. 

Leprosy. •(/S'ce p. 593.) 

Sulphoxyl- Salvarsan , 

Bodium-dianiino-arseno-antipyrine-mono-N-imthykiie-S'ulphoxylate. 

Relapsing fever. 

Intramuscular or deep subcutaneous, 0-3-0 -6 grm. (6-10 gr.). {Bee p. 192.) 

Teropterin. 

Pteroyltriglutamic acid. 

Sprue (see p. 550). 

29 
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Terraniycio . ( iftdt ari/cUiic, 

All Hill H! isolat'i'd Ironi culliu'cs (A' utnosii.'i. 

AMia)l)iii.sis, TvpIniH l^\'!VorH, Salmonella infections. Uticf. coli inleefions. Oxyuriasis, 
l^jilanlidiasis. Ulcus Trojiieum, Yaws. 

li ^in. (la,il\ liy inouMi in divided dosi's, or 0*5“1 gni. daily ini.ravonously in divided 
doses, 'rM,l>l(d.s of 0‘li5 grm. each. 

Tetrachlorclhylciie, B.P. 

Elhuk n e fetrach Ion dc, 

Aneylosionuasis, Oxyuriasis, Ihfiuvuolopis nana. 

Oral, :J ml. (51 min.). {Ew p. 80!).) 

4'etraethyliuriim monosulphide. 

Trtmosnl forSeiihuvs. When combiiuMl with soap in 5 to JO jier eiad . dihilioii, it 
reta,ins its saanaiptieidal j)ro[»erti(“s (Oordon cl ttl. 1!)M). 

Thiiicelazone. Thioporami zone. 

}i-ccljfl<iinh}()bcnz<ifdcht/dc IhioscnilatHutzonc. 

Tuhereulosis and leprosy. 

I n-mgni. tahhd- daily, gradually imarased to or •! ta,!>lef.s daily. 

Thio-bismol. 

i?iodimn> miU of hiNmnth Ihunjlt/colUc and. 

Henign Tertian .Malaria. 

Tiitramuseular injee.tion 0*2 grm. {See p. Oil.) 

Thymol, B.P. 

It-'/// vlhf^lA )- ifio pro pi/ 1 phr nol. 

Ane.ylostoinia.sis. 

Oral, It 1 grin. (-15-00 gr.). Not niueh usial. 

Totaquina, B.P. Eanc/una, (diindo. 

Mixture of chie/iona alknloidu contain imj not fenn than 70‘*,\ eri/nta/Usahle idhiloid.i 
of which not lenu than one-Jtfih in quinine. 

Type. I, Q.uinin(\ cinchonine^ cinchonidinet no qninidinc. 

Type, II. QuininCt quinidiia\ cinchonine., cinehonidine. 

For eomiiosition as givmi by Ohopra ne.e p, 8lt. 

Malaria.. 

Oral 0'0d-0‘() grm. (LIO gr.) two to tlina* times daily for in<li‘tiiiit<‘ [iiu'iods. 

Treparsol . h'onni/phenamne. 

Sodium for myUwavnii no^p-oxijphen ylarnouate. 

8yj)hi!iH, AnuxibuiHis. 

Oral, 0*25 gnu. (4 gr.). 

Trichlorethylenc, B.P. (Udorylen, Wesirasoi 
Anoylostomiasis, Oxy u riasis. 

2-3 ml (34-51 min.). (See p. HOD.) 

Triostam. 

Sodium antiniomjl (jlueonate., 

Trypanoflomiasis: — 8(diiHtoHomia8iH, hmnutohium ami N, mannonl. Six per cent, 
solution. Intravenous 15-20 ingin. per kg. Six-day tfourso. Adult man 
CO kg., dosage 200 nxgm. for C days. Oral, enterio-eoat(‘d talilets. 

Trivalent sodium antimony gluconate. /SM 0 . 

Schistosomiasis. 

Intravenous, 180 mgm. for 6 days, fctohition must not bo boated. 
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1 ryparsamide B.P. Tryparsone, Tryponarsyl, Trypotan, Novatoxyl, Glyphenarsme. 
Sodtum-N-pUnylglycinuimide-p-arson^^ Acetyl-p-amino-o-oxy phenyl armiic acid. 
Trypanosomiasis {T. gambiense and T. rhodesiense), NeurosypJiilis 
Intravenous or intramuscular, 1-2 grm. (15-30 gr.). (See p.' 126.) 

Urea Stibamine. Stihurea. 

A cofiihination of uvea o,7id p-aininophenylstihinic acid.. 

Kala-azar. 

intravenoiLs or intramuscular, 0-2 grm. (3 gr.). {See p. 160.) 


Violorni . 1C )itaro vioform,. 

1 odocMcyrhydroxyq winoUne . 

Chronic A nuc I liasis. 

1 O ’ subsequently smaller amounts. 

iVlucli used in India and m America. {See p. 513.) 


Vitamin B 12. Ihtevan, Cytarneii, Distivit, N ormocylm. 

Nutritional macrocytic anamiia, Tropical Sprue and Macro- 
cytic nnauma ot pregnancy. r i- 

.Intramuscular injection 50 /x mgm. 
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SECTION A. MEDICAL ZOOLOGY 
1. Medical Protozoology 

IM-ASM()I)m);l';. (Malam, I'anwilca.) 

Tlio iuiiiiIkm' known s|)(‘(■i(^^ of plasinodium in man a.nd animals is aJ)()ut. I2(). 
^\)nr s|)(H‘i<‘H (HH‘ur in man : Pla.'imodiuni rirn.w /'. aralr (p. SSO), l\ ^tialante 
()). SSS) anti I\ falrip<trnfn{\). SUO). (’lostdy nllitsl or^Mnisins havt^ Ix'tMi found in 
apt'S a,n<l nnmla'ys. l\ pithtri in t.h(‘ onuij^ outanij; somtnvhat 

n‘S(mil)l<‘s /^ malaria'. Ilvpatocjistift korli I iiwd nvcnr \n (^crropilhcrim. 

P. I'Kawhmi, whit'll is a, (‘omnumsaJ in Mantra ints, Kni Monkt^y,’' pro(lm‘(‘na 
faia,I inft't'liion in J)!) pt'i* nMit. wlitm ino(‘ula.t('d int.o Marttnt malatfa. P. kuttaim 
protlufos St'ln'innt'r’s dots likt^ P. riruA'. P, rijuomoUji, alst> a, panisilt^ of Mavam 
inm, clost'ly ivstmiblt's l\ virar. P, rrir/traatri, which rt'stMiibh's P. /(driparum 
and pi'odun's crt'sctmts, has Ihhui tlistxivt'rtxl in t.ht* t'liinipan/AX' and ^'orilla. 

Tho only instanct's ol" huimui malaria, ht'in^ Ifranslornal to ol.hta* maamnnlH 
am thost' of d’alialhrro who produced tiuiisimii. inr(a'tit>n with P, falriparnm in 
tint rtxl howh'r-monkt'y {Mmatta .srainthis) in South Amtu'it'a, ; while Itodhain 
siu‘.nx‘d(‘d in inldtiin^ tht' t'liimpan/.ft* with P, rira.r hy intravcnoiis inoculatinn 
with 1() ml. of dt'librinaled blood, 'ria* (‘rylhrocvtic forms can niaintain thein- 
Ht‘lvoH for a, lew utx'ks. P. srliart:i, Uu^ natural parasiln of i.lu' chinipa.n/.ta^ is 
easily pamal from aaiiimd to animal and is morpholo;j;'ically idtuiticaJ with 
P. rira.\\ 

'riu^ lthiro[)ean mostpiilo, Aiiophrln't maruliprauii'< alraparrufi, is an eHieitMit 
ea.iTi(Tof /^ rifHomahji, and, altJump;!! monk(‘ys havt^ luam succt^ssfully inleeUxl hy 
the bittss of tht'st' mostjuiiot's, tlu' sanu* hatch of insects failed to produce the 
tlisease in man. Somt^ sueetsssful intieulations of man with ctn'tiiin sjxxiies of 
monkey parasites ha, vt* btxm rt'conhMl. Knowh'sand Dastlnpta, followtal by other 
workers, hav<*, on many otreasions inleeted man with IK knairlm, but by tlinxit 
blood inoculations tmly. P. (/omlrrl and P. iutti havt^ also ixaai iiasstal to man. 

'rheso experiments, thouj'h few in number and ndatin^ to only tlirtu' sp(X‘i(‘H of 
monkey parasit(\ [irovith* seituitilie twhltmet' tlm.t at haist. Hom(‘ sptn-ii's of parasites 
lielongin^^ to the io\V(‘r monkeys ar<^ aide to produce inleetion in rmui, at h^ast 
under artitieial eonditions, 

A mimlKM* of niahiria.-lik(‘ para-sites have nuxmtiy Ixurn df'serilaxl I'rotu rodiuits. 
Of tlu'Se the most important are JK hmyiirl from t-lu^ tnx* rat, Pnamtips Jarlcmi. 
of the Belgian Oongo a, ml IK rinrkri, Bodhain, from Thawatmwp ,slir((a>^lo.ri 
The inse<t- vector in bot.h is AnophrUm diinmiK 'fhe iiihution is ('a.sily passixl 
to raks, mice and to t,lm cotton ral. hi tlu'st^ {ininuds it i!a,us<‘s heavy 
parasitemia and d(*ath from the <‘l(‘venth to liltetuitb days. Liviu* and 
spleen are greatly imlargixl a, ml, like IK mrm\ iaftattui nxl eorpuseh^s are 
grossly enlarg(‘d. Field and Mdesoii havt‘ di^serilnxl IlrpatunjHpH vamdi 
mdaymm in four speei(^s of sciuirrid ((UdUmduriw) in Malaya, wliilst nuxmtiy 
IK bfodmi has bwai cJestirilxxi from tlu^ African (d(‘])Iiant slnvw, IClrphatdiduit 
rufemms dundam. Birds have a nundxu’ of inalaria-liki^ para, sit, (^s, otlau's 
have been recorded in bats and wjuirrols, ami <*.ven limrds. IK relirpmi and 
jP. catheMmum are prosemt in sparrows and othm’ birds. IK loph urm, a parasit,o of 
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Pekin clucks, has been much employed for chemotherapeutic studies. Elongated 
schizonts and gainetocytes rather resembling P. falciparum are found in P. circivm- 
Jlfximi. Avian intraeorpusclar parasites are transmitted by culicine mosquitoes, 
as a rule, but also by anopheles. In the avian red blood corpuscle Plasmodium 
clis]ilaces tlic cell nucleus, thus differing from Hcemoprofms, a common blood 
paansite of l-ropical finches, which is transmitted by a hippoboscid fly, Lynchia 
m-aum. An interc'sting side-light on the development of plasmodiidse in the 
vortobraic^ host has been shed by the discovery of a plasmodium of fowls, Plas- 
modlim, yallinarcum, which produces pigmentless schizonts in the endothelial 
t‘(^lls ol‘ (‘apillaries of the brain, kidney, lung, liver, heart and bone-marrow, 
constiitutiing trhe (^xoerythrocyijic (E.E.) cycle, and similar stages have been found 
in P. domjatuin, P. relict urn ^ P. cathemerimii of the canary, and in P. lophnrce 
of fhc du(^k. 

This is t.he result of siiulios in tissno-culfcure by Hriwkinpf and in chicks inoculated with sporozoites of 
I\ (/(flliiinrrinn li'oin the salivary glands of Ai‘d.es (cgypti, which transmits this parasite. Tlioy arc 
III I, ho intercellular spaces, but soon become oval or spheroidal parasites in the macrophage 
I’clls, and tho inaturo scliizonts make their appearance from the thirty-sixth to the forty-eighth hour, 
W'licii liberated i hcty outer ()th(*r macrophages and wander widely. The second generation are known as 
the nietacryptozoiLcs. some of wliieh enter erytliroc 3 d.e?. iitor the second generation all organs become 
infei'tod. About tlie fifiili day a tyiie of scluzont appears which gives rise to large numbers of small 
iiiK'ronierozoiioH in contrast io the earlier geuoration with smaller numbers of macro-raerozoites (Hull 
and (Joulstoii, 111 10). 

This cycle was found for the first time in the endothelial cell in a mammal (bat) 
by Mer (1047) and shortly afterwards in a cercopithecus monkey (Garnham), 
but those latter parasites belong to a new genus, Hepatocystis, and are now 
known as //. mvrlumu and H. kochl j'cspectively. The E.E. cycle has been 
demonstraiod by Shortt and Garnham in P. cynomolgi, but not, as yet, in 
P, Iniowlcsi, though apigmented cryptoinerozoites have been demonstrated by 
Shortt and Garnham in tho human liver in the case of P. vimx and P. falciparimi. 

Ihginont-producing parasites in the blood cells of certain reptiles are either 
J f (vmoprofeus or Plasmodkm>. 

Benign Tertian. {Plasmodium vivax) 

(PI. IIB, facing p. 36) 

In the early stages tho parasite is ring-shaped, measuring (2-4g) one tliird the 
diameter of the containing corpuscle. 

Tho nucleus is large, situated at the thinnest part of the ring. (It is sometimes 
duplicated to form two dots which represents the original structure broken into 
two fragments). As the ring grows, so tho corpuscle enlarges and Schiiffner’s 
(lots arc formed. At thirty hours, the trophozoite becomes anuDoboid whilst 
hamiozoin is being deposited in the cytoplasm in the form of pigment. The 
(‘xtnidcd psoudopodia explain tho great irregularities in the contour seen in 
unstaiiicd ai) 0 (!imons (Fig. 3, p. 35), but movement ceases directly the parasite has 
attaiiK^d nia.viinum size. Tho nucleus divides in tliirty-six hours ; the parasite 
may now he 10-12^. in size and the host cell twice as big as normal, but the 
vacniole in whicli the nucleus is situated, and which is filled with chromatin, 
b(‘conu‘s smaller as the parasite develops. At 40 hours it is nearly fully matured. 
Sdiiilfner’s dots are cdiroraophilio particles which stain with Romanowsky’s 
stain. At first fine, they soon become (soarse and more prominent and character- 
istic*. of P. vivax and P. ovale. Sometimes the infected red corpuscle is twice 
normal size, and usually the rim surrounding tho parasite has a washed-out 
appc'arafu^e. 

Schizogony. — 'The fully formed schizont is almost round, larger than the 
(Uametor of a normal corpuscle, nearly 9 or lOg in diameter. The nucleus is at 
first fairly large, lying near the periphery, with chromatin diffusely arranged ; 
one or two small vacuoles may he present. Multiplication proceeds by repeated 
division of the nucleus, followed by segmentation of tho protoplasm, tho result 
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of Avliicli is ,4, fi’.-Jilp rr\ -slia[M*(l inasH. 'I'lu' niimhor of nH'rf)::<>ifr,\' t hus foiMuod 
varies iVoiu E ! 2!, I In* avora^<‘ a.lumi» Hi. coiuphdf' cych' tKauipios 

48 hours, hut Hir protH'Ss of active' inult.iplical ion varie's from ti S. ( ^omph'fcd 
Rchizof^u>uy coincides wit h tlic a.p])carancc of j|m)r in t.hc imdaria.l suHjcc't (V\^, 

]>. Ih5.) 

Gamrfof/anff. W'licn s(‘lii'/ojj;oiiy luis procce'diMl for a ccrtiain pe'riod l.lu' youris]; 
irophozoiti's hccoiiu' sexual forrtis {m’ (/(ondori/lr.^). In tlu' irnniat-un' stu-r^e's tlioy 
an' diffuadf fo distinguish from sclii'/out-s of a similar hut soon t hey ca-n Ix' 
n'coi^iiizi'd as sniaJl, solid forms. ( Irowt.h is much slower, thi^ jjja.me'tioryt.c ta.ldn^r 
nca.rly twice' as lon,u^ to mature as a se'hizont. No vacuoh^ dt've'Iops in tiu' cyto- 
()lasm, ; it. is It'ss active', a.nd he'uce' fails to ('Xhihit tJu' manifold chaaijjje's in form 
se'cn in tlu' ^u’owinijj se'hizont.. Pif^nu'ut. is produced in ^reatc'r (juantitie's, luin^^ 
more evenly distrihiiti'd wit hout, clumping. The' macnxjamGoriffr. (or h'tmiK' form) 
is mucli lar;j[('r than t.lu' maiure sehizont, Ix'in^ 12 14 fi in dianu'ter, whilst tho 
wimHjmmltH'iftv (or mah' form) is much smalh'r (Ki.u;. 4, p. I^h). Ot.lu'r (listinju^uiNli- 
in^j; h'aturos in the^ mivrtxjtinirforiffr are' t lu' lartjfe dilTuse' mu'h'us sprefUilinij; aea'oss the 
body in the sha})e of a spindle^ and the' liyaline'i pre>t.oplasm, which stains a 
pinkisli hluei. The' mie-leus of I. he imtrnxjamvtocijh' is small, compai't arod stains 
more dee^ply ; the^ e*vte)pla.sm is ^ratiular, nem-va-ceiolaie'd anel stains iiitt'iise' hhu'. 
As a rule mtvnHjtvmvtucyU'x a.r(' meire* mmu'renis in t.he' hlooei than are^ nnrro- 
gmnrloG/trx. He)t1i af>pt‘ar in the' hloexl in ahe>ut six elays, hut ele> iie)tf rnafure 
for fe)rty-e'i^ht. he)urs; they [>re)hahly alse) eiena'lop in the* heme* marrow. (Mos- 
eiuitex's may he inlee'le'el as e^arly as t.hee se've'uth day. hut- in artili<aally-pre)eiue'e'el 
hle)oel inleed-ion it may he* as e'aiiy as the* femrth elay.) h’or eh'seuipt ion e»f pre*- anel 
exo-erythrexytie' eych's, .svr p. hOO. 

P. vimuv is esapahh^ eif maintaining: itse'lf (afte'r a sin^le^ inlectiem) in the^ hmnaii 
body fora maximum pe'riexl ed’ahe)ut thre'e velars, l>ut it usually elie's oeit seiime'i'. 

Quartan milarur) (IM. IHs fae'imj: p. .’h*>) 

TJiis pM.rasite' hjis a le>e,a.lizt'd and pn.tehy ^e‘e)^ra.phie‘.ai eliHt.rihutie>n. Its chit'f 
ehara(d.eristie‘s are* the' mildae'ss of the* fe'hrile* a,tta.e*kM winch it e^cceisions anel it.s 
ability to prexluoe^ relapses ove'r a long perioil. 'I’lie^ parasite* is me)r<' He>liel than 
othcM’ HpeHims and ])rodue'.e^s (juantitie'sof dark pignuuit. It is, the're'fe )!•(*, the^ pig- 
imnied parnmla. It is usually seuuity in the^ pe*riplx‘ral hlooeh lj)u{i,rl.an has a 
eyede in the pe'Hpheral Idexxl of 72 hours. The ring, or young t rophe>ze)it(\ usually 



Fig, 2I<), Quartan parasite, asexual cycle : stained. 


has a signofc-ring appearauoo, and resemhk's that of I\ vivux, hut is usmilly nie^ro 
solid. Amcjoboid rnovcmiont is feu^blc, ho that tho irregtdar forum fre'epie'ntly seem 
in benign tertian arc not found in quartan intoe.tions. Lat(*r still, wheni fully 
pigmented, arneoboid inovomoiit ccas<xs (Pig. 210), 7’he parasites th(*,n has a sharp 
outline and frequently grows across tho corpuscle, j)rodutiiug a ribbon or band- 
shaped appearance. The nuclcuis is large and tends to be eiougaUxl. 'fho ]ng- 
ment is usually deposited at the periphe^ry of th<^ parasites 
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I'he liost cell is not enlarged, but may contract and become somewhat smaller. 
8eli(ifrner’s dots are not produced, but stippling (Ziemann’s), consisting of small 
and less distinct fine dots and points, can be revealed by special Bomanowsky 
staining. l’'he pigment is dark brown and coarse, and the oscillation of individual 
granidcs less mark d than in P. vivax. 

Srhizogont/. — The fully developed schizont is distinctly smaller than the 
oorrcs[)onding phase of P. vivax, rarely exceeding 6*5p,, and the parasite does not 
oc(‘npy th ‘ whole red cell. Nuclear division commences after the schizont has 
Ikh'u growing for 48 hours and proceeds slowly. The number of merozoites is 
small, from () to \2, symmetrical in arrangement, producing a daisy-head appear- 
anc^o. The individual merozoites are larger than in P. vivax and average l*75g.. 
Tli(‘.se segmenting forms are more frequently seen in the peripheral blood than the 
co]*rcsponding phase of other parasites. 

Oamriogovff , — The growing gametocytes do not assume the band form of the 
growing schizont. 'Jlio young macrogametocyte is heavily pigmented and contains 
a smalhn* ((uantity of chromatin than the schizont of the same size, bub the 
micmjamoiocyte has more chromatin, a band-shaped nucleus, faintly-staining 
protophism and completely fills the corpuscle. It is a curious point that game- 
<.o(‘.yU's of both sexes arc particularly scanty in the blood. On the whole, the 
mierogamctocyto is slightly smaller than the macrogametocyte. The quartan 
parasite lives longer in the peripheral blood than the benign tei’tian, and persists 
ibr six, or (we.n as long as twenty-one years [see. p. 52). According to Shute and 
Mju’yon ibis species is difficult to transmit hy Anopheles maculipennis afroparvtis, 
but J. sfephevsi is a much more efficient carrier. The oocysts differ from those 
of’ otJuu' human apocios of Plasmodimn (Fig. 226). XTp to the sixth day the 
pignuuit is coarse and resembles that of P. falciparum, but after that date a 
marl<(^(l clumping of the pigment is observed. The intrinsic incubation period in 
man of tdu' quartan [)arasite is never less than 20 days (Shute); in moat it is 
l)(‘t.\veen 21-51). It would scorn that the average is 30 days and therefore the 
f issm‘ phase in the liver should be longer than in P. vivax or in P. falciparim. 
Tlu^ Hporozoit(‘s a,ix5 k)nger and broader than those of P. vivax and P. falciparum 
and contain more eliromatin. 

ProM'.rythrocytic and exo-ery throe y tic cycles. — The F.E., or tissue cycle of P. 
malarifc, has not yet boon worked out. Ciarnham worked with P. inui, a parasite 
ol’ Macara irus which resembles P. malarioe very closely and is regarded as the 
a,tiaI()guo of tliat parasite in monkeys. Pre-erythrocytic schizogony was observed 
in iiho liven’ from tlio aovoiith to twelfth days. The earliest stage was 5-5 g in 
d ia-meter with five nuclei : the most mature about 22 g with over 2,000 merozoites. 
Pseudo(!ytomero formation is a prominent feature. As compared to similar 
Hfag(‘H in P. cynomolgi growth is slow. 

OvAij'] TKiRTFAN (Plasmodium ovale), Stephens, 1922 
(PI. IID, facing p, 35) 

1'hiH species was discovered by Stephens in 1922 in a patient from East Africa, 
though previously doscribod in 1914 by Ahmed Emin at Camaran (Red Sea). 
Vorkc and Owem (1930) showed that the morphological features were maintained 
when the ])araHite was transmitted by direct blood inoculation, and later James 
and Shute succeeded in transmitting it through Anopheles maculipennis. It is, 
tluu’ofore, a distinct and constant species. It has a much wider distribution than 
was formerly thought, tlirough Central, West and East Africa to Egypt and 
South Africa, ('fases liave been notified from Turkmenistan, Palestine, Philip- 
pines, Maurif.ius, Egypt, India and Venezuela. 

ovale has several features in common both with P. vivax and P. malarice. 
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It prodii(*<‘S, ini'MU'r, a U'rtiaii periodicity ; Mu'H' is somiMMilMr^cmcMt ol 

tlie liost (vl'l to SO;;, aiul ScliiilfiuM-’s doi.s an* |uvs<«nt. On Mu‘ oOhm- liancl, tlu^ 
parasite more in‘ai*K ivstmihles J*. maUtriiV. It may Ix'si, 1»<‘ (l(‘.seril)etl as iKfifarlan. 
pnnhsih' in <t hrnif/n tertian veil, or a. nuind par;isit<‘ in an oval e<dl, The. pionu'iit 
is not so li('a.\ v als in (luartan. 'IMk* small rin.us lia.v(* no sp(‘cia,l r(*a.tur(\s, but lie 
in red Mood corpuscles, wlneli a,r(* usnally oval with iimhriated mari»inH {luann 
the s|H‘cili(* MJime of tiu* paivisiU*). K-irly stipjdinj^ of red blood (‘orpuseles con- 
tuininn rini-s is a fea^ture of this i)ara.site. IbilbiJirown l()rms ar<^ non-a.iimd)oid ; 
the piiJiiK'nt is ^q-anular and hrownish-hlack. 'the amount of chromaiin and tlu' 
distrihiitioM of pioimuit in a lateral band n‘call the (piartan but, nidila* the latU'r, 
“ hand forms ” an', not so eommon. The mature sehi/.onts do not (juite jill the- 
host c<‘ll. d'lie ma;ximum number of nierozoites ma.y ht‘ iiwelv<‘ ; usually it is 
eight, ajul they aav' (‘nelos<*d in a. d(‘c<douri/.<‘d d(‘g('n(‘ral(‘d eorpusele .with maaiy 
8cduilVner\s dots; oe.ea.sioiuvlly two pa.rasil.(‘s a-n* seen within oiu' <‘ell. 'riie 
(diromatin of tlu‘ uuM’ozoiti's is cnssetMil.ie and may Ixair anci'ssory dots. 'Phe 
elinical e(mrs<^ of the iidecdaon in man is usually mild and l h{‘ pa.rasiU*. tiuids to 
die out after s(‘V(Tal paroxysms. ('Phe maximum is a.hout sc^vam.) t'or this 
reason it is not V(‘ry elVeetivc^ in thera|Mmtie malaria. 'Pin* par(>\ysm of lever 
produced by this paraiHit(* l.aJc(‘s phua* t.owa.rds tlu'! (‘vauting oi* at. uiglit. 

f\ ovale ta.k(‘S long(U‘ than luMiign ter(.ia.n t.o (hnadop in anoplu'h's 15 as 
against 10 da.ys. 'Plu‘ (dia.ra,et(‘r and a.rrang(mu'nt of I.Ik* pignumt. in tlu*. cneyst 
in the stomach wall of tlu^ moseputo is distinetivt^ and t.lu^ sp{)ro'/oit(‘s in t.lu* 
salivary glands arc' distinctly smaller than thos(^ of otluu’ sp(sa<‘s <d’ plasmodinm 
(Kigs. ’210, 22-1). In the Editor’s eXfK‘ri(auH^ /^ orale may p('rsist. in tlu* laxly 
Ibi* two y(‘ars without' manilesling it.S(‘lf, d('spit.e th<‘ laet Ibid' Ihi* pat-umt. may 
luive been tn‘a(.ed for otlun* vari(‘t.i(‘S ofmala-ria.’ 

SuHTi'JKTiAN OK. Mai.kjnant. {l*la/ono(l i (iin J'alei parinn) 

(IM. II A, facing p. X5) 

Synonym. Laverania nmlariiv, A nol.a.hhdtsMtur(' in l lu' idtmtilieat ion oj t-liis 
])arrasit(‘ is its much simdhu* si/.<' j t.lu* rings a.v(‘ra.gi‘ 1 *25 t.o I -5 about. J t.lu^ si/.t^ 
of t.ho eorpiiseh*. Older rings may Ik* indistinguishahh* from t.hose ol oth(*r 
Hp(*(‘i('S in si/.<‘, hut <Mi.rly phase's, owing t.o tlu'ir minute* si/e* anel t he* mirrowmsss 
of ih(^ cytoplasm, ina.y he dinie’idt t.o sea* ( h'ig. 217f0- f be* rings aia* usually sluirp 
a.n(l regular. '^Phe mudt'us is oft-i'ii divid<*d ird.o two, wliiedi may s(*i*v(* to 
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Pig. 217. -livolution of the siibtertlan parasite : asexual cycle. 


distinguish it from similar forms of the benign t(*rtian, Mtdtipk* invasion of the 
corpuscle is often eimountenal and is V(u'y e.luira<'t(*riHti(! ; it is douhth'ss dm^ to 
the prodigious uurnher of parasites prt‘S(‘nt. Anoth(*r eha,ra.td.(*rist.i<‘ of tlu* >a)ung 
subtertian parasite is its Umdemey to apply itself to tlu^ nuirgiii or (*<lge of tlu*. 
corpuscle — usually known as aec-ole ” or ‘‘ a])pli(j»ie ” forms. 'Plu'y may a.ppear 

1 Tlio i)r<3-oryUiro(^;^t.U! stfiKt'S of /^ ovnh' huve lnH*f» UoscHIkmI li.v nsirufjoni (Unl colt'jif.'ucs (liiol) ia 
l’.Ue liver of u voluutm. On IIk* ninth dny the inutnn* K<*lil/oiitH ri'Heinhle IIuim* of mdurhv more 
than thoso of P. vimsc. 
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as short streaks with red nuclear dots, giving them a bacilliform appearance 
(PI. Ill, hieing p. 37) and may be difficult to recognize. Clumping of red blood 
corpuscles is frequently observed in blood-films and is reminiscent of flocculation 
in blood grouping. The parasitized cells are surrounded by non-parasitized 
erythrocytes. 

As development proceeds, the invaded corpuscles are filtered out by the 
capillaries and small arteries of the viscera and bone-marrow. They are specially 





Ffg. 2 18.- -Trophozoites of P. fakiparmn showing Maurer’s clefts in 
erythrocytes, x 1,000. [Microiyhoiograph by Dr. J. Bell.) 

numerous in the spleen and liver. In heavy infections, a few more mature forms 
tnay be seen; very occasionally a fully-segmenting schizont. On rare occasions all 
stages of schizogony may be observed in the peripheral blood, and in these prog- 
nosis is usually grave. The ring forms disappear before pigment is seen. As a rule, 
it is necessary to aspirate splenic blood, puncture the sternum or search the 
viscera (especially the liver or spleen) immediately after death, in order to demon- 
strate the more advanced stages of the parasite (Fig. 217, c, d, e, /). The whole 
(tyc'-lc of schizogony is probably 36 to 48 hours. The size of the host cell remains 
unaltered. Schiiffner’s dots do not occur, but usually a few brick-red loops, 
streaks or dots, larger and more irregular in shape than Schiiffner’s are seen ; 
these are known as “ Maurer’s clefts,” (Fig. 218.) The loops are commoner with 
larger rings. In the fresh state the infected corpuscles have a slightly darker 
appearance, resembling old brass, hence they are often called “ brassy bodies.” 
Pigment in the growing schizonts occurs in well-developed blocks, usually appear- 
ing as one dark conspicuous mass. 

Schizogony takes place within the capillaries of the internal organs. The fully- 
formed schizont measures 4-5-5 p, in diameter, so that it occupies only two-thirds 
of the rod-(‘.ell. The number of merozoites (even with a single infection) varies 
from 8 to 32 (Fig. 217, g). The merozoites, much smaller than in other species, 
average 0-7 to J [jl. Schizogony docs not proceed at a uniform rate and may 
vary from 36-48 hours. The forms in the internal organs arc small and solid 
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without va.(‘U(>li‘s. is j«‘t hlack juu! forms ;i siiif^lc* i*(Mi(,rjil iiwiss, and 

on this account is apt to lx* inista.kcn for the «iua,rtan. 

GaiiU'inijoinj. 'i'lu* i^aiiud.ocyics assunn* I.Ik* very si.rikin^^ civsccntic shape 
(Fi,a. p. Init tliis(l(*scription is not (|uit«‘ (‘orn'ct, for the* ends a,n^ not point, od 
hut more l>anana.-shapo<l. (h'i,ii:- 219.) 'riu*y arc fairly larjL^(‘ hodic's, from i) to 14 p 
hy 2 9 [L ill hr(*adth. A dctinit.i^ capsule a-ppi'ars to lx* s(‘cr('t.('d round the mature 
cresi t'ol. {<J(inn (oci/lr). C 'fcsi'cnts are not s(‘en at tlx* onsi't of t-lx* iideet ion, but once 


I-ij!;. 2I<). I'ormalioii of male pinclocyle (crescent) of I\ fulripartnn. 

\ l.tHMt {M U'roplwtotjfitph h}/ />/•.*/, Hill.) 

they appear in tlu^ periphend hhuni, th(*y (end (lO ineri‘a.s(' in nmidx'rs <lurinp tlx^ 
next tew days. Tlx^v are less atn(‘uahl(‘ to Mu* ai'taon oi' ((luuiiu* and a.(<'hrin than 
other vSta}i;(‘H of the [larasiU*, and may persisl. in Mu* lilood for six weeks after suh- 
sid('ne<i of tlu^ levrn*; individual (‘rese(‘nts liavx* a lile-span of HO l>0 days. It has 
h(‘(m tioted that, (piiniue admiuisU'red at Mu* eoinmema'nu'iit, of a Hid)lert,iaii attack 
pnwents the appea, ranee of e,n‘S(‘ents. 'rh(*y au* rafiidly extiriiatcd hy pliisnio- 
(piine (pwmnquiu) (f). 87) and paludrine, hut, are not, air<*eted hy atc*hrin 
{mv.pacrme) or (juinitie. d\vo s (‘ x<*h <)f er(*s(*entH <‘an he dist inpiiislu'd, ddu^ 
(rriicmjawvionjiv) is hroadtw and mon* stumpy thati Mu* f(*mah*; Mu* nuel(‘us is 
(liirus(^ an<l oeeupies tlu* p;ri*n,t.er part, of Mu* protoplasuh and Mu* pi)j:m<'nt. is 
HeatMM'(‘d throup;houttlu* protoplasm and the cytoplasm is often pirddsh him* when 
stained by Itoma-nowsky stiuitis. d'he fvmak is mou* Hlt*n<l<‘r and 

))OHseHses a stnall e(*ntirally-pla<’e<l nuek'us with tin* pignu*nt eon<‘(*ntrated round it. 
When the ereset'tit is fully matun‘d, the (>rot.oplasm of the eorptiseli* is eom))l<>t(*Iy 
engulfed, so that only tlu^ eorpuseuiar (‘nv<*lop(< p(‘rsiHts and may lx* distinguished 
as a phantom outline. Sometinu*s twin or donhh^ erestumts luuu* h<*en s<u*u in 
one corpus<‘l('. It has oft(‘n been r<*mark<‘d that in Mm most s(*v<^re (!litn(‘al 
typos of subiertian malaria in Western and ( Vnt.ral Africa er(*K<‘(*!itH an* tew and 
in some instaue(*H cannot he found in hlood-films, wher(*aH in th(‘st‘ sanu* African 
infections, wlum examined later in Kngland, they may he numerous. 

In primary infections ereseents appear in the p(*nphoral blood with (doeklike 
regularity on the tenth day aft(*r thes onw^t of fever; by th<» fifM*enth they 



SUBTERTIAN MALARIA 


893 


have reached their maximum. If they have not appeared by the twelfth day 
they arc unlikely to do so later. Female gametocytes can often be found two 
days before the males. Crescents are produced from specialized merozoites in 
the internal organs, but especially in the blood sinuses of the bone-marrow. 
The immature gametocytes are distinguished from schizonts of the same age 
by their elongated shape as well as by the scattcT'cd arrangement of the pigment. 
At lirst the nucleus is small, and is placed towards one end of the body, usually 
extending as a cross line one edge in the same way as the quartan. Subsequently 
the n uclcus becomes centrally placed. In a large series of cases Shuto and Maryon 
foimd tliat gametocytes developed in 55 per cent., especially those which re- 
ci'udesced or relapsed after administration of sub-therapeutic doses of anti- 
malarial drugs Avhich appear to stimulate the production of sexual forms. The 
female gametocyctes appear before the male and persist long after the latter have 
disappeared. The gametocytes develop from asexual parasites present in the 
blood during remissions. 

P.falcd‘parv7)i has a much shorter lifespan in the human body than other species. 
A single infection survives from one month to one year. Short term relapses 
may bo very frequent, every two or three weeks over a period of one year or less, 
in the absemee of adequate treatment. There are no long remissions or long 
terni rcla])ses as in P, vivax. 

Strains of P. falriparuM appear to differ greatly in virulence and in their 
suscieptihility to aiitimalarial drugs, especially to quinine. According to Shute, 
some tro])ical strains cannot bo transmitted through Anopheles 7mculipe7mis var. 
ah'oparvns, although this species is an efficient carrier of European strains of 
P. fahl'panwi; Shute has proved that strain of P. falnpanmi, which develops 
n^adily in indigenous A7i,02)heles m., alroparvm in the Roman Campagna, but when 
tlu‘so inH(U',tH are tak(Mi to West Africa they prove refactory to infection in that 
arc^a, but th(^ same parasite develops readily in the laboratory in A7Xop>lieles 
sfephrnsi, and a Roumanian strain docs the same. 

Morphological varieties of P. falciparum are thought to exist. A form with 
largo rings is found in Africa and it has been claimed that blackwater fever does 
not oc(‘iir with the small ringed form, but is associated solely with the former 
and is more often accompanied by Maurer’s dots. Small hair-like rings are 
ctharacteristic of a prinmry infection. 

P, fenue, occasionally seen in India and Africa, has been regarded as a sub- 
species. 1’his has large rings ; “ tailed ” forms are seen in 10-12 hours, then 
tiiorci are '' spider-web ” stages, with tiny, spidery psoudopodia interlacing the 
(-.or|)uscl(‘. A(U!o 16 forms arc exceptional. That this is a variety of P. falciparum 
is to inferred frotn its association with typical crescents. 

The pre-erythrocytic cycle of P . falcvparwtrh has been described by Shortt, Fairley, 
(Novell, Shute and (iarnham in a human volunteer subjected to liver biopsy. 
Numerous mosquitoes — A, 7mculvpcjtinis atroparvus and A. qxmlrirmeulatm — 
\v(Mn inhuitt^ from a patient harbouring gametocytes of P. falciqmrmn. They 
wvro fed on the volunteer for three days in succession in the course of which 
770 bites were reoord(^cl. The results were assessed 140 hours after the initial feed, 
wlicn it was expected that the tissue forms would bo found at three stages of 
d(wi‘lopm(^nt separated by twenty-four hours. These were found in the 
partmcliyma cells of the liver. In shape they are oval and lobosc. The fourth 
day form measured about 31 ju by 26 p, the fifth day 50 p by 36 g, the sixth 
60 jL by 30 g. The number of nuclei is much greater than in the case of P. vivax 
and in(TcasoB with age. The oldest (140 hours) were in process of segmentation 
and some of them wore already releasing small merozoites (0'7 p across) into 
th(^ sinusoids. In some an apparent membrane was present around the soliizonts, 
but they did not provoke any cellular reaction. The pre-erythrocytio forms 
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roHonihlo t.ho^c' nl' /'. linLi <tn<l /^ rifnomoltfi, hut Mi*‘ iiiniuro si-luzont is con- 
si(kM‘jil)l\ liu.'joi, wlulsj. Ilu‘ ni(‘r()/.<Mtrs ;ir(‘ sinnll(“r and moi'c nunuavius. 
tSclii/oi^oiiN |)iMr(9‘ds morn rapidly. Tins similarily indicali's Mial. th('s(‘ llin'i* 
sp{‘cu‘S an* cIosoIn rt‘hil<'d. 

Abliormil? malaria parasites. -KriMjiuMiUy, in tin' (ropios, in hypon'n- 
doinic; ari'as, mixed inlect.ionH of iavo, nn»n‘ randy tlii‘(‘t‘, sjX'eies of paiMsiti'S niiiy 
he (ninnl ill IJk' siiiik' iiidi\ idna.l. 'riie nsiial eomhinalion is thai ol‘ Mu' Ix'iii^n 
l,('rMa.ii with tiu' sid>t('rlia.n. Iininatnn' forms of both |>a.rasil<‘H ma.\ Ix' (i('inon- 
stratc'd in tlu^ sa.ni(' mieroseopie liidd, but morr usually vai’ious di'velopnu'iital 
sta.,i;es of Mk' Ix'iiii^n ti'rla'an an' s<‘(‘n with snl)t('i‘j.ia.n <T('sei'id.s ; sl ill iuor(‘ 
iufi'(‘((m'ntly tin* 1.\vo dilfen'iit spi'eu's have Ix'i'ii n'eorded within tiu' sa.nu' ei'll. 
Jn (Vylon a, ml Malaya, eoiuhined iuleetion of lH‘ni,i»n ti'riian aiul (piartau are iu)t 
uneonnnon. Mvc'r siiux^ tin' l-iine of Seha-udinu, i*(‘rl,ain pu///-Iin‘^ appi'araiux's, 
('sp('eially in Ix'nign (,t'rtia,n inleetions, luive Ixx'n not,('d w hi(di wa'H' t hought by 
him to (h'not(' a process of partlu‘no.i^<‘n(‘sis, but, it. was reeo.U!:ni/.(‘(l (.f . 1>. Thomson) 
t,ha,t t,his mullx'rrydiUi' mass n'ally eonsisU'd of a. s< ‘, 12:1 m'u tin}; s<*hi/,oid, and a 
gann'toeytiC eonliix'd within a. sinu:lt' red bhxnbeorpusele. (^nnhini'd iide('tioii of 
sehi/iont, phis mah' or lemale };anu‘t,o(‘yt,(', or (‘V('n t.win iL;a.nu‘to(‘yt('S, have 
fr('<jm'nt,|y Ixx'ii n'eorded. Multiph' inleetions with two, thre(‘ or evi'ii liv(' 
suhteiiian rinjus are commonly s(‘{*n in hea,vv infections. 

Cultivation of malaria parasites. ( 'ultivjilion iu rifro of malaria para- 
sites was lirst ae.e.omplislu'd by Bass (lOI l)a-nd ha,ssine(' hi'cn amply eonlirnn'd. 
Asi'.Kual multipli<‘ai,ion has lu'tx^ ohs<'rv('d in tin' thre(‘ main speeii's, a,nd in sid)* 
tortia,n foui’ suee<'ssiv(^ };('n('ra,l.ions hav(‘ Ixx'u ohtaini'd, hut, freipu'uti suhinoeula- 
tions an' tu'cessa.ry. d’lu' nu'diurn is <h'lihrina-l,(*d hloixl i'ontainin,i; dextrosi'. 

( In'sei'ntiS ha,ve Ix'i'ii produced in a.rtilieia.l eultun'S of /h /u/rZ/imv//// after I0dn,ys’ 
imiuhation (Sinton). Some int.f'n'stiu}; la,et.s ha,vo Ix'eii ohs<‘rv('(l in t-lx' mor- 
pholo};y of tln^ eultiva,t('d pa,ra,sites ; for instance, tin' mnnix'r of tin*ro/a>it,es 
ioniu'd during S('hi/a»};oMy is (‘oMsid('ra-hly };r('at,(*r t,hn.n in tdn^ hlmxhstn'ani uinh'r 
natural conditions, wdiilst, t,li<‘ pa.ra.sit.i'/.('<l cells show a t.einh'iU'y l,o a..u:^lonn'iut,(', a 
h'atain* which doc’S not talo' pla,c(^ in Ix'uign tertian cultriin'S. I*. (ftllinfurutN 
has ix'im jj^rown in t.issue-oultun' by lla-wkin.*; (lOd 1), a,ntl t.his mi'thml is 
applicable t,o ot,her speeii's such as i*. lopJinnr. 

Hhu'k (IDdt)) has im})rov('d t-h(» teehni(jU(' of culturi'. Bhxxl st'rinn is ohta,iin'd 
from 20 .SO ml. of hhxxi in a lar} 2 :<' test-tulx^ «‘ontainin}; O-l ml. of 50 pi'r et'nt,, 
^dueose solution a,nd st.irn'd for live' minuti'S till di'librination is (‘ompl(‘t,<'. 
The serum is H(‘parat('.<l by e<'ntrifu}j:at.ion n-nd plaei'd in a. llat,dn)|.tonn'd tuln^ 
J in. in diann'tt'r to };iv(^ a, column of serum U 2 in. hi;.;!). lO'tl cells inlortiC'd 
with !\ falnpdnnn an^ obtainc'd from Ix'in'a-th the li'iicix^yte layer aJttu’ centri- 
fugation. 'riu'H(^ are. introduced into the- bott<»m of tin' st'runi lube which is 
ineubated at, 117" (h Schizogony followed liy inva.Hion ofnew nxl cells is ohsmaa'd 
after 2S hours. At 7H hours forms n'semblinj; };a.»tu't,ot‘yt,(‘s appear, but art,(‘r 
five days iiarasites are H(nint,y. Subeultun's into ftx'e si'ruin coutainin};: ihmI 
bkxxl corimsidt'H and };lueos(^ }!:iv(‘ results similae to tlu' initia-l (udtun'. By this 
method it is j)OHHihl(^ to test t,he (‘llect of dru^s in tlu^ serum ori the parasites, 
(hdtures a,n^ mad<‘ with a imxk'i'ati'ly hea,vy inh'ction ( 100,000 pa, ra.sitespi'rc..mm.), 

Kxfl^tgcUation. •' Wlnm malaria-infectc'd blood is cooled out,Hith‘. t.lie body 
tl\o Jlagellatcd body derived from the iincro<jmnvk)cyU\ is <)l)H('rvcd and rt'.presonts 
a process which cannot occur in the circulating blood. O’his body, (joinposcxl of 
colourless protoplasm and actively oscillating ])igrtK'nt granules, tloat,s in the 
plasma. It first bccomos cireadar anti tht'u the llagella (mintHjavn'UuH), si.x t>r 
more in number, with Inilhoiis extremities, t'rupt from tlu' periphery. Kor a 
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})onod the flagella lash and vibrate, agitating the plasma in which they lie, but 
eventually these delicate filaments break away from the parent body and swim 
witli rapid movements (Fig. 220). 

Sexual Forms. — The gametocytes of the four human species of malaria 
|)arasi(,es diifer in shape. In the benign tertian^ qmrtan and ovale they are round 
or oval, but erescentie in the subtertian. The “ crescent ” exhibits no amoeboid 



Fig. 220. — Stages in the development of Plasmodium falciparum in anopheles* 

X 2,000. {After Wengou,) 

1. {(i) of ni!i,l(5 f^ainolou^ae oC /'. ritut.r; (ft) free niiHolluni (nialu piiniGt(‘) ; (i-) fcTtilixatioii 

of foinali*, puiict.c. 2. OoKiiu'ttC. ;}. l^ruiysted in stomncli wall, -i, 5, (>. Oocysts showing 

I’ctuMiIatii'd <',vto[)lasin. 7. Scii'tion of oocyst showing sporoKoifcos forming oiilgrowth.s from cyto- 
])la,siMic. roticuliiin. S. Section oi oiicyst into inaturo s|)oro/.oitcs. 9. HpoimoitcR from salivary 
gland, 10. Sporo/.oites of {After Shute.) 


movement and contains needle-shaped pigment [larticles in its centre. In the 
male {nmrogam<eiocyte) the protoplasm is hyaline with loosely arranged pigment; 
in the female {nm,(\roganielocyte) the proto])lasm is faintly granular with the pigment 
arranged in a well-defined ring. In the subtertian, gametocytes are derived from 
corresponding stages within the red corpuscles agglomerated in the blood vessels 
of the internal viscera. It has been proved that injection of blood containing 
gatnctocytes into non-immune individuals docs not produce malarial infection. 

''.I’he flagella, or microgametes, arc formed of a chromatic filament and a covering 
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of protoplasm, jmkI Micv <‘ruption l.l»(‘ ivniniiis of tiu' paiviit consists of 

pis^inont <^i‘a.niilrs i.id a, small a.mount of r(‘sidunl protoplasm which an' ia^^^stcd 
by wandcriiii' p!iai;ocMi*s (mainly lar^c inonomicK'ars). 

' Condition''^ i'rtffr</in(j thv vruptiou af Hy ('Np('>sing 

freshlv'draw li maJaria blood t.(»air wiiJi sli^dit a.dnii\tur<' of w'ai(‘r (as by breathing 
on the wet, (ilm) it is usually (‘asy to produce aiul slain Mu' llag<‘llat(‘d body. 
In certain maJa-riaJ hhxids <'xllag<'lla.tion talvi's place ra.pidly: in otlu'rs it ina-y l)e 
di(Vicnll< (s('(' p. 11177). 

< {raunlar spheres {frm(dv (jmni'iociitet^) do not (unit llagella, but iHs^oine splu'ricail 
and remain (juies(auit. Tlu' aim of t in' inicrogaim^b's (llag(‘lla.), wln'ii tlu'y hav(^ 
brolo'ii away, is to approach and emh'avour to enter tin' granular spln'n's {fnmde 
(jdmvtv,^). On tln^ surface of the latter a minut.c papilla is sc'en t.o [iroji'ct, and 
at. this point one of t.he micu'ogameU'S (udt'r, causing a.n insta.nta,n<'ous oscilla,tion 
of its c.ontents (Kig. 22(1, 1,1.). Subseipu'utly, nll.hougli th<' sfilien^ may l)e again 
energeti(ially attaclu'd, no si'eond microganu'te can eHeet t'ntraiux'. This proc('ss 
(lirst obst'rva'd by Mac(!a,llmn in 1S<17) constituU's an act of lertili/.ation. 

Diseovnav ok tiik Ibuo-KatVTHinntVTU! Oyouk ok tiik Malakia rAKASiTKs 

In 10(12 Hehandinn clainu'd to hav(' obs(‘rv(‘d tlu' ,s 7 a>/'o:e//cs from t.lu' salivary 
glands of tin' mosipiito peiu'trate into a red blood corpusclt' and tln'n' (h'vu'.lop 
into tlu' ring foi‘in or IroplKCoitc (sonu'tinu's ealltsl a. srhi^tcaifr). For ov('r thirty 
years S<*haudimfH work n'lnnirn'd unchaJh'ugi'd mnl Ibrnn'd t.ln' basis of eviuy 
illustratiion in text.-books, in spite of r<‘p('at(‘d attempts by oth<‘r worki^rs to 
eontirm it. In 102-1, A'orlo' and Maeth* [loinb'd out. tin' main diHen'in'es lu'twt't'n 
therafnaitie. maJaria eonv('y<'d by inoculation, and tlu' naturally acijuiu'd 
inos(iuito'Conv(‘y('d (list'asi*. d'lu' former is much nior(‘ (‘asily cun'd by ((uinirn^ 
and lias a much shorti'r incubat ion pi'riod. To ('xplain tln'si' anomalii's, tbinu^s, 
in 1021, suggi'sU'd that tJn^ sporozoib's, on tlu'ir ('ut.ry into t.he> human body, 
passtid int.o t.lu^ tissut's w’ln'n' t.lu'y muh'rwM'iit. dc'Vt'lopnu'nt In'fore n'acdiing the 
blood stream. This hypotln^sis r<*(‘(uv('d support wln'n tissiu'-invading forms of 
plasmodihhe of birds vv(‘re (h'lnonstrab'd by Ibdlaek', Kikul h, Mudrow’, daiiu's and 
Tate. eoinjik'b* eyck^ of /^ (jallhimrnm. was worked out- by Hulf and 1 tiyulstou 
(1044). In 10'17 (as ahvady r(da.t(ul on p. 887) tissiu' forms wu're found in a bat 
and lat.(‘r by (tarnliam in monk(\vs inle(d.t‘d with //r/^a/on/.sYAv kovhL 

Fairk'y, in 104r>, mad(^ the im[)ortant observation that tln^ inft'id.ivity of the 
blood afbu' inoeulation wdUi sporozoiU's remaiiu'd so for H('ven minuU'S up to 
half an hour. 4’hereafter, for si'viwal days lU'gativi^ r(‘sult.s \v<'re ohtainc'd. 
In f(dciptn'unid\ni\'i'iumH, suhinoeulatious from tlie H(Wt'nth day wa'u^ positiv(^ ; 
in P, vivnx from tln^ ninth day. I'liis ('videneo eould only ht^ t-aktm as suggesting 
that some tissue-eyelo in tluj body was taking phu^e. 

In 1048 Hhortt, (larnham and Malamos, working with /\ ajuomoUji^ a simian 
parasite closely resembling l\ vimx of man, found in tlm liver of th<^ monkery 
numerous large parasiU's nu'asnring 25 2(1 fi m (liam(4(‘.r and whi(‘h n'siunbhjd 
the tissue forms of liird malaria (eryptozoie sehizont-s). Soon aft<'r Shortt and 
Garnhaiu, in collaboration with Novell and Shutt', and by using largo numbers 
of infoeted mosciuitoes wlii(!li wi're made to bite a volunteer, suc.e.ei(Mh^d in demon- 
strating the (.issue stages of virax in a piece of liver rtmioved by biopsy. In 
P, cyrmrn/dgi alwi pre-(‘ryt.lir<)eyti<5 H<4uzogony biki^s pla(‘.(^ in t.h(^ <u4ls of t-lu' livm*. 
The earliest forms are seen on the hfth (lay aft(‘r iide('.tion. Tliey are splierioal 
or ovoid bodies, about 10 /a across, containing 50 pUases of irregular chromatin. 
Maturation ocseurs on the eighth or ninth day, at which time a bnv vactuok's 
develop in the parasite and indentations of the peripliery ot^e.ur. Nuek^ar multipli- 
cation continues and nearly a thousand merozoitc^s are formed, The matun^ 
schizont measures about 35 in dianustor. 
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Persistence of the tissue cycle in the liver cells has also been demonstrated 
by Shortt and Garnham (1948). Schizonts were found months after the 
original sporozoite infection and after a month’s latency, when the parasites 
were absent from the peripheral blood. The cryptozoic schizonts of P. vivax 
resemble those of P. cynomolgi very closely. They exhibit vacuoles, indentations 
of tlie ])eriphery, and nuclear multiplication resulting in the formation on the 
sc'vonth day of a fully mature schizont with 800-1,000 merozoites. The size 
of the schizont is a little larger than that of P. cynomolgi — about 42 jx in diameter. 

falriparwm. — The pre-erythrocytic development, with liberation of mero- 
zoites, may be completed in less than a hundred and thirty-five hours after 
mosquito f.ransmissi(m of P. falciparum (Shortt, Fairley, Covell, Shute and 
(hirnhaan, 1949). Fourth-day forms of schizogony are oval, measuring 31 p in 
the larg<\st diametei* and showing a tendency to produce lobose pi’ojections. 
I’hey (contain mimerous nuclei measuring 1*5 fx across. At first the liver cell is 
only slightly altx'n^d, and its nucleus is pushed to the periphery. The five-day 
H(ihizonts measure 50 p in their longest diameter. At this stage the production 
of lobes is marked and there is a tendency of the cytoplasm to break up into 
])ortions I’oscunbling cytomeres. The number of nuclei which are now smaller 
iner(‘as(^s considerably and many are dividing. Six-day schizonts measure 
upwards of 00 p and form a complicated system of lobes, so that they arc higlily 
iiT(^guIar in shape (duTub-bell shaped). At this stage schizonts have reached 
maturity and ai'e segnumting into merozoites, measuring 0-7 p in diameter. They 
ar(^ <Mth(‘r rc^ady to rupture, or are releasing merozoites into the surrounding 
sinusoids. In nmtiber there may bo 40,000. The x)araBites are surrounded by a 
limiting moinbrarjc^. In comparison with a similar stage of P. vivax the phase is 
of shorten’ duration, the mature schizont is much larger and many more crypto- 
nuM’ozoites ar(‘. produced. 

Sum MAH V OF TirE Ltm-ovcLE of Human Malaria Parasites 

Malaria parasites belonging to the family Plasmodiidie undergo four cycles 
of dcvelo[)moiit : 

(I) . ^Phe ])r(‘.-ervthrocytic development in the liver of the sporozoite derived 
from th(5 salivary glands of tho mosquito. 

(II) . Tho exo-orytlirocytic cycle with tho development of exo-erytluocytic 
{cryptozoic) schizogony which takes place in the liver cells in the case of the 
human s])ec.ios of Plasmodium. 

(III) . Asexual erythrocytic cycle by schizogony in the red blood corpuscles 
of the circulating blood. 

(IV) . The sexual cycle commencing with the growth of gametocytes in the 
v(U’tobratc host and continuing with sporogony in the stomach cells of the 
mosquito. 

As the dciscriptions of tho full life-cycle of malarial parasites have necessitated 
an extension of tho nomenclature, it is necessary to define some of the terms 
which are now coming into general use. 

Pre'Crythrocylic schizogony. — ^This term refers to the development of the 
sporozoite during tho incubation period. It may occupy one generation only, 
as in mammalian malaria, or several generations, as in the avian forms. 

Exo-erylhrocyiic schizogony, — It is necessary that this term should be confined 
to stages seen in the post-patent period — when the parasites have reached the 
blood and, in the case of the human parasite, have entered the liver cells. 

Tissue Phase. — As this term embraces both pre-erythrocytic and exo-crythro- 
oytic schizogony, it should be used when tho exact stage of tho infection is 
unknown. 
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Fijr. 221. -Schema of the compleie life»cyclc of mamninliaii malaria parasHo based 
oil Plnamodiiim. rMVi.i; and P. vifuomlgi. {After HhorlUtml (larnluim.) 
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Phanerozoite . — ^Any exo-orytlirocytic parasite except the pre-erythrocytic 
forms. 

Cnjptozoito . — This term has been introduced to denote the first stages in the 
dcvelo]3nicnt ot tlie sporozoite. Cryptozoites are the product of the first division 
ol the sporozoite and are contained in a cryptozoic schizont. 



Fig. 222. — Pre-erythrocytic cycle of malaria parasites. 

I.— I'rc-fi'j/Mirocytio (pi-yjitoy.oic) of Plitsutodnun cpumolgi in liror coll on 5th day. 

13. — T’rft-(‘ryl,hrocyliic (ciyptozoic) sdiizoiiL of P. vimix oii 7th day in liv(‘r cell Hhowiii^; form with 
iiwo vnciuiloH. — Aloro advanced staf^c of iire-cTytUix»cytic schizont of P. virnx showing forma- 
tion and relciiso of prn-orythrocytie nicrozoites (cryrtomoro/.oitcs). 

('After ShorLt and Clarnhajn, 1918, Tram. Roy. Roc. Trap. Med. d- II yg.) 

Meiarri/ptozoilc. —After the fir-st (try])tozoic generation there arc sehizonts which 
produce metacry piozoites, and the term includes all pre-erythrocytic stages 
with tho exception of rjyplozoUes. 

M icrommizoite , — Certain exo-orythrocytio sehizonts consist of many nuclei 
and little cytoplasm and these microschizonts ])roduce largo numbers of micro - 
inerozoites. In size and structure, they resemble the morozoites resulting from 
schizogony in red blood corpuscles and are destined to enter thorn. 

M (icromo.mzoUe . — These ai-e larger bodies than the mieromerozoites and they 
are fewer in number. They do not invade red blood corpuscles, but enter tissue 
cells. 
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Hchizoids . — iorin srliizonl. is pn>|M‘rly appliiMl t(» jim mtnK'i'lluliir aHoxual 
form ill any siiim', but m prai’lici^ it is n'st.rmlcO so as lo (losimial,(‘ asi'xual Ibrms 
otlicM’ than rini; forms. chroinalin has fully dividtal with formation of 

morozoilos, tlu' s<‘hizont is known as a.n adult S(‘hizont, Hporula,taon form, 
S(\<j;uu'uta.tion foi’iii, or rosc'l to. 

I and II. rKiMoavTUHoovTic \Ni> L\o-i<a{VT!iiio(w 'n<! (Ki^^22l).— 

'rh(‘ pro-(‘rythroovti(‘ and (‘xo-orythrorylm* oyoI(‘S of diwadopnuml- oa.ii now lie 
summarizi'il, Inooulation of ,'^p()ro::oH(‘s by tlu‘ inibetod niosijuito is followed 
by the dov(‘lo[)inmit of tlu^ pro-orythrooytio oy<-lii in tlu^ o<‘lls of tlu' livin', with 
product-ioii of ])ro-orythroovtio nuM'ozoitos (oryptonuM'ozoiti^s), 



rij!:. 223.“ -Prc-crylhrocyllc schizotil of P.fula' parti m in human liver, 6lh day. 

{After Hhorttf FuirUtp and at hern,) 

Woino. ofthosi' (Mil^or ri'd blood oorpuHoIos to {irodui'iMi olinical attai^k of niahirui 
by ert/throepfic nehiziujomj, but othm's ontm' normal livin' rolls and ropiait the 
proooss (vxtM'.njlhroeijtie nt'hkmjouy) and thus produoo t ho bofrinnin^j; of a r(‘la])Hn 
by the lilioratiou of a souond ^onoration of mm'ir/oitos {wefarrt/plomerozoiien). 
This repeats iisidf indidiuitoly, irrospeetive of whether t he erytliroeytie or blood 
cycle is jiresent or is hold in abeyanoi' by auti-mahu'ial troatmont^ir, as apJ)(^al'H 
probable, by naturally aequirml iunnunity (Ki^. 222). 

111. KitYTiiitooYTio (Ivoi.n. * 'Plu^ eryptouiorozoite en(.(‘rs an erytthroeyto and 
growth then takes ])hu!e at* t*he oxpmi.si^ of th(‘ red e(‘ll {et'^ythrocyik or anexml 
HcUzorjony), ^Aftiu* two or thri'c days, the single nuehms, l)y repiNitod division, 
multiplies int»o a munlxu’ of daughter-mieloi. 'flm parasite then produces a 
corresponding mnulier of <‘rythroeytie 7 tnroztrife.,s\ a mass of residual proto- 
plasm and eharaeteristio pignuuit. By rupture of this cell, the inerozoitcs 
eseax^e into tho plasma an<l attaeh tlunnsidvos to other red blood corpuseles ; 
tho cycle is then repeated {amxnal fichizoyomj). When several generations of 

^ In 2*. vivn^ thonimiW)itiiHnnlorrHl<'uloc.ytuH; /*, rmUtrUe enter oUJeti) erytlirocytuB, but. 1\ fuldimfmi 
entera any form of retl oell. 
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merozoites have been ]n‘oduccd, certain individuals bec‘ome garnet ocyies, or 
sexual cells {sporogony)^ which, when mature, arc of the same size as the schizo7its, 
but contain more i)ignient granules and a single nucleus. 

IV. SisxiTAL Cycle. — Tlicse cells are of two types, 77iale aiid/cwrtZc, (micro- and 
7}KtciV(janH>fociif(\'^), of which the latter has a dense and deeply-staining protoplasm. 
They are ea])able ot further development only when taken up by a specific 
s])eeies of anopheles mosquito. Jn the male the nucleus divides and the daughter- 
nuclei proceed to the ])(Miphoi*y of the cell to become the nuclei of the fine 
filaments cmdowed wiili motile powers {•niicrogametes). In the meantime the 
female gam('4-ocyte {iiian'oga'mvtocyte), having shed its 'polar bodies, has become 
the 7nacro(ja7HvlG and is ready for fertilization by the microgamete. The 
im])regnated macrogamele (or zygote) is capable of independent movement, 
(‘longates and, as an obkmcte, bores its way through the lining epithelium of the 



224.“- -Stomach of Anopheles ^naculipeimis Infected with the oocysts of Plas- 
7iiodmni vitmx. 


mos(|iiito\s stomach, l)niaks up by 7n,eiosis, encysts between the epithelimn and 
ih(' limiting nuMu brants and becomes an oocyst (Fig. 224-). The original nucleus of 
t/his cyst divides rcqx^atedly, the ]>rotoplasm segments around the daughter- 
nuchu'forming a spo 7 igiophmrh. Fvtaitually these nuclei arrange themselves on 
the surface of the ])rotoplasm in which the sporozoites (about 15 p in length) are 
fornuxl, (‘a(‘h nucleus atxjuiring an appropriate amount of cytoplasm. When fully 
tilUxl with sporozoites the oocyst bursts, setting them free. Some pass into the 
salivary glands of the mosquito, then travelling via tho salivary ducts they once 
more ont(M’ the blood wben the mosquito proceeds to feed on its next victim, 
and are carried to the liver to recommence the pre-erythrocytic cycle. Not 
only are the sporozoites found in the salivary apj)aratus, but the whole body 
cavity becomes choked with them, and they may even penetrate tho legs and 
antemiiu (Fig. 225). 

The oocyst also contains pigment granules, and one or more residual cytoplasmic 
bo<lics. The iiumbtir of oocysts present in the stomach of a single mosquito varies 
with the number of gametocytos in the blood. Sometimes only one or two 
oiujysts otaair ; sometimes ten to twenty ; exceptionally there are large numbers. 

Udie optirtium conditions for development of malaria in anopheles are a moan 
tomporature of 20-25'" C. with a mean relative humidity of 60 per cent, or over. 
At a constant tomporature of 1 5° 0. P. vivax ceases to develop, but P . inalance 
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c‘oiiliiHU*s (!. At. 2\) lli<‘ ••ycl{‘ ii» /*. rirax (><*cii|)i(‘s li; daya^ 

l\l(>siiin<n('S mU-cInd witli /*. rirn.v \\\i\y he (‘hilli'd ; (Invu'lopiiK'nl. of iho 
jKiriiHil.t'S i.s i!icr(‘I\' t.i'inpora.rily a.m‘sl,nd, hiil. in I\ Jah'ipannn l.ln^ notysUs shrivel 
il' k(‘|)t. ;ii. iVri'zini; poiid. lor IS liours. In sonu' sfU'ch's of iinopln'h's, alt hough 50 
or inoH' ooeyst.s may l)(‘ found in ( Iu‘ st.oma.ch, full (h^velotnmad. do('M not ju'oemi 
fni'Uier. WIumj oiua' Hp()ro7,oit,(‘S ha.v<' hiam d<‘V(dop(‘(l t-lu* inidoh'd a.nopiK'les is 
(ia,j>a.l)I(' of ])r()du('in^^ infi'ction a.t. oxtnuiudy low t.(unpt‘ra.l.nn\s and romaiiis 
iiddel.ive for t-luvc monMis. 

lit malaria ma.n (‘onstitul.cK him (as<‘xua.l <*y('l(‘) and th(‘ inos()uito 

Mi(‘ (Ivfin'idir host. (s(‘xua.l (-y<'l(‘). 
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I'i}*. 225. Salivary jjlaiul of Afiophi'lr,s mtvwtdpvnuis^ coidaininji sporozoites of 
Plumoidum falciparum compiled from serial sections. {After Wrupau.) 



Differential characters of the oocysts of various species of 
malaria parasites. - Ao(‘ording to Shutt^ tlm omy.sts of t,lm four sp(‘ci(‘s of 
human pla-unodium (‘xhihit dindrimtialin^^ idmiamtors in tlu* a.iTa.n)j;(unont and 
nnmi)cr of tlio pi^numt jL,n*aiml('a. In /'. riraj' tho pl^tmud. is Hcntttu'od without 
any dolinit<‘. f)ati(‘rn ; the giunuic^H a.r<‘ liras yrdlowislnhnnv n and <\xoo('d 70 in 
numlun*. In /\ wm/c tho pigment forma a (hdiniU* pattern. It i.s eoarH<T and 
darker in eohum than in /\ vmrA h'sa so t.han in P.fttlcipuruui and l\ malaria'. 
The number of granul(*M in an odeyat aiddom exersaia 50. In P, falciparum the 
irigmont forma a (kdinile^ patU^rn^ is jrd. bla<*k and vr^ry eours(*. Tin' number 
of granuloH in an odeyst rarely exet'eds 20. In /*, tht' granulea are 

also coarse and dark and ih(^ numbt'r ofpijgmmit granuk's Ii'kh t-ban 20 (Fig. 220). 

Dissection of anopheles*--' No particular tlinieultyalnndd be ernuuuitm'cd 
in recognizing malarial odoysta, evmi under a low powt^r of the ini<'r(>Hc.o[)(^, Tlmy 
are spherical, rofractilo hodk's whkdi jut out ht'yond tlu; stoinaeb (;ellH. With 
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a higher j)OA\ cr (-J in. lens) characteristic black pigment can be discerned in their 
interior. 

There are some misleading appearances, such as large body-cells (“ pancreatic 
cells ) and other objects, such as gregarine cysts and larval nematodes, which 
may oeeiir in Die anopheline stomach. Sporozoites may be recognized as fine 
rofraetilo bodies in the cells of the salivary glands (Fig. 227), 

Ross s black spores. — Sometimes oocysts may be encountered in which the 
cyst wall is eompK'tc'ly lill(‘d with dark brown or black masses, which appear 
to r(‘prescMit dt'giMierated (‘.ell contents which have undergone chitinization 
(i()in])aral)le to ehitinized larval filaria? (Fig. 161, p. 744). Mayne claimed that 
tbese black H])ores are always associated with branches of the tracheal system of 
the mosfjiiito. There is, however, no general agreement of their nature. Son'ie 
n'gard tlnnn a,H rcpix'senting an invasion by a fungus which preys upon the 
0 (")(‘ystiH, but they are never encountered save in infected mosquitoes. 



Pig. 226.— Diagrams representing typical arrangement of pigment granules in 3-4 day 
oocysts. {After Sh'iUe.) 

1, I’.ciUfJrii wil.li ^'ol(l('ii-l)r<i\vn pi^'tnonfc. 2-5, SulUcrLinn with blac‘k 0-9, Ovale tertian 

with Uiirlv bidwti in.ifinoiit. lll-ll, Quartan witli (* 00 , 1 x 0 black 


Infectivity of anopheles. — in endemic areas it is seldom that more than 
4 [MU’ cent, of HUH(!e[)til)le anopheles arc found infected. (Christophers for A. 
CMlrifarm.) Ihit when siisce|')tihle anopheles, such as -4. ailcifades, gmihice and 
nKK'uli'pnniis {cliilns, labra)ichi(v and atro parvus) arc fed on carriers rich in 
gani(‘t()(ytx‘H, 90 or (ven 100 per cent, may become infected. Many factors in 
nature allect the infectivity of anophclincs : e.g., the season, the number of 
i!d'(‘(d-ed malaria cases with gamctocytes in their blood, and whether the insects 
favour human hahitatious or cattle sheds. In West and Central Africa 10 per 
(umt. of .4. (j(vnihi(v. and A, fwmsius are infected. 

Shut(s has found that 100 per cent, of A. maenlipmnis atroparvus become 
itile{di(Ml with P. vivnx when fed on carriers with gametocytes exceeding 4,000 
[MU’ c.mm., l)ut with P. falcvparwn rarely more than 50 per cent, become infected 
wil.h a singh'. fc’cxl. This has been confirmed by Boyd in Florida with A. qmdri- 
mavuUitns a-iul i)y rireen in Malaya with A . 7mc.ulatus. 

In liomhay Bentley showed that 18 per cent, of A. stephe^isi were infected in 
August, but none in the dry season. Similar variations in the infection rate have 
been found in Holland in A. 7naculij)ennis (Svvcllcngrebel). In America the 
infiMtiion rate of ri. (puadri7uacitlat7is is 0-57 per cent., but in negro habitations it 
was as high as 4-0 per cent. (King). The fact that any particular species of 
anopliolos can bo infe<itcd in the laboratory does not by any means prove that it 
is eajiablo of transmitting malaria tinder natural conditions, because this is a 
question of bionomie-s. Thus in Holland, England and Italy A. 7naculipe7inis 
vars incssew and tt/picus [)lay no part in malaria transmission, because they are 
zoophilic ; they arc easily infected in the laboratory, when they can be induced to 
l)it(> man, and in North Roumania and Bessarabia they are important carriers. 
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domestic, aiiiin.ils l.ciii.i^ scarce there. In KiikIiiikI, li.)«c\er, .1. m. Iiipinis kis 
not been reimd, only noi imd we.s.'.vvf. 

SaI!.(U)SI‘()K 1IH V 

{Sar(‘()sp(iruli;i n,i'(‘ panisiU'S wlnrh I-Ik' nuispuliU’ and tiHsues 

of \-Va-lpl>rai<‘s. TIu*y iuv (‘lon.i'a.tiMl, sa.nsa.!*(‘.-s|ja.p<Ml Ixxiios with ji lait-irlp within 
wrliitili a,ir riKiloMtxra, inmihcM* of fali-ildrtn sponss (^Mi;iirK‘\ \s (‘orpiisi'les ”). 
Ha,r(U)<-v,stiH prodiurs a, sid^stainv san-ocysl iiic " wliicli is nspodally t.ojcio for 
tli(‘ ra,)')bit. M’lio cysls, whlvh nvv visihh‘ U) Mio naktnl (‘yi\ art' cotninoiily kiiowai 
as llaiiit'y’s or Mit'sclitM-'s (ailn's ; tlioy art* lirtpu'nMy Itniiid in anintals, hut ra,ivly 
In iiiiui in whom Umy havt' htam rt'conliMl IVoin Mu' in\ ocarduiin, larynx a.nd arm 
musek'H. 



Fiji;, 227 -'"”l)issccU(m of licad of mosquito. 

A, Mt'diaii w'cUim of lirinl, showiiuf (/a., llu’ voiUMm wiUvur.v iliu’l, wiMi its Inivrluoi in /o/., Uio h.vpo- 
pliiiry«i.\ ; f/n, ccn'Orniu : hclow tlua aro Mu* foii'lMdluni tiinl llic lunniiiriT iMilairt'Oicnl. of 
tt'sopliii'.;ns ; w., nmsolo : /o, norvr o<unnn''niro. Tin* ollior pnirs li,i.\o licoti rt'inovcd. //, 'I’lio 
vciu’Mo-snJiviu’V (IiU’ti, hIiowIti'J it't Idfurcal ii»M iirol lln* Ihroo planils on one ol lln Itroiii’ln's ; /'f/., noiHtni 
prliuul ; murks llio uppor of Idir (\^o :;alivar,\ ‘dninli-. 'I'ln* liiturfotion of lln* ilucf wiUi its 
mii'li'ttU'il liypodcnuis. 

ddm spocit'H in man is nSV/mav/.sVAs mnuchvi'htna (*V. liHilcDitnun). 'riun'o aro 
Kovoral authnntio cast's on rt'ctjrd. IJndt'inann (ISliS) Idund it in luNirt-rnusclt'; 
Baralfan and St. litany (IH5M) in larynyt'al rnuscltss; Darling (IJXlh) iti tlu^ bi(it^})s 
ofano/i;rt); Manifold (U)24) a.^min in th(‘ myocartlinin. 

TitYPANOHOMKH 

The Btruciuro of trypanosonu's is uniform in typt', timuj'h stibjcct to variation 
in minor details. The hotly is slendtT, tapt'rinf? to a tint' point antt'riorly, whilst 
fcho posterior may ho pointed or blunt. In j't'iieral shapt' it rcstunhlt's a tmrvt'd, 
flattened blade. The torniH “ flagellar and “ a-tlagt'llar are sometimes us<*(l to 
designate the extremities in plae<» of “anterior” and “ pt>Ht(*rior,” wdiicb are 
employed strictly with roferentu^ to ilm mode of progrt'ssion. 
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The nvclnu'i is e(‘nira]l v situated ; the hiiietoplast is usually placed posterior to 
the nueJeus, sometiiiies in close proximity. The axoneme^ the axial filament pf the 
flagellum, arises from a hUphoro^^last and passes forward along the margin bf 
the undulating membrane ; in some oases it may terminate with it at the anterior 
extremity, but more usually it is continued forward as the flagellum (Fig. 228). 
Those trypannsouK'S, in which iihc axoneme extends beyond the anterior end, are 
said to possess a free. Jlagvllnm. Multiplication usually takes place by binary 
fission. The blcpharoplast and kinetoplast divide first ; this is followed by 
mitosis of lihe nucleus and formation of a new flagellum and membrane. The 
body tlum divides longitudinally in an antero-posterior direction. Trypanosomes 
occur as blood parasites in all vertebrates, so that many wild animals harbour 
them and dilfercnt species arc specific to particular hosts and, in the majority of 
case.s, ai)pear to bo non -pathogenic. 

Transmission. — With the exception of T. equiperdum, which passes from 
horse to horse during coitus, tryyiaiiosomcs are transmitted by blood-sucking 
invcM’tebrab^M, usually insects, but in fish and turtle by leeches. In T. evami 
t.bis finuismission is mechanical and the blood-sucking fly, after feeding, 


[ ^"’etopksi-iA/exie/n 


/^/jizojofcust 



hsterhr 

Extremity 

Mir^inel, 

ria^Uum 


Anterior Extremity 


Nucleus 

Mmbrine 

Fig. 228.—Schema of Trypmosmm, {After Dohdl.) 


within a short interval bites an uninfected host, in this manner inoculating 
directly those try})anosomes which adhere to the proboscis. In most cases, 
how(W(T, t.raiismission is ollcotcd by a development cycle (cyclical development) 
in the fly, so that after an infective feed a definite intrinsic period is passed 
through before the fly is capable of conveying the disease. The infective stage 
is then known as a metacydic trypanosmm. Two main types of development are 
recognized : 

(а) A 7 itenor station. — Development oonmioncos in the stomach of the fly, 
.spreading forward to the proboscis and salivary glands, or it may be solely con- 
iiiicd to the proboscis. 

(б) Posterior station. — Development commences in the stomach and passes 
backwards to the hindgut. 

In the anterior station metacyclic tryyianosomcs are inoculated during the act 
of biting, whilst in the posterior statmi they escape in the faeces of the insect and 
infect their host through the mucous membranes, as in T. cruzi. 

Pathogenic trypanosomes of Africa are transmitted by species of the tsetse fly, 
Qhsshui, in which three types of development in the anterior station are known to 
occur. I n the case of T. ganibknse {Glossina palpalis, G. tadiinoides), T. rhodesiense 
(G. morsitans and G. swyimertoni) and T. hrucei {G. morsitans), the ingested try- 
panosomes start to develop in the stomach, where long slender individuals arc 
evolved, which in turn migrate forwards to the provcntriculus, proboscis and 
salivary glands. There they are transformed into crithidial forms, which attach 
themselves to the gland cells and finally become metacyclic trypanosomes 
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rcseinblini^ llu- sliuil siunipN forms iiormall.v found in ilu' Idoc^d. 9’lH\sr aro iii- 
omilakHl wilJi Inr sali\a, (lurm.i; hilinjjj. 'V\w whoK' oyclc normally oc(‘upk‘S a 
pcriotl nl aJ)iMiii ta\(.'nli\ (la\s. In i\ ilu'io is Ui sliouiait li ti(*V(.‘lopnKaitj 

but Iona sl(Mi(l<M’ trypanosoiiK'S pass for\\a.ril to tbo probosois - not to the salivary 
alands/^wlK'i’o crit hidijil and motacyolit* try pamosonii's an' idrinod. In T. vioax 
iluMi' is ii(» stomach phiiso, but trypanosomes d(‘V(‘lo]J w itbin the probos<‘is through 
the eritl)idia,l and im't.aryelie ]>ha,ses. 

pfi,s7cr/or.s7n//o/Mn(‘thod ordevelo|)inent is (‘Xtunplilii'd by 7’. er/^;:Mvhieh is 
tra.tismitle<l by rediiviid bugs (/V//.s7nn/r////;/.s-, TrinUma ) ; d('V(‘lopniont eonnnetU'os 
in th(' stomaeii a,nd proecM'ds in ilu* hindgut, where eritbidi;d roruis a.n' produced 
and metaeyli(^ Idrnis (‘Hea.p«' from tiu' int(‘stin(‘ in tlu' la'ees. 

In trypanosomes t,ra.nsmitt(‘d by i.h(' tst'tso (lies {(Uiu^slmt) an imp(n-tani 
function is subH('rvi'd by tlu' pt rilmpfiir mvmhmuv, lirsi. (‘lueidad'd by llonrc in 
the ease of 7'. ijrapi, 'Fins is a soft eylindrieal nu'inhraiK' exk'udiug from tlie 
proventii’icadus to tin' hindgut, wheni it is patent- aiul is in r(*u.litiy a e 3 ‘lindri(*a.l tube 
susjumded in tlu' iid.(‘stifu\ It is <h‘riv(‘d from a.n nnnuhir ridgc' or ring of gland 
e(‘lls in the proxa'id-rienlus w Inch s(‘er(d-<‘ a viscous jluid w Inch imnuMlialely solidifies 
as il- is puslu'd progri'ssivi'ly backwards. M’lu' ingeshsl blood does not i-lu'icforo 
come into eontaeti witJi th<^ gut wa.ll, bul- osmosis ta,kes plac<‘ through the pi'H- 
trophie UK'udinuu' ami l-ho trypa,nosom(‘S ea.nnot penetrat*' it'. Lp to (ihe fourth 
day t'la^ trypa-nosonu's an' act.ua.lly within the lunu'nof tlu' pt*ritrophie nu'ndiram'; 
they theiMuigra-te and (‘sea,po l-brough the op(*n pusli'nor t'ud of this nu'Uihrano 
a-n(i j)roc(‘t'd tio [la-ss forward outsidi' it* to the provi'iit-riculus. d’lu'y thus find 
thmuH('lv('s in a* cnl dv -sv/r a.nd p(‘n(*trat.e tlu* nu‘inbra-nc at t-lu' point ol lea.st 
resistance wlu'n^ it is still thud. Th(\v tlum pass to t-lu^ (esophagus a-ml prohoseds, 
to the (‘ud of th(‘ hypopha.ryn.x, and doubt' ba-ek again to t-lu' salivary glands, 
'fhc'n^ they Ix'eome rril/iidia, a-tt-a-ehiug th('ms(‘lv(‘H to t-lu' salivary duet-s for two 
to tiv(' days, Ix'lbn* Ix'eoming nivlacffclir tiypa-nosonu'S. 'The whot' eyele oc'eupics 
some t.wi'nty days, 'fhc! lly is not. inh'ct-ivt' until this stagi' is reaclu'd, but* there- 
aft.('r n'mains so for life (about (*ight mout hs). 

Infi'etivity of 7’. (jttmhivusv for (Uomua is slight- h'ss than 1(1 p(‘re(Mit. under 
exp('riniential eondil-ions ; whilst in na.tur(' h'ss tlian I per cent, an' found infoetod. 
Strains of T. (jamhii'UHC va,ry in inleetivit.y n,nd this propi'rty a.pp('a.rs to become 
lost in longsl-anding irdeet-ions. In lahorat-ory strains h»ng abs('nc<' Irom the 
natural v(‘etor is a factor. Polymorphism is also lost : only loiigsh'tuh'r forms may 
bo cne-ountert'd. 

Mechanical transitlission. T . (Jawhivmv <ian survivi' in t-lu' |>rohoHe-is of 
Glosdim for varying p<'nodH a, ml ea.n lu' inpu'k'd nu'eha.ni('ally. Kurtlu'r, it has 
been shown in Nyasaland that Mu^^ca lipvclavdra, feialing on (‘.xiah'd blood, can 
ingest. trypanosonu'S a,rul pass l-hi'm out viji th(' fa'ci's into abrasions of th<‘ skin. 

Cultivation. — IVypanosomos can be eultiva-hnl on e(‘rta.iti blood-media: 
those of <‘.old-hlood(xl vcu’Udirates and birds, as wt'll as non-pathog('iU(^ Hp('eieH. 
T. hwui, 7k theilnif and 7k ^miophagiuni arc t'asily (‘ultivati'd in N.N.N. nu'diuin 
or its inodifitjatioris, but pathogenic spinut's 7k tjamblvnsv, 7k Thodv,dvnm\ 7k 
brucri, 7k covgoIvnM., and 7k viviU' (‘a-nnot h(^ inaintaim'd in tlu'st' nu'dia-, biit 
growiTiUazgha’Hmodimn,i)rovidedtheHeHtrainHhaviuiotlost tlu'irtransmissihiiity 
by the tsetse. 7k crvzi r<'s<'itibh's th<‘. non-pathogeni(' Hpta*i(‘H in its a<la]>l-ability to 
artificial culture. As a gcmeral rule, in culture, trypanosoitu's ti'iid to d(‘V('lop as 
in the invertebrate host, crithidia-l, and usually nudacyi'lic, forms lu'ing pro<lue<‘d. 

Trypayiotionm gmnhumsa (Dutton, 1902) 

This trypanosome does tiot usually (xumr in t.lu^ blood of man in any great 
numbers. vSometimes it is itiorx'. nm-dily r(W('al(Hl by gland or sku’na-l pumtturt^ or 
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in the (lerebro-sjhnal fluid.- Tt varies greatly in length and breadth during 
ditlerent. stag(^s, as a general rule from 13-39 g in length. The nucleus is central, 
rii(' L'incfoplnsf small and tenninal, the undulating membrane well developed. 
Uimvrv fission takes ])lace in the blood, cerebro-spinal fluid, brain, kidney and, in 
tlu‘- lat.m* stages, in serous fluids. Polymorphism in the blood is a characteristic 
featni’o. Plireo ty];)cs are recognized : short stumpy forms without a free 
llag(‘llum, long sli'iider forms with free flagellum, and intermediate types. 
kostiMMoi* nu(‘leat(‘d forms ar<^ now known to be developed in experimental 
infeerions in Jaborat^oiy animals, as in T, rhodesieiise, so that this feature is no 
long(‘r recognized as peculiar to tliat s])ecies. The parasite occurs, not only in 
the l)l()t)d, but in lyinphaticglands, cerebro-spinal fluid, and the substance of solid 
()rga,ns, ('spi'cially the brain. Most laboratory animals can be infected, but 
baboons {(\i/)iocephal’Us) mid the soot 3 ^ mangabey monke}'’ {Cercocebus fuUgmosus) 
are ridVactorv. 

T. 7 ii(j(’riens<\ formerly thought to be a difiFerent species, is now recognized as 
a. variant. 

Reservoir hosts. — In the laboratory most African antelopes have been 
( peri n urn tally infecihal by the bite of the tsetse (Glossina palpalis and 0. 
iachinoi(les)^hni under natural conditions this association probably docs not 
hold good, 'fho swamp-dwelling Spoke’s antelope, or situtunga [Limnotragus 
spekei), luis ]ir(>ved to be an elfieient reservoir and T. gambiense can survive at 
h'ast Iavo y(s‘i.rs in its blood. 

Spi'kifs (Ij. spch.i) is a handsome antelope, standing 36 in. at the withers. 
d’h(^ buck possesses line siiiral horns. In ground colour it is uniform greyish- 
brown, aiui ih(^ luvul is adorned with white ocular and cheek spots with white 
chill. It is a v(‘ry shy H])ecies, living in dense, impenetrable papyrus swamps, 
ami so is seldom seen' or shot by Europeans. The hoofs are long and widely 
splay(‘(l, but when it lives in dry land they become shortened and modified. 

9iie r61(‘ of native pigs in the Congo as a reservoir, though suspected, has not 
Ikhmi (‘stahlishcd. T. gamhieme is essentially a human trypanosome so that man 
himwdf forms the chief reservoir. 

Trj/pa 7 tosow.a rhodosiense (Stephens and Fantham, 1910) (Fig. 229, 2) 

'Phis is imlistinguishahle in human blood from T. gamhiensey the same three 
t.yp(‘H being rc(!ognizable. Until recently, it was thought that the production of 
poHtm'ior-imeleated forms in laboratory animals, especially the rat, was distinc- 
liive, but t/liis is not so. J n this host a change occurs in the nucleus, which assumes 
a position ctloso to the kinotoplast or actually posterior to it. The proportion of 
posterior nucleated forms which are shorter than normal may be 50 per cent, in 
some laboratory animals. (Fig. 18, p. 134.) It has also been demonstrated that 
(•(Ttain arscniifal preparations, administered to animals infected with tr^’panosoincs 
which have lost this trait, caused a reversion to type. Goats and horses infected 
with T. rhodesieuM develop interstitial keratitis of the eyes, and the organism can 
bo demonstraU^d in ititerstitial tissues outside the blood-vessels. Home authorities 
still n^gard T. rhodmevse as a human strain of T. hrucei, with which ifis mor- 
phologically identical. Others regard it as T. gawhiense, of a more virulent 
ra(H\ transmitied by a diflcrent species of Glossina— G. ?nomians—h\.it this view 
has not gaiiK^l much supjiort. 

Geographical distribution.— 7’. rkodasiense is confined to North 
Nyasalaml, North-East Rhodesia, Portuguese East Africa cand Southern Sudan. 
Generally siie-aking its pathogenicity is greater than that of T. gambiense. ; it 
is more resistant to treatment and more virulent to laboratory animals. 

Devrlopnmit in Glossina proceeds in G. niorsiUms, in the same manner as already 
(l(‘Hcril)(‘(l. In Tanganyika (Mwanza) it takes yilaco in G. swynnermi. 
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Reservosi ilnosls. 11. is hrcinninu; Miai a. Iarg(‘ inimlxM* ol'anl (^lopi's can 
harhonr 7^ iial unil <*on«lil ions. Kairbairn and Ibni.t I nins- 

MiiM.c(l Mils {.i‘\ |>a.n<»som(‘ (o humans hv iMuployiiiij; a strain which had Ix^mi 
passi'd Mu'ou,i;li \a.rious animals by (L for lOl yiairs. main 

spccit^s of anli'lopi^ aiv* important. 

VV'iiti'i’huck {K()hu>s rllipsi/)r(/nni((>^), 'riiis haanlsomi' and familiar a,nt(do[)(i 
ra,n,i^cs from t.hc Limpojio Ivivm* t.o Ta.nti^a,nyika., Kimya., ami as far north as 
Soiiialiland ; in Mn‘ west it. is n^pkiccMl hy an a,lli<‘(l spccii's (/v. i/c/assv/). It lias 
a. wliiti' ribbon on t.lii' rump (‘xtcndiiti^ down tlu' thighs on both sides, and is 
provided with a tionijfh hide a.nd (•oa.rs(‘ ha.ir. It favours larii:(‘ sw'a,mpy plains 
ovi'r^rown wit.h re<alsa.nd pa.pyrus. 

llvodhuck ( h*<'(( i( tH'(t n i'll h(f i H(t<ya) . 'riiis animal st ands lib in. at. t.he witih<‘rs a.nd 



Pij*. 229.' Various trypano.somcs of man and animals, x i,:tO(), 

(/l//rr irew//o/n) 

1, T. tjitiiihirinit'; I!, T. rhtuiaim.st' ihmri\; .'I, T.trnM.H; I uml a, T. UfnOtrnn\ T, rintr; T,iU}n\ft*!rnsr; 
7, y. <m:/; K, T. theiUn ; S), 7’. ainiiiitin; 10, 7', rquiimutum ; 1 1, T, hiviai. 

ia ^n*(‘yish-fa\vn. There is a think, bushy tail reaeliiug half-way t-o tlu^ hocks. Tlu^ 
foinalo is hond(‘ss, Imt otherwisi'’ reseinhlcH tlu‘ male, which possi'ssi^s shnii 
curved horns, Then' an* fiv(^ vari<d.i<‘H, and n'edhueks an* ph'ntiful round Lake 
Nyasa, ran^o'n^jj north to Mozamhiipie a.iHl west to Angola. It is easily 
apfiroae.lu'd and is remarkably unsuspicious. Its ^.jallop is slow ami irn'gular. A 
h('rd wlum alarmed utM'rs shrill sen'ams, ki<‘ks uj) tiu' lieels and tossi's tlu^ tiail. 

The Dtiikcrhok {(Ivpltalopvft grinmi), 'PIuh is widely (listrihub'd in (Vntral 
Africa. It is in. in height, and pale gnrnish-hrown. Small horns, up to 
5 ins. long, are prest'tit ir\ the male, '‘rin^ nann* duikt*r, or tlivt*r, (‘oni<‘H from its 
habit of due.king or diving (puekly into bushes wlum alaruM'd, 

Trjipavawmia mtzi ((.Ihagas, 190U) 

Synonyms, — Schizotri/pmmni vruzi ; T, 

This trypanosome w'as lirst found hy (Ihagas in th<^ l)\ig, Pitnstrougylm, and 
subsequently in man. It oecnirs in the blood of man in Hrn/dl, Venezuela, 
North Argentina and in (Central America (Panama, Guatemala) and is the (‘ause 
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of C^hagas’ disease. Trypanosomes, indistinguishable from T. cruzi, have been 
found by Malamos (1935) in the blood of Macaca cynomolgus from Java, and again 
by Fulton and Harrison (1940) in M, mulatla from India. This suggests the 
p()Hsil)ilitv tliat this disease has a much more extended distribution than hitherto 
Hup})ost‘(l, but in the instances cited infection from accidental causes cannot be 
excluded. 

In its lifc-liistory (Fig. 230) it differs materially from others by its manner 
oi devt'lopuKMd.. kSomo forms are broad, others narrow, but it invariably 
assumes a Cbsha.ped attitude in the peripheral blood. Average individuals 
measure' 20 ft in length. The posterior end is pointed and the kinetoplast is 
la.rge. (Fig. 229, 7.) 

(Certain trypanosomes leave the bloodstream and invade muscles, especially 
the myocardium, or the cells of the brain or other orgairs, and there undergo a 
st'ries ol bimiry fissions during which they assume a leishmanial appearance. 
Multiplication is so rapid that soon large accumulations are formed in the tissues. 
Ijat,(‘r, the leishmanial forms elongate and become crithidia ; later still they 
become translorinod into trypanosomes, which make their way through the 
tissues and cuter tlm bloodstream. 

Life history . — Trypanosomes are abstracted from human blood by a reduviid 
bug, PamtTongylm (Triatowa) niegutvs, in which they undergo a complicated 
dtwcdopnu'ut. 'fliis can take pla(ie either in larval, nymphal or adult stage of 
th(5 inH<'(du Tbc trypanosomes pass into the midgut, become transformed into 
crithidia and as such (continue to multiply rapidly. They enter the rectum, 
wIku’c moiacyc‘li(‘. or infective try])anosomes appear and then pass out in the faeces 
of the bug. (t^ig. 230, /.) Inoculation of the parasite into man takes place by 
contamination of mucous membranes with fseces or by rubbing faecal matter into 
th(‘ wound originally made by i-ho bug. Incndonce of infection of bugs may be 
V(My high. In Hrazil 41 ])ci' ccMit. of P. me-giatus; in Chile 50 per cent, of Triatoina 
infeMam and T» npiriolwl and 37-5 per (jeiit. of T. protracia infected in California. 
(ln^(H^ti()n of m()nk(\ys with T. cnizi isolated from triatomid bugs in U.S.A. has 
Ix'cui aextomplishod by Wood.) 

Iliesc^ bugs live in cra(dcs and holes in the thatch of primitive houses. Their 
bite is painless and usually occurs at the junction of mucous and cutaneous 
surfaces as in the lip. Hence the name of kissing bug.” They bite at night, 
and n^tire to their ludiiig places before daylight. 

Under cx[)crimoutal conditions, T. cruzi can be inoculated into rats, mice, 
rabbits, guinea-pigs and monkeys, and can pass through the mucous membrane 
of th(‘ mouth or conjuncitiva. T. cruzi can be readily cultivated in liquid medium 
consisting of a solution of peptone, glucose and sodium chloride witlx coagulated 
rabbit blood corpuscles. Hawking (1947) has grown the parasite in tissue 
('ulture, using a suspension of trypanosomes from the blood of an infected mouse 
added to a (udture of rat embryo. During the first two days great numbers of 
tryj)aTK)Sonu^s arc's present in the culture fluid, but after six days considerable 
nnndx'rs oldTitmcellular parasites in all stages of development are scon in cardiac 
muscle, in macrophages and in the reticulo-endotheliuiu. 

A large number of reduviid bugs have been found capable of transmitting 

cruzi. In Mcxicjo no less than fifteen species have been found naturally infected. 
Amongst these arc : Triatorm phyllosoma, T, pallidipmnis, T. rubida, T. barberi, 
T, dkrddiata, T, picturata, T, longipennis, Ehodnius prolixus and Dypetnlogaster 
ruaximva. Other species in Brazil are Faiutrongylus mvgistus, in N. Argentine, 
Chile, and Uruguay, T, iuJcMam, T. sordida, T. vilticpps, T. dimidiata var. 
7 ymr‘Ulipimnis\ in Vencz\iela, Rhodniu^ prolixus and Eratyrus cuspidettus. Other 
s})eeies are Eufrialomu ^nacuhta, E. iiigrcytmmlaia^ E. ommldoi, E. patagoiuca, 
E, rubromria, E. sordUla, Pandrougylus gcmcidatus^ Psmnmolestcs arihuri, 
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P coiroflrs^ hrtitn/ifi. //. (l(WH'stiri{.'<, ii. pidh -^rrHs, h\ pirlipr,^, P. 

nrolirn,'<. I\u<n»innN ih^ nitttx'd, Triatomt hmsihrusis, T. ('nnioud T. afpiti,^, 
r d. nir.L T. i/auruhtla, T. Imjunu T. ?iHin(l(pt‘n)i hs, T. pla(nhv\% 

T piviivrid, T. iiiiiida, T. rosr)dnm‘/n\ T. T. spinolifi. 



Li};. 230* livoluUoiiary cycle of Triipnuvmum erttzi : 2-0 in mua or other vertebrate; 

0-U in 'rnttUnm or Ph/n\t\ >: I.AOO. (*l//< v lintmpi,) 

1, Mt*l,ncv(‘U<* irvitiuiMUdinc vrrli'ln’iiti* ; ‘J, It, 1, d»*liiy»rnn,v in (irituif. : U 1», tmiisfonnaMoii 

of mlull, Irypiuiosoim* <10; Ki, riidiMiul lonu iOhhiI t«» Ohitio in omull uiU-.tiiu' ; Id*, IciMlmiatib 
fomm rrctiljciil, iu Uic provcntrU-uliir; ; II II, prunrr-i-.hr tr.inolormul ion of i-rillililla forum Into 
tuctaii'.volui tryimnoHotiios <h lit liltulniL 

A Hp<H!ioH (Minuuon in (Hlilbrnia (Triulnnia protn/rta), (‘xl<‘n<ling oh far uort-li 
aH Salt Lake (!ity, liarbnurH a trypannHotiie '/k rruzu t-lnnigh 

human diHcmiKo is unUiiowu ihun*, whilst, umlor cxpi'nitK'nlal (‘umlitions, ntluT 
nuMiiboi'H ortlu' Tnaloma gomis in tlu' Unihal Stat<*H can hn easily inlccttsl, as 
well as (‘osinopnlitan Hp<‘ci(*s, 7'. rulinf/aj-triuta ami T, iVmhfutia (hh’undor). In 
Ariznna it is Kulrmtama uhlvn; in Nknv M<‘.\itH» /(/. pvoiivHu uHmti'w ami in 'IVxas 
1\ ^vTstmkm, It is })i’obal)l(‘ that till spiadiis nf PamtroHipjlH^ and Triatomu tin^ 
suscoptiblo to in(c<‘tion. IbidiM’ laboratory oondHions Ih'umpt has obsiawtsl 
develojiment iti bugs, ('/m/a? Inmipfrm (ruUnuhitun), (\ IvHuhiriuji, <\ fmuvd, 
0, kirmliHu, and in tricks, Orndhodonw woulmUt and (), 
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Reservoir hosts. — The multiplicity of the vicarious hosts of T. cruzi certainly 
indicates that the organism Avould spread to many countries, if other conditions 
nMuained favourahle. These reduviid bugs are so easily infected that 100 per 
c(‘nt. IxM'onie so at all stages of their existence and, moreover, remain so for the 
w hol(^ of iluar liv('s. The method of identifying T. cruzi in reduviid bugs is 
known as xenodiagnosis. 

cruzi has been found in cats and dogs, bub under natural conditions it occurs 
mainly in several s])ecics of armadillo (Edentata), EuphractusveIlerosiis—th.Q\orig- 
hair<'d ai'inadillo, I)a,si/pu,^ uorcmrlnclus — ^the Peba armadillo, D. novemcinctud 
fciicdlraiud, hjiiphravtuH scxcinctuH — the six-banded armadillo, Oabassous unicinctus 
^ the broad -banded armadillo, CkmlopluicHis vellerosus, Zoedypus pichiy — and 
th(‘ little armadillo, Tolypeutas tricinclus nLatacus. 

Probably T. cruzi is naturally a parasite of armadillos, but occasionally becomes 
ino(Mdatcd into man. 



Piji;. 231 . — Trypanosoma rangeli. Forms in culture from the peripheral blood, {After 

Pifano and Mayer.) 


OtluM- mammals include : 


( driropfmt. 


(tihmophuga. 

MnstdidcB, 

Agontid, 

Mamwpialia. 


Pdv.udalopcjc culpmud — Colpeo Fox; Bur yon gracilid gracilis. 

IIuHoliis Imphotisj H. montamis, Myotis nigricans, M, dvneUii, 
M. Icvis. 

(Uiruilia pvmpicillata, Antihems janiairensis, Desniodus rokmdus 
mar Inns (Panama). 

Biri as a Ibivenia . 

Talarida maeroiis. 

iSoricimt hachi, Carollia perspicilkita azieca, Phyilosiomus 
hastntus, Urodemui hilobaluni (Panama). 

Orison cuja Ivwronux — Orison; Tnyra barhara— Tayra. 

Ociadon degm. 

Bidelphis azarcc, B. vuirsupialis mesmmricana (California). 

Jjutmilina vrassicawUi paranalis, Marmosa cinerea, Metachirus 
nudicaudatus. 
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A nft'Nf T(U)n(H<fi(a ii lmtUu'ftfli h'nnji. 

i(l<r, Seiunfs (uyr)iiinus ArLit'iit iii(‘ S(iuirivl. 

S(Niniri ,^ri((h'us. 

Xi'oftWKf /u s Woodnit. (( 'alifoi'nin,). 

A. (Now M(‘xio<>, Arizona). 

T. rnc.l hiis Ix'i'n lound by Malainos in four oui- of l<‘n monk(‘yH {Macaco 
.v/nchla nian/d.v) imi>orl(‘(l (Voin tlava. 

UacUlioiiso a,n<l lk>llin,‘''or ha.v<' show n Mial Uu' Au.stralian {)liala.n,ij:t'r or ]K)SHuni 
^ Tnc/iasai'us rul/urala is v('rv siisiM'ptihlo. 

Tho most imporla,nli nw'rvoi?- is tbo a,rma.(Iillo, vvhioli is widely disiributcMl 
Un-oindiout Aitaa’ioa. and is Idimd in Inirrows in vioifiily oflninnin Inibitations 
vvlioririlio Inios {Pausironyf/lus a.nd THattnua) ulnnuMl. 'Pi»o l(>ji<j;d.{iil<'(l sp(x‘ics 
(J)asi/pt(s '}aicc)nci)icfa<^) is the (Munmoinssl., and a.l»ounds in (lnat('nnila u]) io 
5,000 rent, polndo/’ Ka/dimcius scxnnctas, a. innch sinaJUn* spooios 

IS in. in liMi;j;tli, is specially eununon in lirazil. 


Tr/i/umastniKt ntmjcH ('IVji'ra., 1020) 

'Hiis HpiH‘i(‘s oeenrs in ( 1 natcinala, Unijujuay, ('olond)iii a-n<l V(‘n<‘/.n(‘la, 

\i was first) found in Il/Kuhnas /mtlixas and substapiently sparin^^ly in nuin, 
in the sanie. dislriefs wlu'rc^ T, cruzl oeenrs. 11 u man iidia-tious liavt^ been 
(b'seribed by M<'dina. Pifano and Mayer, especially in ebildrmi. Aeeordin^^ to 
llernaiub'z Paredes (19d0) (lu* illiusss in man is ebaraet{‘ri/(‘d by bouts of fever 
and swcaits r(‘semblin,!A <'\anl.li(Mnie typhus. I^ifano has na-onled -Jl human 
eases in Varaeny (Veia^zuela) of whieli 'M had a doul)le inleelion with 7’. cra.'ii. 
'IMiis tjypanoHoine is readily eultun'd in <*itrat(Ml blood and ^ilu(‘os<‘ af^jir 
wit)hdelibrinalt'd rabbit blood iti boelu As solution. l*ositi\(‘ iiUM'ulation in rabl>its 
and white mie(' can Ik‘ obtaiiK'd. 

'riie parasite is ])ear-slmp(‘d with a minute bleplmroplast. and much mon^ 
eloni^ated (50/t) tlian T, vrazi 221). Oval and erithidijd forms aiv found in 
the intestinal (auitents of tiu' bu;.? and tlu* latt<‘r forms in its fa‘ees. 'I’he pn'stuue 
of this parasite is lu'st provial by x(‘nodia.u:noHis aiai by l>I(H»d <‘ultin*(‘ on N.N.N. 
nu^dimn. Its pathofJ!<mieity is at present umaniain. 

Trij/iunasomd ariacil N. sp. Oroot', Ihmjilb ami Uribe (1050). O'his is a lonji; 
slender trypuinosonu'. closely rt'stunhlin^ T. muyvVi and menHurin;^ 21 /4. 
body is mark<slly undulant', with two mirva's <»n one side ami one to threi* on t-he 
()th(‘r. I^oth ('xtriunities are thin and nt-timuaUal so that it is diOieulf- to d<dine 
where the anterior ('xin'inity of th<‘ body (nuls, an<l wIuuh' tlu‘ fria^ llagellum 
begins. post(‘rior portion b(‘<*onu*s progrt‘ssivt'ly thiniu'r and <Mids in a 

sharp, Hometinu^s (‘urved, point. 

2’he nmtleiis situated in the antt'rior part, is granular, whilst th<‘ kimdoplast is 
small, roumii^d and 0*7 /i in diameter, wliene(» tlu‘ llag(‘llum nnses, 2’lie timlulat- 
ing motubraiw^ is wi<h^ simious and \v(‘U-d<'Vel<»p(Hl. Hhaduhts /mdivuH is r<«idily 
infoe.ted; some forty days after hlood nu'al non-flag(dlnt.tMl and tlagelbiled stages 
c‘.an 1)0 denionstrahHl in th<‘ gut. Prom blood eulture this tryj)a.noHonm grows 
easily in ({(uman solid nu'dium at 28'^ ( % 

T, anarii has laxm inoculated into baby white mie<* younger than six days, also 
in young opossmns {!), pumtjmqicnslH)^ a motduy (M» muUatn) and itito bintian 
voluntoors. Two of tlw'se remaitu^d in good health, though trypanosouu's vvau'e 
domonstraiod by blood (uilture^ b(*Uv<*en the thirt<*ent]i and fil*te<'nth month aftca* 
inoculation. The organism was found onee only in a thh^k blootl tilm, 2’he area 
where this species is found is on the river Ariari in Colombia 20 min, N. of the 
E(iuator at 1,300 foot altitude. 
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^'^olU 183 of the inliabitants examined by blood culture 67 showed these 
tiTpanoHomoH. Ono dog and a monkey — Gehus Jatuellus — were found naturally 
infecU'd. 

Trypanosoma Imisi (Kent, 1879) 

'I'liis is a coininon parasite of the rat and is present in considerable numbers in 
the bloodstream (Fig. 229, 11) at the height of the infection. It has once been 
l•o(•.ordod from man, in a fcJikh child in Malaya (P. D. Johnson, 1933). The 
trypanoMOi\ies were pro^sent in large numbers in the peripheral blood for five days. 

It is, however, non-})athogonie to the rat. Individual trypanosomes vary con- 
siderably in size and appearance during the inuliplication phase, but in the 
chronic! stage average about 24 g. The nucleus is situated at a point slightly 
anU'rior to tlu? centre of the body. 

T. lewisi develops in Ceratophylhis fasciatus, Xenopsylla cheopis, and other 
fi(‘iiH. Trypanosomes enter the epithelial cells of the stomach, where they become 
splKM'ical and grow. Ilio nucleus divides repeatedly, and young trypanosomes are 
foi-mcd l)y multiple division. These pass into the hindgut, and after two days 
bct!omc orithidia. Eventually they escape as small metacyclic trypanosomes in 
t,lu‘ (^X(!rcta., Th(‘y are then ingested by the rat, which either licks up the flea 
fjc(‘(‘H or devours the insect. IVypanosomes appear in the bloodstream after an 
incubation period of six days. 

LlfilSUMANTA 

1'he pa iusitcs of tliis genus arc found in man in kala-azar, oriental sore and the 
^Sou<b American disease — espundia. I^he leishmania of kala-azar is L, donovani in 
tlu'OId World, in Brazil this parasite has been pro visionaUy named L.cliagasi, 
tliougli its validity is doubtful. The organism of Mediterranean kala-azar, which 
is ma.inly oonlined to children, has been called JS. infantum. 

(Hitancous leLsbmaiiiasis in the Old World is caused by L. tropica^ while the 
muco-(!utaneous disease of South America is due to L. brasiliensis. Visceral 
Uuslniumiasis in dogs is attributed to L. canina. All these parasites are morpho- 
logically identical and the claim that they can be differentiated by serological 
nudliocis has not been substantiated. Possibly, differences in pathogenicity 
aft er a,rtiiicial inoculation of susceptible animals, probably the hamster, may bo 
forthcoming. 

Under natural conditions, infection of animals with the human leishmania are 
(exceptional, though cutaneous leishmaniasis has been found in gerbilles (Middle 
Asia), cats, dogs, Syrian boars and horses. The Leishman-Donovan (L.D.) body 
is a small, rouiui, oval, or cigar-shaped body from 1-3 or 4 g in diameter. It 
consists of a minute mass of cytoplasm enclosed within a delicate membrane. 
Within is a nucleus and a kineloplast. A rhizoplast is sometimes seen — a rod- 
Hbap(‘.(l body repr(!S(mting the axonenm of the future flagellum, which is produced 
oil aiiilicinl cultures and also within the gut of those sandflies (Phlehotomus) which 
s(!rv(i as intormcdiaiy insect hosts for leishmania. In the visceral infection 
ka,la-a.zar the parasites {L.D. bodies) affect the reticulo-endothelium and arc 
found, therefore, in endothelial cells, macrophages and plasmocytes, chiefly in 
tlu! Hj)l(‘en, bone marrow and liver ; in the sldn, subdermal tissues and lymphatics 
ill oriental sore {L tropica), and in the skin and mucosa in espundia (L. brasiliensis). 
In zoologi(!al tc^rms the L.D. body is classified as a leptomonad flagellate as is 
sliovvu by its development in culture on artificial media. 

Method of culture The development of Leishmania in Phlehotomus follows 

u])on the sanui general lin(!s as that of insect flagellates of the genus Leptomonas. 
In the tissues of man, L.D. bodies multiply by binary fission and, as originally 
shown by Rogers, they develop in culture media into leptomonad forms 
resembling th(i flagellates of the dog-flea {G. ca7iis.) (Pig* 232). 
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|Oully<lcN('it.|K'(l irplninoiuiil 1 \ 2l)|Cn InioMi l>y 2 (/.ill IuhnuIMi, 

iiiid iiMNUsm-i's h» 21 [i. 'iluy |»r(>.!;rcss jicUvcdy with tJu' lla|^t‘,llum 

ill IVoMt, ;Mui Hi tMiKiuvs i'\W\Uil ;i IimhIhiicn to ,i.n.‘;loni('rat(‘ in clusti'rs, or /■o,sv'//r.s‘, 
with t-)u‘if llai;rlhi (rut nilly (liiroh'd. 

^rh(' (‘nlt.nr(‘ m<‘iliiiin oi'i, finally (MoplouMl hy K(i.n(‘rs consistod of Mphani pulp 
add('d to sIii;htJ\' acidillcd (•iti‘at(‘ (ifsoda suhdioii, hut. N.N.N. uualiiiui ia Ix'ticu'. 
A smaJi (plant ity ol’ inloctrd inntrrial fVoni kala -azar, oi* Idoial IVoni a. v<‘iii, or 
siM'um d('ri\(‘d rnuii t.h(‘ has<‘ of an oriental soiv is adih'd to tlu‘ water of (‘on- 
di'iisation in on(‘ or more of the tnla's, wliich aie thiui inmhated at 22 25’ (\, 
a,nd in 2 2 diiyw lla.^('lla.teH a.pp<‘a.r in th(‘ Iluid. It is (‘ssmitial tliai haeterial 
I'Oiitiunination should h(‘ excdiKhal. 

Life-history in the sandtiy. Kmu- siue<' th(‘ (indin, <; ot li'ptemonad 
lla,^a‘llatrs in tlu^ saudlly (rhh'hnt<imi(.'<) hy Wtmyon (1912) and (lia product ion of 



232c DovcIopinciiUil forms of hviHhmttnUi iUmmutni from the Icishman body 
lo tlic critbidial stage, and clumping of the nageUated organisms. \ 2,()()ti. 
{AJti'r Wrfijfon,) 

typical orit‘nl.al sores hy t he inoeuhitiou of erusluMhup l\ paiKifthsn hy StM'gent 
aiul his (H>-w'<)rlu'rH (1921), al-timtion ha,s heist directed to the izeiius Plilrhotomuif. 

Tho pisudiar topo^Tapliiisd distriimtion of kala-a'/ar in India led Sint.on (1922) 
to sng^esti that- Phl<‘bohfnu(s (iiyrulijH's might possibly he tlu* insect- iulennediary. 
In inon*, ri'cisit years intiuisivai work hy ( ’hristopluM's. vShortt-, Knowles, Napiis’, 
Uarraud, Idoyd and Smit-li clearly thsnonst.rated that- rapid diwadoptmuit ol 
le))tomonad lorms of dmiomnl takes place, in /'. myvntipvs led on th(‘ blood ol 
kala-azar patients in India. The whole inidgnt heeonu's inleeteil and the 
tlagellat(‘s thmi pass to t-lu' pluirynx and to the hneeal cavity forming a- block 
(Kig. 21, p. 147). The distrihntion of this species of IMilidiotounis in India lairres- 
ponds with that of kala^a/air, In otlicr cudmnic anais othi'r spiadcs an* involved : 
in (Ihina, /*, ehinnim, and J\ myvnJi^ var. nioiujttlrnsis ; in the Sudan, P. 
langmm, vm\ onmlnlifi ; in ih’azil, P. itdvrfmliK-^ ; in the Meditrrraiu^an, /^ 
mijor and P. pmmioKm. and, possilily /^ 'perJUifm, 

In India, P. argmtipiiM readily itifeotH itself hy feeding on lunnan i^asi^s whim 
tho organisms oe-our in sullieiimt nuinhers in the hloodst-renm. In the Mialiter- 
ranoan area tho parasites are so scanty in tho blood that th<‘* munher of saiidflieH 
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which h(‘C‘oinc inlccfc(‘cl in ihin inannei* is negligible, though they commonly do so 
by Jc(‘(ling on dogs. '^Phus, in the Mediterranean, man is negligible as a reservoir 
compared with tJie dog. ^Phei‘e is therefore a profound difference between the 
(‘])idemiol<)gica.l cfliaractci’ of Indian and Mediterranean kala-azar. 

.Dilliculties were at first encountered by workers with sandflies, mainly on 
ac'count ol their dc'licacy and the difficulty of keeping them alive longer than five 
days after feeding. Tlien Shortt and his co-workers (1931) succeeded in 
liiinsmitt ing L. donovani to hamsters {Oricetiilns griseiis) by the bite of infected 
hut Swaminath, Shortt and Anderson (1942), by keeping 
tlu'se aandflii‘s alive lor two weeks after feeding on kala-azar blood, succeeded in 
(a)nv(‘ying t liis disc^ase to five out of an equal number’ of human volunteers. The 
sa,ndlli(‘s wcm’c kept in an atmosphere of 28" C. and, after the original infecting 
fc(^(l on a. Ivala-azai' case, wore fed on fruit juices in place of blood. 

'^Phe c^y<■lo of development can be divided into two stages — after the first and 
s(‘(‘oud blood nu^als. First, the parasites enlarge and undergo binary fission; the 
lla,g(‘IIatc lcq>tomonads form on the second day ; on the third they become elon- 
ga.t(Ml aiul active in the midgut, whilst short forms remain attached to the gut wall. 
On tlx* Jourth day they occur in masses near the proventriculus (“blocked” 
saixllly) and the fly is I’cady to lay eggs wdien ready for the second blood meal. 
P4ag(*llat(\s then move forward to the pharynx until they reach the proboscis. 
'IVaiUsmissioii now takes place so that, when the sandfiy next attempts to feed, the 
fla.g(*lla.<iOS arc clislodg(^d from the buccal cavity and inoculated into the site of 
the bite. 

Susceptible unimi^ls. Dog. — In recent years conviction has been growing 
that 1-1 k‘ dog is the priiuiipal reservoir of the disease for man in the Mediterranean 
ar(‘a. Adler stressed the importance of house as well as street dogs in Canea, 
(lrt‘tt‘. In Marseilles, (Jiraud and Borgior showed that the majority of cases are 
d('riv(‘<l from suburban residences where canine kala-azar is frequent. In 
Alg(*ria Hergent stated that the disease is transmitted by Phhhotomus perviciosvs 
IVom (log to dog and from dog to man. Hoeppli in China found that P. chinmsis 
is r(‘aclily inrected from local dogs, and that this animal must be considered an 
imporiant reservoir in that country. This was confirmed by Feng and Lee in 
Ik'king and by Andrews in Mukden (Manchuria). 

'lliroughout the endemic centre of the Mediterranean area the disease is far 
eommoixu' in dogs than in man ; e.g. in Malta out of a population of about 
15,000 dogs 10-12 per cent, are infected, whilst out of a population of 250,000 
human beings about 90 cases occur annually. It is therefore not surprising that 
then*, arc ciulcmic! centres, whore dogs are infected in considerable numbers, and 
wlx‘rc then*- are relatively few human cases, as in Morocco and Marseilles. 

In Brazil, (ihagas and his colleagues, failing to find leishmaniasis in wild animals, 
Hucctcodod in doing so in domestic dogs and cats. In Malta, native dogs are found 
iniecU'-d, especially during the summer. The majority are sick and emaciated. 
S('borrh(e.a and depilation arc most marked outward signs of infection, being due 
to t)arasito-ladcn histiocytes around the hair follicles. Infected cells are found 
distributed uniformly in the dermis and throughout the unbroken skin of the 
(‘ntii’(^ body of dogs, so much so that any bloodsucking arthropod is bound 
to ingest iideciod cells from the skin juice in the act of feeding. This 
c‘X})lainH the high infection rate of P. perniciosns and P. major when fed on in- 
fi'cted dogs. 

In Sicily and in Malta, Adler and Theodor found that both infantile and 
cyanine loishmania arc transmitted by Phlebotorms perniciosus, and those insects 
(^an be infected by feeding them on dogs suffering from kala-azar. The aldehyde 
t(*st is not so reliable as a means of diagnosis as in man. The rate of infection 
of dogs is : Algit*rs 7-1 per cent. ; Tunis ]*8 per c(jnt. ; Lisbon 3*7 per cent. ; 

30 
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Malta 1(1 JUT (.ft. ; Hi |»i* n*ul . ; Messina SI ju'reeiil. ; CaiKsi (( ^ivte) 

20 JKM* ; Jsiaiul of llyOra 17 [mt e(‘at. 

Other niiiosnials.-- In Momcan) Hk^ |larl)ai’y miuimd (A^T^^s•f/f'/ /////, s) 

has hnai round naturally iideeO^d. In Brazil (lie Texas .-ground -s((ninvl 
fmhrimUHralH,^) has Ixhmi fouiul susi-eptihlt'. TIu' (-Iniu'se sanddiaiuster 
{Crict'tulii-'i (jrisvii,s), suseeptihh* to artilieial infeetion, is a small sjx'eic's, 12 eni, in 
len.i;th and ItO ynn, in It. has a ran.!**' (‘\l(Midin.tj: I'rom l’(‘kiii;^ ini.o (Huiu'se 

i\h)n}»oIia. (JreyiKli-hrown with median <lorsal st.ripe, it. has a. short, stniiipy 
tail, liv(*s in d(‘(‘|) harrows, ffiapientin.^ eondields jind di'stroyiufj; ifrain. Tlu^ 
hamster of Syria., Pa,les|.iiu‘, {('rirdits auntlus) and tiu' i\lae(‘donia,n 



Z33.-"-I)iaj;rani illustrating*; rclatloiislilps of various genera of blood and tissue 
fiajccliates and the morpholoj^y of the various devclopincntal forms and species. 
(.‘1/hr Wvui/on,) 


H|Xiniio|)hil(‘ (VitvUufi riUihii^), the Murojx'an Houslik, ami oth(*r Hi)(‘(ues of launsier 
{(\ acmlida a, ml ('rurfiif^ crirHuft) ar<‘ v(‘ry suseeptihli*. hi tliimu tlui mnl(‘ rat 
{MyiMpahe ftwiiimvri), tJu^ ground srpiirnd {( its ({(t urines) ; in Bak^stiius the 
field mouse, ( tuenther’s voh* {Mifivlus tjuvutluri); in Hudan, tIu' gerbillt' {(Irrhillus 
pygaryus) and the white-*rumpe<l gerbille {Jar.itlus gonUm ) ; in dapan, a Htri|K‘d 
Btjuirnd eau lie infeeled. Fulton and Niv<m liavt* proved that. Ih(‘ cotton rat 
(Higmodoii hispidiis) is suseejitihle. Bolligm’ and Baeldumw' found t.luiti in 
Australian ojioHHuriiH {Trlvfiasitnis ritlptritltt. and Pst'itilorhvinis liiri(jiiui.si(s), 
various eyi* li'sionH, eonjunetivitiH, inhu'Htit.iiil kt»rat.it.iH and en.ta.raet.M an^ 
j)rodueii<l, Americain marsupinls {Pidtdphis mitrsupinlis and il/rh/r7n>/es’ 
miiUmwkim) are Kusiu^ptrihlcA 

Transmission of L. tropica also takes jdaeo tUrougli phlehotmnus, and iollovvs 
the same method ot\kvAo\mwx\imJjjh7mmii, The infective forms of leislunania 
aro inoculated liy tho bite of the sandfly, ami the n^sulting Mor<‘H liavc hwm 
experimentally reproduced by Wenyon in Ira<|, the SiTgeuts in AlgiiTs, by Adhu* 

' GuUioa-piK I«l»hmanmHlH wjih (Ikumfmi by McsiUiui (Ul*Ul) Iti H, IlnwII ami tin* partHltn is L mridtii 
(Munir, wul M(Mlin(i, llMSy Urlmarlly a cutam'ourt liiloc.Uon, It, Hjiriinda ttmniKli Uie buily via tbo 
lymphatics, 
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and Theodor in Jerusalem, by the method of inoculating crushed infected sandflies 
or by feeding sandflies originally infected by ingestion of cultures. The species 
concerned in N. Africa and E. Mediterranean are P. papatasU and P. sergenii; 
in Iraq, India and Persia, P. sergenii ; in Central Asia, P. caucasicus. In Brazil, 
N. Ai’gcntino and Paraguay, L. braziliensis is transmitted by P. intermedins. 

Nomenclature of haemoflagellates.— Four types of flagellates are 
recognized: — Leishmania, Leptomonas, Crithidia, and Trypanosoma. Certain 
flagellates have leishmanial and leptomonad stages only. When confined to the 
intestinal tract of insects they are referred to the genus Leptomonas ; in insects 
as well as vertebrates to the genus Leishmania. Others again pass through 
leishmanial and crithidial stages, are confined to insects, and are classified as 
tyj)ifying the genus Crithidia (Fig. 233). Others again exhibit leishmanial, 
(‘.I’ithidial and trypanosomal stages. When found in insects alone they constitute 
the genus Herpeioimims, but if part of the life history is passed partly in insects, 
and ]mrtly in vertebrates, the parasite is then known as Trypanosoma. 

TOXOWjASMJl (Nicolle and Manceaux, 190S) 

'rovoplasina is an intracellular protozoan, of which the type is Toxoplasma gondii^ first described (1 90S) 
by Nicollo ami Alanccaux in a N. African rodent, the gondi {CtenodactglKS gtindi). Ahnust simultaneously, 
Splcudoi'e (IcHcribed a siniilnr or^mnisni in rabbits in JBrazil. The organism, as described by Sabin and 
OliLsky in guiuoa-pigs, was found witiiin living cells, riot only monocytes, bub also every type of paren- 
I'liyniul cell, and infection could be produced experimentally by intnwenous, intrauasal and other routes. 
The oiganism is elongated, with a curved or crescent form, pi in lengtli by 2-.*} pi in breadth. It is 
point(‘(l at each end. Koiiroduction Is by longitudinal division. Ita zoological status is doubtful, 
tlases lia,vo been ri'ported from America, Ozeohoslovakia, Holland, Australia, and Italy. The first case in 
England Uasbcmi described by Jacoby and Sagoriu (1948). 

llumiui to.xoplaHinosis Wiis lirat identified in America in a case of infantile encephalomyelitis by Wolf, 

I and I'aige (Ifilfi)). fi'lu* ]iarnaitos were found mbh case in sections of the nervous system, and the 
protozoa \\ei’(( Lransniittod to laboratory animals. Subseiiuenily, some six other tuxordasma infections 
hii,ve bwn rejiorted in infant.s. It lias now also been recognized’ as a cause of mild encephalitis in older 
cluhlrcii. t/horio-rctinitia is of dingnoRtie importance, and a full account of the ophthalmoscopic range of 
varial.ions of the Ic.siuns was recorded by Koch (1013). The toxoplasma infection, which takes placiJ in 
hi'tal life, cvcitcH focul <t‘d<mia and necrosis of the retina and adjacent choroid. This is succeeded by a 
granulomatous rcuetion. 'J’ho jtrotozoan has been identilicd in tlx'se lesions, but roi’ely in the choroid. 
Ncui.ralization h'sts in rabbits with selected human sera suggest that toxoplasmosis may be more wide- 
spread in N. America than generally Rupposed. Apparently in the mouse the administration of sulpha- 
l hiazole holds the in lection in check. Lately MacKarlane and Buchman have cultivated tiic organism on 
developing chick oinhryo. In man infection in utero may take place. The mother may be free from 
t,o.\oplasma infection, though giving immunity reactions to this organism. 

It may bo that tlio pnitozoau may pro<lucc an entirely dilTerenb clinical picture. Pinkerton and 
1 htnderson (1911) descriluid two cases of acute exunthematic febrile disease similar to byplius, with atypical 
bromdiial involrenient. In one of those fatal cases the bronchioles contained macrophages distended with 
these organisms. Organisms identical with toxoplasma have been found commonly in wild birds, in 
niiee, and in a monkey ( .)/. inidaffu) (Weinman). 

t'n'iilnd rccogni/es four clinical typc.s: — 

(u) Uougeiutid or neonatal meningo-cncephalibis. 

(/)) Atypical omaiphahtis. 

(c) lk)Mt-oiicejd»iUtic. saipinln*. 

(f/) L’noumonitis associated with fever and a rash. 

tlmlcr those lieadiugs iicuitc, subacute ainl (throiiic. stages .are iueliulcd. The rieiito infection is generalized, 
involving every organ and most tissues. 'I^he losioms ai*e microscopic in size, Toxoplasma litidies are found 
1,0 prohfiu'ate in maerotihage.s, fibroblasts, reticular and sinusoidal colls. In the suliacuto the infection is 
regressing in cxl,ran(Mjral tissues, Init contLmies active or progmssive in CNS and eyes. The chronic form 
is round wlii‘ro tlieni is clinical or laboratory (wulence of toxoplasmosis. 

In trausplaeentid toxoplasuio.-ds thm'o Is muoli direct and lndirel^t cvuh*ncc of antenatal toxoplasmosis 
during pregnancy, and it is probably due to ruptured pseudocytes iniccting the Uetus via the idiiconta. 

t'or diagnosis’ t.hc skin-test of Krcnkel is used; 0-1 ml. of 1 : ,100 dilution of supmaiataiit fiuid from 
ecntriCngiMi fro/im iierltonciil exudate of Swiss mioo, to winch inorthiolatc to a final dilution of 1 : 10,000 
lias added. I njeeti'd intraderiually, the test is i>ositive when after tH-JS hours an areola persists whudi 
is bigger than O-.l cm. 

final slide ni'utrali/ation test of Sabin ami Foldmann consists of mixing equal parts of peritoneal exudate 
from Infceted mh'o and of siibfeet's sernin, incubating at 37® 0. for one hour, examining under a high-power 
microscopic ailrop of the mi.xtiire to which one drop of saturated solution of methylene blue lias been 
jidded. In i,lic absciico of antibody 90-100 per cent. o£ toxoplasma take the stain, whereas in its presence 
hsi than .10 per cent. are stained. 

A comphuuent llxation is tliat of Warren and Sabin. The antigen coiusists of the clear supcniatant 
Iluid ohtaliUMl by centrlCugai.ion of pooliul infected mouse peritoneal exudate, inacerutcd by alternate 
frce/lng and thawing. ^ 

Summers has shown that snlphomimidi'S and Hulphoncs jirotect aninials from infect, ion. Ihe protective 
action of aurcomyeln equals that of sulphatliiazoie. 

On th(‘, other iiaiid iiaru-uminobenzoh! aeid aniiigonizos the proU'ctivi* action of sulphathia'/olc ana 
i : -T (liamino diphenyl milplione. 
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rWhl SlMIUKUIJCi’KS 

Thm* (>t'! 4 .i»iisms, \J»os(' oxacl. status In the si-Ikmiu' oi’njitun' is iiuIt'h^rniinaU^ 
arc iurlu<l('(l as ;i nuiMrr ol' 'rht‘\ ar<‘ now n\i^anl(sl as IsMn.mu'arar 
to pljinl-s Mian to animals, ilioui!;li fonma’ly, t)n ancounti ol llio iiH'lhod oi tj'ans- 
nnssion oT hlood-inliaMlinfj; S|)(M‘i(‘s by lic(‘a.inl ticks, Mmy u<‘r(‘ loriiKM'ly classilii^d 
as protozoa. Anion,u;sti spiroclnoti'S \\In<*li d(‘S<'rv<‘ considiM'ation in this work ar(‘ : 
Spintr/Kvla palli({(t {h'hA> 2:M, 5)01 syphilis; Mu* (‘orn'spoinlin.ii; c'los(dy-a.llicd 
or<^a.nisms of’ yaws, *Sk ///.s', a.nd of pint.a, N. ntnilvinn. 'The organisms arc 
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I’ij?. 234. Schema of diffcrcnl forms of spirochmtes, ' : IkbOt), 

(/ly/rr Ihhcll; hy courtrsy vf Wtllromr lUti\ Sri. IU\s.) 


1 Unloapira irtrrohvmmhaqiiv (liuulu «uul Ulo) Naaudti. 0 .»uh‘ af j.umillo', 

a. i<piroe.fuv(a eummOi Wo-iw^r. (luumionly founO ta luututu f.rrrd, luilh in hoilt.U uiiif In diseaso 
(o.f;. (lyHOiirry). 

,'i, lliuuaii red l)l<s>d-eai'iiUHelo an Hitme seme. 

‘t, Huirorhit'ta rrntrrrHlin Leber {: -.H pirn’ fun (t tthmurirri (NiluU. Oeeurs in bleiul in reliin-nn,*: fnvor. 
r». i<pirorhirta jutllidn (Hebuudlnn) Vuilt'inln (- Trrptmmu Sclmmllmn, SypldlK 

U. iSpiriH'lurta grarilr LovadlU ami Staueso), Idniml oti evlernsd Kciiilidla, in heitltb and in vurUmn 
diseaHod entidiUoim. 

7. iS>irw//a*/a Tf'frin{jrns Hebaudinn (emend,). Oeoim In jiyidiilltle io.lnnn im e,\ttrnnl (^nnltidla. 

Hinall, r)-'d4 (jL ill and arc composed olnumcrotis n‘).(ularly dispostai cork- 

H(a' 0 W‘UUc spirals of an amplitude of 1 p.. 'rhe c.xinunitit'H art* pt>intt‘<l, tlu* spiralH 
wavy and r(*p;ul)ir. By aid of the cl(‘ctrt»n microscope th(*y art* hih'u t.o pohh{*hh 
da^^olla, and possibly an undula-Ung MU*mhranc. 

Somewhat similar m)U-})athoKcnic spta'ics art* fouml in tlu* mouth {S, ilmtiimi), 
throat {S. vinmiti) and bronc-hi {S> hmn.cliM'ifi), ^riuw* tirpuusms havt^ htnui hold 
responsible for “ brontdual spiroehietoHis,” Otlu*r somtwhat similar Hpcci(*H aro 
found in the inUmtint* (Ak (mgyrata) and wort' onct* thou^lit to rist* t.o Hpiro« 
ch^etal dysentery d' Larger sjJCieit'H with witka* curves tire rccogui'/eti < lu uletu'ating 
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surfacos — 8. refringens^ 8. gracile on the external genitalia, and 8. schaudinni 
in tropical ulcers. 

The larger forms of spirochceta are more flexible and snake-like. They comprise 
the pathogenic blood spirochaetes, the organisms of relapsing fever (8. recurrentis 
(Fig. 234, 4), 8, duUo7ii, 8, sogdianum, 8. hispanica, and other allied forms). 
In birds (geese and fowls) similar parasites cause a fatal blood disease. The 
organisms are 8. anserimim and 8. gaUhmrum respectively. 

The human blood spirochsetes are transmitted by ticks {OrnifJiodorus) or by 
lic;c {Pcdicnlvs) ; those of birds also by ticks (Argas). All these spirochsetes 
jH'ogross by corkscrew action resulting from revolution on the longitudinal axis. 

Leptospira (Noguchi, 1917) includes the type Leptospira iderohceonorrhagice 
(Fig. 234, 7). Those organisms measure 7-14 p in length, with pointed ends 
a,nd a spiral amptitude of 0*45 p, and exhibit one or more gently indulating 
curves. There is no terminal axial filament or undulating membrane, but 
usually the end is bent inwards in the form of a crook. Two main pathogenic 
Hpoc;ics (with variant forms) arc recognized: L. icterohcemorrhagice of Weil’s 
disease, and L. hebdomudis of seven-day fever. L. icterohcemorrJiagicB infests 
the urinary tract and liver of rats, and may possibly also occur as a free-living 
Ibrm ill water (Zuelzer). It has also been found in the roof-slime of a mine in 
Scuhland (Bui^hanan). Tt is highly pathogenic to guinea-pigs. L. caiiicola is 
Ibund in dogs and is transmitted to man, especially in Holland. L. hebdomadis, 
on the other hand, occurs as a natural infection in the field- vole — Microtus 
woiifehellol in Japan. 

The si)irocha?tes reproduce by simple transverse fission. No sexual phenomena 
have been observed in any spirochcete and the life-histories of all are simple, 
{^omc observers have held that spirochsetes have a granular phase during which 
they break up into minute granules which are capable of regenerating into 
Hj)iro<‘ha3tos. 

The organism of rat-bite fever — ^formerly Spirochceta morsus muris (p. 207) — 
is no longer classified as a spirochaete but as a spirillum. The correct terminology 
should be Spirillum minus (Garter, 1887). The synonyms therefore are : Spiro- 
vfuvUi laverani and Spirochceta muris (Wenyon, 1906). 

INTESTINAL AMGEBiE 

JCnfamceha histolytica (Sciiaudtnn, 1903). Synonym E^idamoeha dysenterice 

(Fig. 235) 

I ndividuals of E. histolytica vary in size ; usually the active forms are 20-30 p 
in diameter ; when active, they push out characteristic hyaline pseudopodia. 
I’ho movements are in one direction, causing the protoplasmic mass to glide 
across the mic;roscoi)c stage like a “ slug moving at express speed.” (Fig. 69, 
p. 496.) 

I’hc cytoplasm is divisible into two zones: outer, with clear ectoplasm; 
inner, granular endo])lasm. 

'■i''ho nucleus (4-7 p in diameter) is usually invisible in the living state ; when 
Htain(‘d it shows a dot-like small central karyosome and peripheral chromatin 
in the form of fine granules ; the nuclear membrane is a clear area marked by 
radial linin network. 

Vacuoles are not present in active living individuals, but in degenerating 
trophozoites. 

Largo active cntamoebaB, vegetative or tissue-invading forms, are found in 
the intestinal wall, mainly in tissues at the bases of ulcers, where they multiply 
by binary fissio 7 i, ingesting erythrocytes, leucocytes and tissue cells. These 
are the main distinguishing features between E. histolytica, E. coli and other 
non-pathogonic species. Further, in contrast to E. coli, E. histolytica rarely 
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inLvoaks Ti.sn.Hnv H.hn« f..rins r.r.rs.-nl (hr mo.4 i.divr ph.sr of 

din-rlopnirMl. Thr^ a.v iinnoalU foinul in (In' «nlln ol (hr uK.'Mmnl nlrrr>., 
in (Ivsriilcnn I'n'nrn, n.nl in inr(.nsin(ir Irsh.ns in liinr. liv.T oi' othrr oruana, 
\nnrl.ir .lv«'nl<'rv .'an hr (l■ansml((rll io Kiiirtia. .Iniia, rtiinra |n,i;a, nnnikr.ya 
•uni rafs Aiinrl.ir' lirpaiK is has hrrii pnahirr,! in hanislrrs irrhis 
hv lirinrHsoii and Tlnnn|is..n (IKal). .I.mrs (1(111;) and (l.inilvMn (1(»I7) have 
l■rl>|■n<lnrrd l.\|iiral aan.rhh- ulrri'a(inn nf (hr ra'rnm <>l \uinrj: «hi(r m,(a hy 
iiilmra'cal in'ii'rlinn urrnllnrrs nC hiM^hllict and also 1)\ ni,i<'r(in« ilysmlrric 



PiR. 235 . -liitinmifhn fn'sAi/.v/(V«. .■ i;,a(tn. (.l//r/' IhMI.) 

I, Artivr imiirliaM (rrm wit-h (narnl'i'il I'rii (iiiHM(’i'i*i|iii'H'irii. *.!, I'ninurjciitr ry '.(■. II. lUntirlr.ili' I'vafp, 
4 (.luwiriimrirair (■, guailr(mic'li'a(r ryi.t. r.u-r, can In iluunrirr, Nnlr .■nilml iliMlnml 

kjir.voHoiiui In Mu* luu’luut. 


HioolH of artifu'ially initn'lcd rirnratbu pyidcnt in liourn. 

(^amn'a aii(i KauHt* liiul ar<* Musih in(('(*tr(l by intn»iI<Mil injection. 

Tohio haa rabbitw Uy inlrn(m>plmj.M‘al inorulatinn. 'Pbouf^li rlos<‘ly 

rowMublinp; IL muri^, cMinmMii parawitt* oftlu* rnt, Ibisaiiirual has lasai louiid 
iiai'iurally inftadiod wiU) A’. hhtoUjtU'H in I’.S.A., IbisHiji^ ninl now in wild rniM in 
London, in (dow* assooiation with human nuTitTs of H, hlMiftint I'vsls (Nh^al). 
'Fho iinportaiKS* of this siibjtadi has mnudly bcou n‘ omphasi/ad by llu' sana^ 
author (1 951), wh(> has adtlm-od further that tlu' sewtu^raL IL vomulrm, 

plays a prondrauit part in tho diHSoniinalion of nnunbic dyM<Mdory, Kroni a 
sttuly of tho ladiaviour of A/. hlHtuhjiim in this rodent- as well as in inaiu lloaro 
now boliov(‘H tbati /</. hintoiiftim ran no longer b<‘ repu*d<al as an (d>li^^atory tissua- 
parasito ; but that it also has a Ha.prcjphyt-i(‘ <*oproy,td<‘ exist (‘tu a* living as a 
oommonsal in tlu^ hniH'n of tlu‘ gut, hauling on iniiTo-organisfns and othm* faHiiil 
ooutonfcs. Ah sbow'n by lioan^ a fair proptul-ion of tdu' <‘ntum(**bjn contain lood- 
vaouoleB onclcming bacteria. 'rhiH explanation talUrs with (dini<*al tuKpericmoo 
in symptomless cyst carricrH whom it is (uisy to tunxi of tluH inlbrtion with drugs 
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wliich oxcj’t no influence on the tissue-invading forms. There appears to be 
ovciy gradation between these two stages in rats as well as, probably, in man. 

Precystic forms. — Precystic forms develop from the larger entamoebae by 
division, giviiig rise to small daughter-amoebse. These are sluggish, with cyto- 
plasm devoid of food vacuoles, and vary in size from 5 to 20 /x. The “ mmuta ” 
fomi; 12-14 fi, is smaller than the tissue-invading form. They ingest bacteria 
and resemble a similar stage of E. coli. The presence of food inclusions 
distinguish them from precystic amoebje. Minuta ” forms hatch out normally 
iVom the largo race of E. histolytica living eommensally in the fjeces. 

Cysts. — Cysts of E. histolytica in fresh material have a greenish refractile 
a])poarance. Sometimes on this account it is difficult to distinguish the nuclei, 
though chromatoid bodies may be clearly seen. It appears that there are two 
races : small, with mean diameter of cyst 7 fx : large up to 11 p.. The small has 
bo(Mi considered non-pathogenic, whilst the large race is distinctly pathogenic, 
but l.his lias not been absolutely proved. By some the small race is known as 
E. harimanni from which sinall trophozoites hatch which may be mistaken for 
minuta forms. (Kig. 235, 2-5.) The mature cyst is quadrinucleate and 
commonly contains within its cytoplasm refractile chromafoH bodies. The 
at flrsti contains one, then two, and finally four nuclei, which retain the 
E. Iiistolylira chara^cteristics. A glycogen mass is also present, showing up brown 
with iodiius but both these features gradually disappear after the cysts have 
bi‘(Mi voided in the lieccH. 

Mivturo cysts do not undergo any further development in the intestine and, 
und(‘r normal conditions, do not hatch there, but acute infection of kittens 
cjm readily ]TocIuced by intra-rcctal injection of material containing them. 
'Plui ])roc(^ss of conversion of the precystic form to the fully-mature cyst takes 
])lace in the lumen of the bowel and occupies a few hours. The quadrinucleate 
cysts can survive in the bowel for two days, but do not hatch until ingested by 
a new host. It has been suggested that some substance is present preventing 
further dovclopinont. Fluid is apparently necessary for exeystation ; but from 
tile (piadrimudeatc cyst a quadrinucleate amoeba emerges, subsequently dividing 
by nuclear mitosis into eight unicleated individuals. This normally takes place 
wlum cysts are swallowed by a new host. The composition of the cyst wall 
nmdera it impervious to the action of the gastric juice, and exeystation normally 
takes place in the alkaline contents of the small intestine. The generally accepted 
method of determining vitality of cysts is their capacity for taking up eosin- 
stain. Dead cysts stain with weak cosin solutions, whilst living cysts do not. 

Culture.— Cultivation of E. histolytica, in either active or cystic stage, on 
artificial media, can be effected on soMified egg slopes covered with horse serum 
a,nd I^inger’s solution. The addition of a small quantity of rice starch to each 
till be greatly aids the grow^th of amoeba), which ingest the granules. The cultures 
a,r(‘ k(‘pt at 37° C. and should bo re-inoculated every two to four days. Sub- 
cultures have boon maintained for one hundred and fifty generations and are stiU 
capaJ )le of producing amoebic dysentery when injected into kittens. The student 
siionld bear in mind that the appearance of amoebie in cultui*e is somewhat 
alticred liy tlio starch granules they contain. Fuller and Faust demonstrated that 
dilution of aureomyc.iii \om ihau 1 ; 100,000 inhibits the growth of E. histolytica, 
and eheitks the growtli of bacteria. It is concluded that this amoeba grows in 
auriMimycin as well as in penicillin or streptomycin cultures. 

\ f starch is withheld from the cultures, if, in subsequent cultures, fresh blood 
is introduced, the amcehse ingest red blood- corpuscles. Cysts in fseces stored 
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Row V\. 


S'TINAI. iMU)'i'()Z()A (I'lishiiin'ii) 


1 . Artivi* form witli rcrl 

lihKMO('(trj)us(*l(‘.s : ^ramilnr (MuloplaHin 
ainl cli'ar ri*lopla.sTn, 

2 . i’orm : iiotr lart^<' iuu’ 1 <mim with 
(MMiti'al knrynri(»m(*. 

Iniinatun' t*yst with two uiirloi juul <’on. 
tainoO rhroiuaioid 

1 . Matun' iwst. with four nu(’l<'i, vai’imio anrl 
<'hrotuiitoi<l roha, 

r>. I hunucloatoh <’yat of tiu' ininuta form. 


eoh. 

1 . A('liv<' v(‘i't'tativo iorm with ohar:M‘ltM‘i;iti<' 

norl(‘Hfi, Itliint pajMKlojHHlium and profto 
plasinir vaouoloH with food tnat<‘rial. 

2 . Pnavvatia form with diaractoriat io rntdatia, 
Imniatairt' Htaj!;t‘ witli two ntmloi ami 

viumolo. 

• 1 . .Mailin' t'V’Ht with oi,wht niirhd. 


vami, 

1 . Al’tivo vi'polativt' (drin with ono nurhniM 

aiul many small vaiMiolos, 

2 . Maturo ays't with hair uiioh-i. 

UnUunwha buisvJi/ii, 

:h Aotivo vcj,p'ial ivt* forin with ono mmh'UM 
aiul vaonolos. 

■ 1 . Malairo oyst with ono nindotia atal largo 
vaouoh', 


(liardifi iiitvsfinriliH. 

1. Aot ivt' form w itli Huohing diso. 

2, A(*livo form (siih' viovv). 

2. Oynt with four rooontly di\'i<hal nnolot. 
■1. lAmr nuoloaioii oynt (oiulon viow ), 


7 Y\(dmmon>m I land ii is . 

1, ‘ Aidavo foi'in with uniluhiiing inoindrnni^ 

luul HU{>|)ort 4 tig roll. 

(JhMomMsbm mmdlL 

2, — Aetivo form with poristoino and oonl^ainoti 

f la, ^<11 am* 

;h lhair-Hhapod iilinvo, 

4, f), (h VaiiouH formH of hmiiink. 
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Plate XXIV 


INTESTINAL PROTOZOA (Stained Woigert's 

Iodine) 


How A^- Kntmnaiba histolytica. 

1. — Procystio form. Xoto diftuse iodine-stain- 

ing substance. 

2. — Immature cyst with two nuclei and 

chromidial rods. 

3. — Mature cyst with four nuclei, iodine 

vacuoles and chromidial rods. 

— ^Quadrinucloatcd cyst of the miiiuta form. 


liow Vhita7iiOGba coli. 

1. — Active vegetative form with vacuoles and 

ingested food material. 

2. — Precystic form. 

3. — Immature cyst with two nuclei and 

vacuole. 

4. - -Mature cyst with eight nuclei. 


How (o- hhidolimax 7iana. 

1. — Aciivo vegetative form with one nucleus 

and ]>rotoj)lasmic granules. 

2. — Mature cyst with four characteristic nuclei 

a.nd iodiuo-Htaining substance. 

Io(la7nmha hiitschlii. 

3. — Active vegetative form with one nucleus and 

iodine-staining vacuoles- 

4. — -Mature cyst with one nucleus and iodine- 

staining vacuole. 


How Dx- Giardiaintestinalis. 

1. — Active form with sucking disc. 

2. — Active form (side view). 

3. — Cyst with four recently divided nuclei. 

4r. — Poiir nucleated cyst (end-on view). 

Row Ki. Trioliomonas hominis. 

1. — Active form with undulating membrane, 

CJdlomastix mesnili. 

2. — ^Active form with peristome and contained 

flagellum. 

3 , — ^Pear-shaped cyst of above with nucleus and 

peristome. 

4, 5, 6k — ^Various forms of Blaatocyatia hominis. 
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4— ()"’ ;nul fultiirahh* as Iniii; as liftt't'ii (lavs. Ac(‘()r(lin^r 

to Oobi'll, s\nil)i(».sis (‘\ists l»(4\\(‘i'n a.Mni4»;»‘ .-ukI a. l>a<'(.(‘rinin w hicli is ruaa'Hsary 
for (‘McvsI^niViil [r(niririinn). bL hlstuhjiica iti cnlliin' is ('Ntnandy staisit-ivo to 
(MiK-tiiK', which (h'stroNS (lu'iu within loiir (la\s in tlic stn'inilh of <ni(‘ in tivo 
itiillinn. \mn‘hinsis ni;i,\ lie roprodniMMl in cats, iloy's and rhnsiis luoiilvoys 
{M(triH'<i Niidiillit) an<l U) a h'ssta* rxtnid in lh<' .unin(‘a pii’;, rahhit and ra,t., liy 
inj(‘ctinn (►!' (Milt iiivs. An anmdia naturally hnind in anthropoid api'S, nia(‘iupios 
;ni<l other nionla'vs is probahlv idiaitit'al with the Iniman spisdi's. h\ rtnianim 
of tJie IVoii, is in(*rpholo.L!,ieaIly idiaitieal, Annehie dysi'nti'ry in tho kitton is 
sinaav. 'TIk' nineosa of tJu' w lioh' of the Iare(‘ int<»stine is alleettal, and, in 
animals tJia4 survive, haelcrial infeetion ol’ (hi* bloodstream, derivisl from tho 
intiestine, ensues. IMetaslalie amieliie abscesses of the lisi'r are not inlVtajiii'ni 
in the eai, rari'ly in t.he doij;. 

Phillips (Pdatl) has shown that eulti\ation of b!. Jnstoh/tiro in the absenei^ of 
ba.(‘t.eria, lails, thon,uh “ pun* mixed " enltnn*s with a siu'de spi'eii's of hai'teria 
can hi' olitained. An indireet approaeh to t he solid ion of this problem has bi'cn 
attained by enltivatiniL!: AA hisftihftlva with livinu; or Uillt'd rrnrj, 

d'hi'si' ari' iiirown in mierotiihes {4 50 mm.) in a medium of t bio, glycol lati* 

pri'paration, horsi* serum and an overlay of N.l.ll. inedinm eontainino ji rich 
eidt.ure of trypanosomes, (hilturi* of the aimelia, in’own in tlnoLdyeollati'-Ni'rum 
nu'dimn in tJii* pri'si'uei' of penieilliminhiliiti'd st reptobaeilli aiv inoeulated 
into teslrtaibes wit.h tJn* preeediiU’ medium eonlainini^ ('rn'I. The anindm- 
trypaiiosomi* eulinri's are maintained in 15 passaiui'S of subinoeulat ion ati 
inU'rvals of tS hours; pi'uieillin hi'inij; added to ensiiri' eliminat ion of ( he stri'pto- 
baii'ilhis. iMieroeidtui’i'S of A', are s(.arted from sin,i;Ie washed aiiiiehai 

\vhi(4\ are transferri'd by miero isolation to mierotiihes eonlainin.!.^ tin* above 
nualimn with trypanosomes, and in the.se I'ultnres aetive annelia' can hi* sei'ii 
for I'en days. It has been proved that animals reared in sterile conditions 
cannot^ be infi'eted with H, 

P(*es, |{(‘ardon and liarljL'is (H)5t)) hav<‘ shown that AA is capable of 

Imiehinj^ from cysts in tin* ah.sema' of fiaeteria, when complex oruanie suhslances 
ar<> luhiiMi to (hi^ nu'dium. lAxevstulion proetsMli'd viu’y slowly in inorpuiie 
media, without- liicarbonat-es, was moderate in inorj^jaide tluids with hiearhonat-i's 
in jjjlncose, but- was best- in media- witli hiearlionates and all oi>anii‘ <‘om]»onnds. 
Tlu‘ pres(‘nee of amino-ai'ids is essential. 

J’Jnfamit'hd iliaimr Is l-ln' jcmu' of n ** i»Iivh1o1‘«!1c»1 iijmtm'' cli,impi<*ncil t»,\ UnMUpt. whirli it- to lu'i 
iiou-1)!lUh>';ciiu‘, uIIm'iI, inorpliolo/lloilly imllotlii.'ruuhatilc liuiu TlU'i claim I-- nut, adialtU'il 

hy inesl- ont.lu»ril.irM. 

KNTAMIMBA (‘Old 
(OuASst, IS70). (Kig.^dd) 

Unlike /A this a-mmba. does not inva<h* tissues ; it is therefore ii non- 

])athogeuie- spts’U's and a ba-rmk'ss eonimensal in tin* intestinal tra-et of man. A 
similar aimxiba is found in monk<*ys ami rats. 

/A coli is a V(*ry <'ommon parasitic in tin* tropies and, \vln*revt‘r sanitation is 
jirimitive, it is probable i.iiat no intUvidual eseapes iidetd-ion. On t-ht* avenigis 
/A call is larger than /A bi>st(di/tim^ hut varkss greatly, 'rin* aetivi* vi*g(‘t-ativo 
stage measures from H) to 40 p., hut is usually 20 dO in diameter. It normally 
lives in the large initestine, does not invadt' tissiu*s, htd- di^velops in intestinal 
contents, where it ingt‘sts ba.et(*ria, yiuists anti ot.her materia-I. 

Generally spcuiking, movtuiumts are taut*h mon^ sluggish than Oiost^ {>f /A 
hisiolylica, and the individuals art* less aetivt*. dhe organism do<*H not move 
across tho slide, but rtnnaius stationary. The tietnplasm is not elearly dtdhu'd 
but is reprosentod by a supertieial eh'artw ar(*a nuTging into t4ie (mtlojihiHin. 
This is extensively vacuolated, anti food vatiuoU^s contain baet-cria, yeasts or 
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even oysts of other protozoa, such as E. histolytica^ Giardio- and Isospora. Red 
blood corpuscles or tissue elements are not ingested. In general, E, coli is faintly 
grey, contrasting with the greenish tint and higher refractive index of E. histoly- 
tica. Sometimes individuals show various fissures or rectangular vacuoles repre- 
senting degenerative changes. 

The nucleus, compared with that of E. histolytica, is larger, coarser and more 
easily visi})le in the living organism (Fig. 236, 2). The chromatin granules on 
the nuclear membrane are relatively coarse, and there are others on the linin 
mdwork. The karyosome, larger than that of E. histolytica, is usually eccentric 



Fig. 236 . — Eniamoeha coli. 
X 2,500. {After Dobell.) 
1, OyHt with eitihb nuclei. 

3, Active aincBboid staj?e with 
luf^Qsbecl food niateriul. 
Nolo characteristic nucleus 
with excentric karyosome. 



2 


2 


in ])osition, surrounded by a clear area intersected by linin network with chro- 
matin granules. These nuclear characteristics are best seen in fresh specimens, 
but arc obscured in degenerate individuals. E. coli reproduces by binary fission, 

Precystic forms.— Before encystment the amoebae undergo reduction in 
size, with the result that precystic forms are especially difficult to distinguish 
from those of E. histolytica, but are usually larger. Precystic forms are probably 
formed by division of larger individuals. 

Cysts (Fig. 236, 1). — The cyst wall is secreted round a spherical precystic 
amoeba. Individual cysts vary greatly in size, from 10 to 30 p.. Like E. 
histolytica, E. coli is a composite species consisting of a number of races dis- 
tinguished by the dimensions of the cysts. 

The cyst is at first uninucleate, the nucleus having the same characteristics 
as that of the active form. It divides repeatedly by mitosis, the nuclei progres- 
sively diminishing in size as their number increases. The quadrinucleate stage 
is passed through very rapidly and is therefore rarely seen. The mature cyst 
is typically octonucleate. Immature binucloate and quadrinucleate cysts are 
occasionally scon, even supcrnucloate cysts with sixteen nuclei. The binucleate 
cyst frequently contains a large (luantity of glycogen, which replaces almost 
the entire cytoplasm, but this usually disappears before the quadrinucleate stage 
is reached. 
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inlrslhifil wall. Kneyst ^ fa'ia'S. KncyslnnMit. and 
iiH'iit. and torination of I, I'ornialion of 1, 2, and 
2, and 1 nuck*ali*d splicri ,4 nncI(Mt('d oval cyst.M 
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Chi’omatonl hodii'Kj (dinmudoid bodies not 
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Climniaioul fniiUns an* nsnally not pn'sent, Imt, when they an*, tlu'y app(*ar 
as small iJtnundar, spicular or roddike bodit's, more t‘S|a‘t‘iaJly in the biuuehadi^ 
sta^i*. In tflui maiur<^ octoinick'ate form they may occasionally In* s<*cn as pointc'd 
ihn'ads or splinters, t.hus dilUcrinj^ from t-hc .stouter hodi(‘s with Idnntt'd t‘ndM 
common in /o’. Iiislali/lira. \Vlw‘n hnt.ehiuju:, an octonm'lcatt' .anneha <*scji|)ch 
from tin* ey.st atid ^iv(*N ri.si* t-o eijyjht uninnch'ate aimehnhe. 

The life history of /t/, roll n‘S(‘inhlcH Mial of /'/. fiistohflint , (‘jicept t-lmt- the 
veg(*tative forms inhabit the fa*c(‘S, instead of tin* tissues of its Imst. ’rius 
prot(W)a.n may lx* eultivati'd, but witli dillieulty, on the snnic media as an^ 
(employed for PJ, histolylini. It Is not nitTeeted by emetine. 

Incidence.' '/?. coli is eomnum in man in U‘mperHti* y.nn<*.s ns w(*H as in tlu^ 
trojiies, ai\d found in about 15 per <*ent. of normal ptxiple. It is inost reaihly 
soon in dysentt'ric ea-ses wiili dtarrlKna. Sonu* tnimkeys harlionr a parasite 
closely resembling it. 

Coundknmm luflmri is a naitm which Kofoid proposed for an atmeba in 
hxmian fbecs, thought to be distinct from ndi, but acdually reprt'St'nting a-n 
aberrant form of this Hpeci<*H, 
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Eniamaba gingivalis {Gros, 1849) (Fig. 237). 

I his aniojba is of interest, not only for its occurrence in the mouth, but also 
because it was the first to be discovered in naan. The claino that it might prove 
to be the cause of pyoi'rhcfia alveolaris has been disproved. This species has 
been lound in })ulinonary suppuration by Sutliif and others (1951) by broncho- 
sc{)])y. I he importance of this lies in its dijfferentiation from E. histolytica. 





Fig. 237. — Entamo'ha gin- 
i/ival'is : active amoeboid 
form with eccentric nu- 
cleus and ingested bodies. 
X 2,500. {After Dobell) 



Fig. 238. — EndoUmax nana. x 2,500. 
{After Dobell) 

], Active amoeboid form. 2, QuuJriimcIeate 
mature cyst. 


E. (jiiigioalis is a small species wdtb great variations in size, from 10 to 25 (jl. 
As in E, histolytica, endoplasm and ectoplasm are sharply differentiated. The 
cyt()pla.sm is occui)ied by food vacuoles, and peculiar inclusions of a greenish 
ndractiio a])pearanco of undetermmed nature, which may be the remains of 
salivary corpuscles or polyjuorpbonuclear cells ; there are also numbers of 
ing(‘.sicd bacteria. 

^riic nucleus is similar to that of E. coU. It is 2'5— 3 (x, spherical and vesicular, 
but slightly smaller in proportion to the rest of the organism than in E. histolytica 
or IL coli. The nuclear merahrano is a definite structure, and is lined with 
p('ri[)heral chromatic granules. 

E. gingicalis probably reproduces by binary fission, although all intermediary 
stage's have not been studied and it is probable also that it docs not form cysts. 


EndoUmax nana (Wenyon and O’Connor, 1917) (Fig. 238). 

iiiis is a Tion -pathogenic species commonly inhabiting the intestinal tract of 
man (mainly of the large and to a lesser extent of the small intestine), especially 
in the troificis, and it is of importance because the spherical quadri nucleate 
cy.sts rcsemblo those of the small race of E. histolytica ; moreover, it is found 
in 33 ])er cent, of dysenteric or diarrhoeic fneces, and is often very abundant indeed. 

E, 7iam is a small species, ()~12 p. in diameter ; it has a characteristic vesicular 
7iuckus with a large irregularly-shaped karyosome. It ingests food granules 
juid bacU'ria, but not rod blood corpuscles or cells. Its movements are sluggish, 
but it may become quite active on a warm stage. 

The cysts (Fig. 238, 2) are of approximately the same size and appearance 
as the acitivo form. When fully mature they have characteristic nuclei and 
contain a few refractilc granules, but are devoid of vacuoles or chromatoid 
bodies. Sometimes they contain glycogen, especially the binucleatc forms. 
In shape they vary from that of a typical oval to a sphere. Small individuals 
mcasurt^ h ju. in diamei(*r. Occasionally, they contain small filamentous rods or 
granules. 
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E. iidiia is .(ri,iit)lv n^si |<;i( hoj^cni** and is not juikmj.'iMc' to (Miu'liiu*. This 
spofios has hroa sufccsstiillv (-nllnrrd on .s(*riini and nu'dia. 

bidschlii { I*rowa.'/cK, IDIl!) (Fit:. 2*iU). 

Cysts otlJii^ sp<M'i(‘S h;vv(' long luani kiiovvn in man as '' iodim*/' or !. cysts/’ 
uhiisi' similar orga.nisms an‘ t’onnd in llic fjcci's of monkeys and pigs. 





i Z MAS^ 

I'lg. 2,T>. loiltimdbd hHtni'hlii. \ 2,r>00, (d/hv Pohrll.) 

A<'(.iv(' (iMKcltdiil fnna \vill> niiiTo oi-Mni ov.. Mulio*' cvil, "ithluK' 

t'ant.iiain*; tirTi* lothmv.l.unma ai.ou 

/. hithvhlii is small, int(‘rinc(liat<‘ in size h<‘t\N<M'n E. ruli and E, mtna, ni<‘a,sunng 
from 1)'20 (jl in diaam'Un*, tihougb smaller imlividmds, h [t. in ,siy.('» may oeeur. 
Jri form and lialiit it. n'sembh^s small speeinams (d* E, 'Pin* eyi.oplasm 

eont-ains food vaenoles with laieteria, and (Mher food parti<’l(*s. 'I’lu're is no 
mark(‘d dillenadJation of (*eto. ami <‘mh»plasin. Tin' movamienls are sluggish, 
liko tlioH(‘ of E. i'olL 

d’h(' '/o/r/r/av, which is oft.eii indistinguislmhh' in speeiimms containing mimy 
food gra.nuh's, is large*, being in diannder one hairt.h to um' tifth of the* whoh* 
organism. 'PlK're^ is a. large eonspiemms karyosonn' which has a dianu'ter of 
oiu' third to om* half of tlu* nucleus. 

The n/.v/s are* uninueh'ate*, fri'cpumtly irregular in otdline, nu'asuring 7 15 g 
in diamet<‘r. 'Plicre is a. distinct e*yat wall, and inside tlu^ cyst is a ronndeMl 
r(‘fnie,til<^ hotly witli a niunher of small volutin granules. 'Plien' is ttsually a 
large and eitause^ glyeog<*u mass whiedi shows up clearly in iodint' solutiori, ami 
HoineiimcH t'ven two or thn^^ se'paraied masses may In'ohserveel vNithiii th(' Siiine 
cyst. 

Thce.yst nucleus, (‘eeuMitrically phuMsI, is (uunpara lively large, 2 2 p in diameter, 
W'hilst Ui<^ lalryoHonn^ which is eemtrally plaee'd in the* ntudei of the* pn'eysthf 
fliage, gradually jjasses, during eneystmeni., t.o tln^ fu'riplu'ry, showing up as a 
large coinpaert mass in (‘lose contact with the* mieh'ar mendn*am'. 

It is reniarkahle that very large numhersof cysts may ht‘ present- in tlni fleet's 
without any ovidoms' of fna? formH. The matun‘. unimu'leatei t'ysts, save for 
the disapfiearanee of tlu^ eontaim'd glycogen, do not tind(*rgi) any furtIuM' ehangt's 
outside tiu^ human body. 

It is estimated that L hiilsvhUi occurs in 5 pt'r (umt. of human fieei's, most 
commonly in tlu^ tropit's, and is found, not infnaimmtly, in assoinatiou with 
E, Imtolyliai, Jioth the active forms as w<dl as tht* cysts are anumahlt' to ('metirw 
and emetine bismuthoiis iodide. This tinunha has lu'cn eultivaU'd on egg 
medium and Locke’s solution. 

Pathogenicity *""A unUpui geiMu*ali/*od ajumbiasis dm^ to UHlmnwha hutHchlii 
in a JapancBG prisoner of war has b<‘c*n doHcrib(*.d by Derrit^k (194H). 'Phis 
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differed from any known infection of E. histolytica by the extent and bizarre 
nature of the lesions. These were — ^ulceration of the stomach, small intestine 
and colon. Metastatic foci were present in the brain, both lungs, gastric and 
mesenteric lymph glands, but not in the liver. In most of the lesions the amoebse 
occuri'ed in enormous numbers. In all tissues they had the same morphology 
and varied from 3 ju to 12 by 9 /x, on an average of that of a leucocyte in sections. 
It is conceivable that a set of circumstances arose when the host’s resistance 
was much reduced which caused the amcebfe to invade the tissues — that there 
was a ])rimary infection of the intestinal tract from which the amoebje spread 
1,0 oth<‘r organs. The invasion of vessels, arterioles, venules and lymphatics 
readily (‘x]>lains tlic widespread metastases. It is suggested that primarily 
there was a lieavy infection of the fseces with 1. butschlii. 


Dieniamodja fragilis (Jepps and Dobell, 191.S) (Fig. 240) 

This is a small specie.^ which may measure 3-6-12 p, but its usual size is 
8“9 g . ; it inhabits the large intestine of man and has also been found in monkeys 
(macaques in the Philippines). 











Fig. 240. ^Dkniamoeha frmjiliSy uninucleate and binucleate forms. 
X 2,500. (After Dobell) 


It is very actively motile, throwing out pseudopodia which are lobed and indented. 
Kat^li arna^ba is typically binucleate. The spherical nucleus, measuring 0*8-2'3 g,, 
contains six chromatin granules. The two nuclei are connected by a thread 
(cmlrodvsome). In fresh preparations the amoeba rapidly degenerates and 
vaeut)les form. It lives exclusively on bacteria and small micro-organisms, and 
is ap])arontly amenable to emetine. No cystic stage is known. 

Dobell has brought forward evidence that this amoeba is closely related to 
the flagellate Ifistomonas meleagridis (the parasite of “blackhead of turkeys”) 
which normally lives as a flagellate in the caecum, but can invade the liver, where 
it assumes the amoeboid form. 

Parasitism , — Most human amoQba3 are liable to bo parasitized by a fungus — 
Sphariia — consisting of a small spherical mass of coccus-like bodies, which are 
rofractilo and occur within vacuoles of the cytoplasm. 


INTESTINAL FLAGELLATES 
Enteromonas hortiinis (Fonseca, 1915) (Fig. 241, J-L) 

Synonym. — Trkercomonas inlestinalis (Wenyon and O’Connor, 1917). 

This is a minute but very active pyriform flagellate, measuring 4-10 (x by 
3-G (X. The posterior end is attenuated to a fine point. 

The nucleus is single and vesicular, and thi*ee flagella of equal length arise 
from a blopharoplast. A fourth flagellum runs down the margin of the body 
to the posterior extremity and ends in a terminal lash. The combined move- 
ments of all tlioso produce a sort of “ hovering effect ” when in full action. 

The cysts are small, oval, with a distinct cyst wall, resemble fungus spores, and 
contain iodophilic rcfractile bodies. This flagellate can be cultivated with com- 
parative ease on Locke ogg-modium. There is no evidence of pathogenicity. 
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k»llOTOZO()L()C:V 

nil .-iiiiidl'i luul O’Coiiiiiir, I!>I7) (Kii;. 2-( 1, (i-l). 

A small lla«clla(..‘, oval. -I -!l |i l>y I! I n-, liicli iiiluil>i(.s the inU-stiiial 

tract Tlivir an- tuo lla«clla.: thi' anterior loufjer ami tliiimcr ; the posterior 
Drojeeliii" Iroiii a l.ilerallv-sil.uated month (eytoslomc), at. the anterior I'xtreniity, 
•supported l>v a, ridae. d'lie tluff'lla. act in<l<'p<'ndentl.v and tliereby impart a 



Fig. 2tl.- The flageliates of the human Intestine. (>; Uditto). (/l/ter Wrnytm.) 


(HnrdUl intatiiialu, fr(‘« iiud cncywii'd I> -I'\ (Wnimfir fm* uuil t'lU'.VHli'd formn; 

U- J, Khiimlmtonm fri'o untl <*iu'yHt.iMl foruirt ; J- Tru'imtmfmay intrstimitU, luid (srioyati'il 

forma; Trichotnorntf with Uirt'O, (our uud (Ivo Ihif'idlii, 

peculiar jerky movcitient to the orgaiUKUi, 'I’he )*(‘iu‘ral Kliap(' in ovoid, with 
blunt anterior and pointed ixmlerior extroinitioH, Th(^ c!yt()j)laHin is vai!Uolai>(‘<l, 
containing ingcrited bacilli. 

Cysts are ])oar-Hhapcd, 4*5-0 (t in length, and appear Htnutur(d<‘SH in the 
unstained state, but hi iodine solution the ?rur>le}<s can bo dis<HTn<KL This tlagijl- 
late has cnltirattxl on egg medium. As in other iiuunbcu*s of* iJiiK group, 
there is no ovideuco of pathogtmieity. 

Chilornastix mmiili (We.nyon, I {)!()) 

Synonym 4 — Tctramitiis mcsnili (Fig. 241, D-F). 

This flagellate rcsomliles Trichomonas hominis in gen(Tal shape and size 
and occurs in the largo intestine. There are three long tlagtdla, but no 
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inidulatinij; inoinbraiio or axostyle. There is a large mouth (eytostome), which 
occupies two-thirds oi' the body length, and contains a Hagollurn arising 
from a granule situated anteriorly to the spherical nucleus. The posterior 
extremity is attenuated. The cytoplasm contains numerous vacuoles and bacteria 
vvlu(‘h form the main food supply. Division takes place by longitudinal fission, 
liulividiial organisms vary very much in length, but measure on an average 
14 .p in length by 5-1) p in breadth. 

Jn fresh ly-i)assod finccs, Chilomastix moves with active, jerky movements 
which distinguish it from the more deliberate rotatory action of Trichomonas. 

(b/.s7.s‘. -■ “ Ijcmon-shaficd ” cysts appear in formed stools and are 7 to 10 p 
in length ; tlioy (contain a single nucleus and vestiges of a eytostome. In fresh 
preparations tlu\y have to ho dillerentiated from yeasts. 

Infections with tins parasite ai-e very persistent, but there is no evidence of 
])atlu)geni<‘ity. 

(U meswili has been cultured on artificial media. 

Trichomonas hominis (Davaine, 18G0). (Fig. 241, M-0) 

This is tlio most common intestinal flagellate of man, inhabiting the caecum 
and largo intestine, often in enormous numbers. 

O'ho body is ])car-sha])ed, 10-15 p in length by 7-10 p in breadth. The 
spherical nucleus is at the anterior extremity and immediately in front of it are 
plac-ed biepharopla^^is from which three long flagella are directed forwards, whilst 
a fourth and stouter passes backwards to form the border of the undulating 
membraiu^ beyond which it is continued as a free flagellum. The eytostome is 
rt‘pres(mt(‘d by a small aperture near the anterior end. A stiffening rod, arising 
from the ble])liaroplast, supi)orts the undulating metnbrane. Running down the 
middle of the body is a second skeletal rod, or axostyle. The cytoplasm contains 
vacuoles with baetoria and food granules. 

According to the number of rtagclla (3, 4, or 5), three varieties are recognized, 
allliough iJu* trilliig(‘llaiie is the most common. Dobell thought that these varieties 
w<‘r<' uuM’cdy si.rjiins of tbe same species. This Hagellate xwogrosses by lashing 
mov(‘ments from the three anterior flagoUa, whilst the undulating membrane 
caus(\s if/ to revolve on a longitudinal axis. The parasite is also capable of amoeboid 
movcmient, especially evident in degenerate individuals. Reproduction is by 
longitudinal fission, by duxfiication of the various parts. No cysts are known. 

^riu^ abundance of T. hominis in diarrhauc stools in the tropics has induced 
some observers to consider it pathogenic, and in one instance Weriyon found 
(U'finito ovidenco of invasion of the intestinal mucosa by these organisms. More- 
over, the closely allied T. cavice often causes ulceration of the large intestine 
in guinea-pigs. 

()n the whole, the pathogenicity of T. hominis in the intestinal tract of man 
is doubflul {see p. 540), and its presence in diarrhoeic stools may be due to liquid 
hwii's whi(di (ionst.itiit(‘ a (umgenial medium for this flagellate. 

T. hominis can bo artificially cultured on blood agar with Locke’s fluid for 
nuvny g(uu'rations, hut suhinoculatious are necessary every few days. 

A somewhat similar species, T. clonyata, is found in the mouth cavity, as well 
as on the tonsillar surface, A third form, T. vaginalis, is present in the vaginal 
cavity of 1 0 per cent, of women. 

Most gymc(!ologists now regard T. vaginalis as a definite clinical pathogen, 
Hisponsibie for vaginitis, and the human analogue of T. feetus, which causes 
inlhinunaflon of the genitalia of cattle, fl^lie two species are physiologically 
diffenmt. T. vaginalis is soim^times found in the male urethra (Liston, 1940) 
and <!an invade ih<^ epitlu^lium and prostate. Feo (1940) has brought forward 
(^videmee f.hat the malt^ is tlie most important transmitter of this infection. It 
nourishes mainly during the reproductive period, but not, as a rule, in young 
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girls, or afli*! i .'liinactorif. It. ii.i»|U‘ars to nuiltiply uhoii tho vaginal sl.ato is 
favonrai>l(', :U. jdi 3, and a sy ndnotin association with a. iiort-liaanolyi ic str<‘|)l,o- 
ooccns is snggcsd'iL d’lu' |>ara,sit.(‘ disappears wlicii llic nriiu' Ixa'onu'S a,lUaline. 
It is ani(‘iial)lc io d(‘Vt*ga.n, stovarsol and silvcM' picralc^ (lugaiol). Stoviirsol 
vaginal compouial (S. \'. V.- l\lay and llaloa’) is inncli us('d; "2 tablets ar<‘ instMicai 
into Mic vagina, for 12 days, at'ka- pndiininary douching with luu'ina,! saline. 

Uiardia inlvtilinnlis (Landd, bsr)l)) 

Synonyms. lamblm ; I/tmhUa (Kig. 241, A-(l.) 

Idds rcinarkablo parasite livi's in the upjU't- pa.rt, ol‘ the small intestine, 
})arti(adarly the (luo<lenuni. In shape it nvsianbles a, ha.ir-j)(‘a.r, split- longitudin- 
ally. It nu‘asur(‘M 12 IS p in teaigth. The viMitral Hurla.e(MH tuniislu'd with a 
concave sucking disc wit.h a ra.is(‘d ri<lg(‘ at th<‘ anU'Hor (aid, whilst t-lu's post erior 
extremity tapers into a liiu' t.ail and U'rmiuates in two llagcdla.. TIkti^ are 
altogetlu^r four pairs of llag(‘lla. on the body, arising from a.s many blepharoplasts ; 
the ])ost(‘rior t.hr(‘<^ ariH(^ from the margins of the //.re,s7///c.s*. Then* are two of t.lu'so 
still' supporting stnuitaires which pass down tin* e(mt.n‘ of the body. I'w'o oval 
nuchd are situated within the sm'king discs at tin* auUa'ior muL Idle cytoplasm 
also contains a charaetiTistically curved parabasal body in i-lu^ lowiw half of the 
body. This Ihigidlide swims rapiilly, like a Hat lish, swaying from sich^ to side. 

Oitmim reproducers its(‘lf by a <*ompHe.atcd procirss of binary ilssion. 

The r//,s7.s‘, which may occur in tlu* fie(‘(‘H in (aiormous nund)i‘rs, are, (diara.ettM’istic 
structures. 4’hey an*, oval, nu*asuring about 14 p.. 'Plie body of t-lu' Hagt^llati* 
l)C(a)mes rouiuled, wbih^ tin* various iun(*r st-ruetun's (lla,g(‘lla, a-xostyh^, tdic.) 
l) 0 <H)mo detacluHl ami (vnmot always be ideutilied, (‘Xt*(‘pt for t-be t‘res(‘entie 
parabasal, 'fhere are at lirst t.wo nuclei, wlu<*h (livith*, giving ns(‘ to four in the 
mature cyst. VVluai e.xamiM(*<l in iodim* solution, t.lu* <ysts slain fa.int yellowish 
brown and the cytoplasmit*. conttmts shrink ha<dv from tin* thick wall. 

Infee-tions with giardia are v(wy [U'rsishMit, ami it is found in thin faas's for 
many years. UnchT e(a*tain eonditions it may possibly assunu^ a pat.hogiMue, role, 
and this fact has been mon* generally n'eogniml since it ha,s Ixasi found suset^ptibh^ 
to at<4)rin. It has been found in th(‘ gall-hladd(*r at opi^ration and tjuiU* com- 
monly in duodenal cont.(mts obtained by int\ibation (wee. p. o4d), This parasite 
has not been eulture<l. Similar species of giardia are found it\ rats, mietg dogs and 
othor animals. 


mvmnmh oocjoidia 

Coccidia ani int.racellular ])rotoKoa with a Ufe.-(’.y(4(^ tionsisting of alUu*j\at4on 
of gonorations— an asexual cycle {achizoyonf/)^ alternal.ing with a st^xual cycle 
(sporogony), A single zygote encysted as an prodiux's se<x)ndary cysts or 
sporocydSf w Inch give rise to a number of sporozoiU'S. 4’he life history oi'a typical 
coccidium [Eimmu), wlu(ih (jauses diseaso of th(^ rabhit- liv(M’, cdos(4y rescunhloa 
that of the malaria parasite. This hud. led IMoin'er in 1 H92 to predict, with some 
accuracy, the proliablo cycle within the mosiputo. sporozoites, liberati'd 
from the sporocyst, potK'trato (epithelial cells \vh(*r(i tht*y d(*.v(‘lop into schizonts, 
oharactorized by a vesicular nmdous and karyosonu^ 'fhe rniHem divides by 
repeated fission till a number of daughter-nuclei are jircxhuied and tht^ stdiizont 
divides into as many mcrozoites. Wh(*n the c(41 bursts, rnerozoitva are set fuse 
and, entering other cells, develop eitlu*r into schizonk or gnmidocAjtv^i, both male 
and female. 

The male gamotooyte develops by mitosis of the niudeus, fortuing nvkrogaimks^ 
which arc small, slender bodies. Whem the host cell bursts, tliesc tnicrogam(itc8 
are liberated and enter the female cell (mmrogamitk). The f<*rtiIizod c.(dl (zygote) 
secretes a tough membrane and bocjomos an oocysL 
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The nu(*-lourt ofUio jxuietrating iiucirogaincte then fuses with the female nucleus 
{f^ifiihiriofi). /ygot-e hi’caks up into four sporoblasts, which, when enclosed 
l)y a tough envelope, are known as sporocysts, and within this the protoplasm 
(livi<l<‘s inl'O two In order to develop further, the oocyst has to pass 

owl in the I’a'ees and he swallowed by a now host, whereupon the tough membranes 
dissolve and sporozoite.^ are liberated. 

Eimnia stkdw is a common parasite of the rabbit. A similar coccidium has 
been reported in the human liver, and named E. biigleri (Guiart, 1922). How- 
tiver, the aiithenlieity of these tindings is doubtful. Woodcock and Wenyon 



I'ig. 242.” Oocysts of coccidia found in human faeces. X 1,000. {After Dobell.) 

1, tiWXjfora honrinis, ryst., 3, Kiilly dovolopod spores oC same. 3, Eimeria. clupearunii 

fully (l(*v('l<t|MMl oUcysl. and siiorus. *1, Kimiria mnUnice^ fully developed oocyst and spores. 

originally (liscu)vered coecidial cysts {Isos^iora) in human fseces in 1916. Dobell 
(1919) described cysts of the genus Eimeria as occasionally occurring in man. 

Human Cocoidiosis: Lsospora hominie. (Railliet and Lucet, 1901.) 

(Fig. 242, 1 & 2) 

Synonym* — L halU. (All authorities are not agreed that this synonym is 
corriudu Hoan^ considers that L hominis and 7. hdli are distinct ; the former 
probably a parasite of the clog, the latter of man). 

Though undoubtedly a parasites of the epithelium of the small intestine, this 
c(H;ci(lium is not seriously pathogenic, though it may be the cause of a debilitating 
dia.rrhcea» in which the stools contain ])us colls and Charcot-Lcjyden crystals. In 
addition are cysts in the fa^e-es and assotuatcnl cosinopliilia, as in the cases 
(h^scribcKl by (Jonnal and iho Editor. Nevertheless, the schizogouic cycle ot 
<hwcIoprnen*fc in the intestine is not yet known. The oocysts are elongated, with 
tajKU‘ing extrcunitic^s ; they vary in lengili from 18-33 jx and in breadth from 
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girls, or after the climacteric. It appears to multiply \'\'hen the vaginal state is 
favourable, at pH 4, and a symbiotic association with a non-hsemolytic strepto- 
coccus is suggested. The jiarasite disappears vdien the urine becomes alkaline. 
It is amenable to devegan, stovarsol and silver picrate (negatol). Stovarsol 
vaginal compound (S. V. C. — ]\Iay and Baker) is much used: 2 tablets are inserted 
into the vagina for 12 days, after preliminary douching with normal saline. 

Giardia inteslinalis (Lambl, 1 859) 

Synonyms. — Giardia la^nUia ; Lamblia intestinalis (Eig. 241, A-C.) 

This remarkable parasite lives in the upper part of the small intestine, 
particularly the duodenum. In shape it resembles a half- pear, split longitudin- 
ally. It measures 12-18 p in length. The ventral surface is furnished with a 
concave sucking disc with a raised ridge at the anterior end, whilst the posterior 
extremity tapers into a fine tail and terminates in two flageUa. There are 
altogether four pairs of flagella on the body, arising from as many blepharoplasts ; 
the posterior three arise from the margins of the axostyles. There are two of these 
sthT supporting structures which pass down the centre of the body. Two oval 
nuclei are situated within the sucking discs at the anterior end. The cytoplasm 
also contains a characteristically curved parabasal body in the lower half of the 
body. This flagellate swims rapidly, like a flat fish, swaying from side to side. 

Giardia reproduces itself by a complicated process of binary fission. 

The cystSf which may occur in the fasces in enormous numbers, are characteristic 
structures. They are oval, measuring about 14 p.. The body of the flagellate 
becomes rounded, while the various inner structures (flagella, axostyle, etc.) 
become detached and cannot always be identified, except for the crescentic 
parabasal. There are at first two nuclei, which divide, giving rise to four in the 
mature cyst. When examined in iodine solution, the cysts stain faint yellowish - 
brown and the cytoplasmic contents shrink back from the thick wall. 

Infections with giardia are very persistent, and it is found in the fieces for 
many years. Under certain conditions it may possibly assume a pathogenic r61e, 
and this fact has been more generally recognized since it has been found susceptible 
to atebrin. It has been found in the gall-bladder at operation and quite com- 
monly in duodenal contents obtained by intubation {see p. 540). This parasite 
has not been cultured. Similar species of giardia are found in rats, mice, dogs and 
other animals. 

INTESTINAL COCCIDIA 

Coccidia are intracellular protozoa with a life-C 3 ^cle consisting of alternation 
of generations — an asexual cycle {schizogony), alternating with a sexual cycle 
{sporogowy), A single zygote encysted as an oocyst produces secondary cysts or 
sporocysts, w hich give rise to a number of sporozoites. The life history of a typical 
coocidium {Eimeria), which causes disease of the rabbit liver, closely resembles 
that of the malaria parasite. This fact led Pfeiffer in 1892 to predict, with some 
accuracy, the probable cycle within the mosquito. The sporozoites, liberated 
from the sporocyst, penetrate epithelial cells where they develop into schizonts, 
characterized by a vesicular nucleus and karyosome. The nucleus divides by 
repeated fission till a number of daughter-nuclei are produced and the schizont 
divides into as many merozoites. When the cell bursts, merozoites are set free 
and, entering other cells, develop either into schizonts or gametocytes, both male 
and female. 

The male gametocyte develops by mitosis of the nucleus, forming microgametes, 
which are small, slender bodies. When the host cell bursts, these microgametes 
are liberated and enter the female cell {macrogamete). The fertilized cell {zygote) 
secretes a tough membrane and becomes an oocyst. 
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The nucleus of the penetrating niicrogamete then fuses with the female nucleus 
(synkarion). The zygote breaks up into four sporoblasts, which, when enclosed 
by a tough envelope, are known as sporocysts, and within this the protoplasm 
divides into two sporozoites. In order to develop further, the oocyst has to pass 
out in the fseoes and be swallowed by a new host, whereupon the tough membranes 
dissolve and sporozoites are liberated. 

Eimeria stiedce is a common parasite of the rabbit. A similar coccidium has 
been reported in the human liver, and named E. bugleri (Guiart, 1922). How- 
ever, the authenticity of these findings is doubtful. Woodcock and Wenyon 



Fig. 242, — Oocysts of coccidia found in human faeces, x 1,000. {After DoheU.) 

1, Isospora hominis, undeveloped cyst. 2, Fully developed spores of same. 3, Eimeria dupearum^ 
fully developed oocyst and spores. 4, Eimeria sardinioe, fully developed oocyst and spores. 

originally discovered coccidial cysts (Isospora) in human faeces in 1915. Dobell 
(1919) described cysts of the genus Eimeria as occasionally occurring in man. 

Human CocciDtosis : Isospora hominis. (Railliet and Lucet, 1901.) 

(Fig. 242, 1 & 2) 

Synonym. — I. belli. (All authorities are not agreed that this synonym is 
correct. Hoare considers that I. hominis and I. belli are distinct ; the former 
probably a parasite of the dog, the latter of man). 

Though undoubtedly a parasite of the epithelium of the small intestme, tliis 
coccidium is not seriously pathogenic, though it may be the cause of a debilitating 
diarrhoea, in which the stools contain pus cells and Charcot-Leyden crystals. In 
addition there are cysts in the fseces and associated eosinophilia, as in the cases 
described by Connal and the Editor. Nevertheless, the schizogonic cycle of 
development in the intestine is not yet known. The oocysts are elongated, with 
tapering extremities ; they vary in length from 18-33 /x and in breadth from 
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12-5-16 fx. The cocytii wall is clear and colourless ; the contained zygote is 
iisuallv inisegtnented, but occasionally scftinentatioii into sporoblasts has been 
observed. Further development takes place in the fa'cos ; two ovoid sporoblasts 
become enebjsed in sporocysts measuring 14 ju, by 7-9 /x. Tn each eventually 
foul- sporozoites arc produced. 

Elsdon-Dew and Freedman (1953) recognize that there ai*e at least two species 
infect man — one corresponding to /. belli (Wenyon) and the other to I. hmninis 
(Railliet and Lncet) as follows: — 

L belli may be passed at all stages of development, immature forms mature 
in up to 5 days. Oocyst 30 /x X 12 /x : sporocyst 1 1 /x X 9 /x. Usually no 
oocystic residual body ; sporocystic residual body finely granular with limiting 
membi'ane, compact and centrally placed between four sjioi’ozoites. 

I. liom^nis is usually passed fully developed. Oocyst ball is usually absent. 
Sporocysts may he single or coupled in pairs, each being 15 ^ \ 10 p,. Sporocystic 
residual body of coarse loosely aggregated granules appearing ])olar in position, 
separate from the four si)orozoites. 

A single case of infection with I. rirolfa (Orassi, IS79) lias been reported and 
there is a possibility that I. hmuini,^ and 7. biejeniiud (Stiles, 1S91) are of the 
same species. 

Cysts of the genus Eimeria have been seen in foeccs, but they are not really 
jDarasitic in man, but are passed through the intestine after eating fish infected 
with E. clupearum or E. sardines. (Fig. 242.) 

BALANTIDIUM 

Balantidnmi coU (Malmstcu, 1857), is a large protozoou belonging to the class 
ciliata. Oval in shape and of variable size, it is 30-200 g in length by 40-60 g 
in breadth. The average is 60-70 /x. Various races arc recognized by the size. 
The body is clothed with a thick covering of cilia ariunged in longitudinal 
rows. (Fig. 243.) 

The nucleus is represented by a large kidney-shaped macro nucleus with a 
small micronucleus closely approximated. The jirotoplasm contains tw'O con- 
tractile and a number of food vacuoles. At the anterior end there is a peristome, 
leading into a mouth, or cytostome ; posteriorly there is an anus, or cytopyge. 
Nutrition is effected by ingestion of solid particles, leucocytes and red blood 
corpuscles. 

Bal. coli reproduces asexually by transverse fission. Conjugation takes place 
by exchange of certain nuclear elements and, when once this has been eff ected, the 
conjugants once more separate. 

The cysts (Fig. 243, 2) are ovoid, 50-60 fx in diameter and are passed in the 
faeces. The enclosed balantidium loses its cilia, and sometimes two individuals 
are found in the same cyst. Transmission of infection takes place by means 
of cysts. 

BaL coli has been cultured in human serum diluted with saline. The presence 
of symbiotic bacteria is necessary, at 30-37” G, but frequent subinoculations have 
to be made. 

Bal coli not infrequently burrows into the intestinal mucosa and causes dysen- 
teric symptoms — “ balantidial dysentery,” or “ balantidiasis ” {see p. 537). The 
balantidium is normally a parasite of the large intestine of the pig. Swine herds 
and pig-keepers are therefore particularly liable to infection. This parasite has 
been occasionally found in the mesenteric glands, as well as in the intestinal ulcers. 

Bal. coli is a very active parasite and is frequently found in diarrheeio as well 
£13 in bloody and mucous faeces Balantidiasis in man has been recorded from 
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France, Germany, England, the Philippines and Rodriguez . It has also been found 
in chimpanzees, monkeys, ruminauts, guinea-pigs, rats and other animals in 
captivity, often producing fatal results. 



Fig. 243. — Balantidium coU. x 1,200. 

{After Ddbdl; hy permission of Medical Besearch Council Report No. 51.) 

1, LiAMjif^ iiidivirlnal; N., megaiiueleus; n, micronuoleus; e.v.l, anterior contractile yacuole; c.y. 2, 
* pbstenor contractile vacuole ; f.v., food vacaole ; mo., mouth.. 

2, Encysted form, showing nuclei, posterior contractile vacuole, and remains of alia. 
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TREBIATODES OR FLUKES 

Fasciola nEPATroA (Linn., 1758). — Parasite of sheep, causing ‘‘liver rot.’’ 
Also found in “ Jack ” and “ Cotton-tail ” rabbits in U.S.A. and rats in 
Old World, 

D ist r ibut ion . — W orld- wide . 


Characters. — Pale-grey with dark borders, it nieasurcs 2-3 cm. by 8-13 
min. ; large specimens in deer (7 5 cm.) arc known as F, giganiica. The anterior 
extremity is narrow, containing the oral sucker ; the ventral sucker is larger than 
the anterior and situated 3 nim. from the anterior extremity. Branched in- 
testinal caeca with diverticula arc present. 'J’ho ovary is I'acemose, placed 
anterior to the testes in the posterior end of the body. The uterus is short and 
anterior to the ovary. An exsertilo cirrus is present, and tho genital pore is 
median. 

The egg is operculatcd , 130-140 ft liy 03-00 ft, ovoid, brown and bile-stained, 
and contains the ovum and yolk cells. A ciliah^d, eye-spotted iniracidium 
develops in about three weeks, and enters freslnva.ter snails : Limna'a trvncatula 
(Europe), L. pervia (Japan), L. vicetrijo (Cuba). Other snails are Succinea, 
Forsaria, Praticolella (a land-snail in Cuba) and Bulinim. In these it becomes a 
sporoeyst, daughter sporocysts, rediie (named after the Italian zoologist lledi) 
and cercariao. Development takes two months. TJic ccrcaria is blunt-tailed 
and settles in grass or on bark, where it sccndcss mucus to form a<;yst with two 
prominent suckers (mctaccrearin), Tlieii it is (niton by the maiunuilian host. 
Metacercariiio excyst in the duodomini and migrate through tho intestinal wall 
into the body cavity, then to the capsule of the liver to the biliary passages, 
where they grow to matinity. Man is usually infect-ccl by eating watercress. 


m. a^s 



Fig. 244 .^ — Fasciolopsk 
buski. {After Odhner,) 


Diagnosis. — ^This iso fleeted by liudiug the charac- 
teristic eggs in thofmoes or in the duodenal juice. The 
blood shows eosinophilia and there is somctinios an 
afebrile colic. 

Pathogenesis and treatment.— This fluke has 
been found as an erratic infection in 1 50 human cases : 
probably it is commoner than is supposed in Cuba, 
Venezuela. Argentine, Hungary, Switzerland, Germany, 
Greece, Tunisia, China and England. Flukes have 
boon reported from tho bile-duct by the Editor and by 
Walton, and they have hocn found in the portal vein 
and in subcutaneous abscesses. 

Usually they cause little disturbance save diarrhoea, 
but they may produce cirrhosis of the liver. Epilep- 
tiform fits have been described in Lebanon, and also 
a buccopharyngeal infection known as “ halzoun.” In 
some instances there is cachexia and severe anosmia 
with eosinophilia. Emetine is said to be efficacious, 
10-12 gr. being given in separate courses; so also are 
massive doses of magnesium sulphate with intravenous 
stibosan or glucantimo. Mohr argues that the febrile 


Tte following is a key to the terminology of anatomy of troitmtodeR, as illustratoil in this and 
other figures; a..s., anterior sucker ; ?«., mouth; /»., pharynx ; p. 6 ., pharyngail bulb ; «c*., acetabulum 
or ventral sucker ; j.o., genital opening; uterus; «.g., vitelline glands; ov., ovary; shell- 
; 00,, ootype; ovd., oviduct; v.s., vesicula seminalis ; r.s., rcceptuculum seminis; 
t., testis ; v.d., vas deferens ; m., cesopbagus ; intestine ; i.c,, branch intestine : ex.p., excrotoiy 
pore ; n.c., nerve cord : ?,c,, Laurer's canal. 
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eosinopliilic syndrome produced by the fluke is easily identifled by irregular septic 
temperature, high eosinophilic leucocytosis, and enlargement of liver and spleen. 

Fasoiolopsis buski (Lankester, 1857). (Fig. 244) 

A parasite of the pig which constitutes a reservoir for man 

Distribution. — China, especially ; India (Assam), Straits Settlements, Suma- 
tra, Borneo and Siam. In China 5 per cent., and in Kamrup District. Assam, 
60 per cent, of the population are infected. 

Characters, — F. buski inhabits the small intestine, rarely the stomach; only a 
small number of those infected show symptoms. This is the largest human trema- 
tode, measuring 3 cm. by 12 mm., and 2 mm. thick. It is flesh-coloured, elongated 
and oval, with transverse row's of spines, especially numerous near the ventral 
sucker. The oral sucker is subterminal, but ventral in position. The ventral 
sucker, definitely larger, is placed close to the oral, and prolonged hito the cavity 
doi-sally and backwards, a feature peculiar to this species. (For details of the 
anatomy see Fig. 244.) The intestinal caeca are simple, with tw'o characteristic 
curves towards the midline. The genital pore is median, placed anterior to 
the ventral sucker. Branched testes are found in the posterior half of the body ; 
there is a branched ovary and a fine, tortuous, Laurer’s canal . 

Development in the freshwater snail resembles that of F, hepatica (Nagakawa, 
1920). 

The egg (PI. XXVI, 1) is operculated, and yellow, measuring 120-130 fi by 
77-80 iJL. Eggs are found in large numbers in the faeces, the egg capacity of 
each fluke being about 26,000 per day. In water, after three to seven w'eeks, 
they hatch a ciliated miracidium w^hich develops m freshwater snails — Planorbis 
coeyiomis, P. {Segmentim) sclimackeri, P. (S.) liemisphcerula {vel. largillierti), 
P. nitidella, Segmentma calathus, Hippevtes cantori, and Cyrauhis saigonensis. 
A sporocyst is formed in three days, followed by the rediae and daughter rediae, 
which eventually produce cercariae (the w'hole cycle takes two months). 

The cercarife, resembling those of F. hepatica, are oval, short-lived, lophocercous 
and measure 0*7 mm. ; they have a well-developed digestive tract with a muscular 
bladder and collecting tubules. They encyst, as metacercaricp., on fresh-water 
plants, especially the outer cuticle of the water-caltrop (hng), Trapa (Salvinia) 
natans in China ; T. bicornis in India ; also Spirodeh polyrhiza, to the leaves of 
which the cysts adhere. As many as tw'enty encysted metacercarise may be 
found on a single leaf. In S. China the most important is the w^ater-chestnut, 
Eliocharis tnberosa. The outer layers of the plants are tom off by the teeth. 
All the plants are grown in ponds in China, and fertilized by human faeces, thus 
affording an opportunity for infection ; F, buski is therefore limited in distribution 
to that of these plants. The cysts, when taken into the mouth, pass through the 
stomach, excyst in the duodenum, and become attached to the intestinal wall. 

Pathogenesis and treatment. — Often as many as 1,000-2,000 flukes 
are found in the small intestine, where they cause alternate diarrhcea and constipa- 
tion, with offensive pale-yellow faeces and sometimes acute ileus. There is 
oedema of the face and also of the abdominal wall, genitalia and legs, and some- 
times ascites. The pain may simulate duodenal ulcer. Death occasionally 
occurs from exhaustion. 

Treatment.— j8 naphthol, ol. eucalypti, tetrachlorethylene and hexyl- 
resorcinol are aU useful. For a child under seven 0*4 grm., and from 13 years 
upwards I grm. of the latter may be given. 

Cloisorchis sinensis (Cobbold, 1875). (Fig. 246) 

Distribution. — Far East, especially China (Kwangtung Province in S. China, 
and Indo-China). 
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Characters.--! iiid is a coiuinoii parasiie of man and also of Lhe biliary pass- 
ages of tlic doff. Cell, i)ig, rat, mouse, camel and badger. Lt is found rarely in the 
call-bladckr of mnn, but oftcui in the bde-dnets, panert'jis, pancreatic ducts and 
d'liodeiiuiu. It is spatulate, tapering anteriorly, reddisli, semi-transparent, and 
measures 10-25 mm. by 2-5 mm. The cuticle is smooth ; the oral sucker is 
iarkm-r than the ventral ; the intestinal Ccmca are simple. 

The (feiiital pore is median and placed anterior to tlic ventral sucker. The 




Pi(r 245 — ( 1 ) ClooiorcMs sinensis. A,ina}!:nificd; B, natural size. ( Parih/ (ifier Looss.) 

I IJ,. itti. V lottolillg, HOC‘ p. JWiO, footnote.) 

Cercaria of OlunorrMs micmia. {Ajlcr i'aml a>d Klinw. Jii/ permimon 
nf “TIm Amcrimti- Joiii’Md of Ilygkiie”) 

OS=ORilaockcr. PH=pb!iryin:. OG=oi!|iluilk-.«a-roUJiy-glaiul. VS=vculral Biiite. 

testes are branched, and situated posteriorly one behind the otlier. The ovary 
is trilobate with coils anterior to the genital glands. Vitelline glands are 
moderately developed in the mid-third of the body. Cross fertilization occurs ; 
the soennatozoa develop before the ova ; the sperms enter the female genital 
uore ws into the immature uterus and thoiico to the siKi-nmlhm, ( Pig. 244, »-.s.), 
where they are stored: the ova are fertilized in tlie spennatheea and then pass on. 



A M . . . ^ 

Fig. 246. — Snail hosts of Ohnorchis sinensis. 

Bithynid sUiatula. B, BUItynialongicortns (nut. bvac'), o, Bithynia fucMana. 


The egg measures 20-30 p, by 15-17 p (Plate XXVI, 5); it is operculated, 
yellow-brown, and one of smallest tromatode eggs found in man, and is fully 
ernbryonated when discharged. Ft resembles an electric light bulb, with the 
knob at the bottom. It withstands desiccation but not decomposition. Tt can 
remain viable in water for five weeks, and is ingested by the snail before the 
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escape of the miracidiiim, which has a life-span of 20 minutes (Vogel). Develop- 
ment continues in Bithjnia [Parajossandus) stiiatula (Japan, Korea and Formosa), 
B. fnschsiaim, B. lon^icornis (China) (Fig. 246) and in Melania cancelhta. The 
miracidium pierces the oesophagus of themollnsc, casts its cilia and soon becomes 
a sporocyst ; later, the elongated redise grow within the sporocysts and burst into 
the peri- oesophageal sinus and move tailwards into the liver ; the whole process 
talcing three weeks. 

The cercance (Fig. 245, 2) escape from the redise from the birthpore ; they have 
tv'o pigmented eyespots, a lophocercous blunt-ending tail, and burst through 
the space between the upper body surface and the shell, emerging into water. 
Within 24-48 hours they encyst, as metacercarice, in the muscles and under-scales 
of fresh -water fish of irenera Cypruiidce and Anabantida; (of which 34 species are 
susceptible). Cercarial glands excrete a histolvtic substance which dissolves the 
skin of the fish, thus admitting percolating water. The inetacercarice secrete a 
viscous fluid which forms an inner true cyst, which in turn is encapsuled by a 
fibrous layer formed by the tissues of the fish. These are eaten half-raw, or 
pickled in soy sauce, by the Chinese. The adolescercaria, the fully-developed 
cyst, possesses a capsule protective against the gastric juice. In some species 
of fish — Carassius aumtiis and Eleotris swinhonis — the parasite is found 
under the scales ; in others it is in the flesh, so that domestic animals which 


eat the ofiFal may become heavily infected 
while man escapes. The cysts withstand a 
temperature of 50-70° C. for 15 minutes. The 
cyst wall is digested by the succus entericus in 
the duodenum near the papiUa of Vater, and the 
adoUsctrcarice escape and attach themselves to 
the mucosa. The young distomes at first have 
spines but these are soon lost. They attain 
maturity in 26 days. Attracted by positive 
cheraotaxis, a small proportion of them reach 
the bile ducts, but 95 per cent, are digested 
and destroyed. The size of the resulting fluke 
is determined by the calibre of the bile-duct. Egg 
production is very large ; in the cat 2,400 eggs 
are produced daily ; but fewer in dogs. As many 
as 21,000 adults are found at autopsy (Sambuo 
and Beaujean). Life-span is 12 years. Adult 
men are more infected than women. 

The following is a complete list of the molluscs 
and fishes which may be intermediaries : — 

Mollusoa 

Fossarulus stachei, F. loczy, F, sinensis, 
Pamfossaruhis subangidatus, P. woodi, Pseu- 
dovivipara hypocrites, Hydrobiodes dautzenhergi, 
H, nassa, Bytliinia striatula, B. longkornis, 
B. chaperi, B. moreletania. B. poeteli, B, misella, 
B, umbilicans, B. morleti, B. goniomphalos, B. 
thaikeana, B, robusta, B. mijior, B. trujicata, 
B. dautzmbergiana, B. siamensis, B. fimiculata, 
B. fnchsimia, B. delavayatm, B. toucheana, B. 
l(Bvis, Melania hainane'nsis, M. hongkongiensis, 
M, tuberculala, M. variahilis, Vivipara poly- 
zomta, V. qvadrata. (Walker, Miyanaga and 
Oaillard.) 



Fig. 247 . — OpisthorcTiis feli- 

neus, X 9. {After Barker 
in ^"Arch. de ParasitohgieP) 

i (For lettering see footnote on p. 
936 .) 
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Pisces 

Eemkuher hiici'i, H, clupcoides, Amniliorhodeiis nlranalis, A. gracilis, Carassiiis 
auratns, Psemiogohio rivukms, P. sinensis, Pseudorashora parva, P, fonieri, 
Ekotris swinhrniis, E. pofamophila, Paracliellognatlius rhonibea, Bhodeus sinesis, 

R. noiains, Ciilier hrevimuda, SacrocheilichtJiys nigripiimis, S. sinensis, S. morii, 

S. vnriegains, Macropodus opercvlaris, Biwia zezera, Xenocijprus davidi, Pseu- 
diperiJalnpus tijpus, Abhotina psegma, Leucogobiognentheri, L. slriatus, L. r.orea7ins, 
L. niaifcdce, L. herzenstemi, CtenopJiaryngodo^i idellas, Acheilognafhus lanceolata, 
A. Umbata, A. cyanostig^na, Labeo jordani, Hypothaknichthys nobilis. 

For pathogenesis, see p. 795. 

G. sinensis is often associated with carcinomatous changes in the liver and 
pancreas. 

Opisthorohis FELTNE0S (Eivolta, 1884). (Fig. 247) 

Distribution. — It is common in man in East Prussia ( Kurisclics Haff), Siberia, 
Annam and the Philippines ; aiid in the dog, cat, glutton and pig. 

Characters. — It inhabits the liver, pancreas, bile ducts and lungs (iti Russia). 
It is lanceolate, and measures 8-11 min. by 1*5-2 mm. The cuticle is smooth, 
the suckei’s equal in size and separated by 2 mm. (Fig. 247). The egg measures 
30 /X by 12 /X (PI. XXVT, 4) and is yellowish-brown with an operculum. At the 
posterior end there is a minute tubercular thickening. 

Development (Vogel), — The snail is the intermediary host, usually Bithynia 
[Bulimns) tentamlata. The miracidium is fully foruu^d in the egg and hatches 
in the snail, forming a sporocyst in the intestine measuring I -2-1 *85 mm. Podifc 
are formed in one month, and then cercariio which mature iu two months. 

Cc7'cari(B leave the snail by daylight. They 
are shaped like a tobacco-pipe, with tail mem- 
brano ; they are phototactic, and stimulated by 
agitation. The secondary intermediary hosts are 
fish — the tench {Tinea tinea) and the chub {Idus 
melanoius). The ccrcariin pc'nctrate in 15 
minutes, and grow to three or four times their 
original size, forming meto.cercarire. When 
ingested by man, they pass through the stomach, 
are freed by the succus entcricus, attracted by 
the bile and travel up tlie bile-duct in five hours. 
Infection is therefore contracted by eating raw 
fish. The entire life-cycle requires a minimum 
of four months. This fluke is not specially 
pathogenic, although 200 or more have been 
found in the body at autopsies. 

Other species of little importance are 0. 
noverca and 0. vivert'mi (India and Siam), of 
which the normal hosts are the dog and civet cat 
respectively. 

Heterophyes heterophyes (Siebold, 1852). 
(Fig. 248) 

Distribution.— -Egypt, China, Japan. 

Characters. — ^It inhabits the small intestine of man in large numbers and 
also that of the fox, dog, wolf and cat, and imparts a coiToe-grounds appearance 
to the intestinal wall. It is pyriform, grey and very small, measuring 1-1 *7 mm. 
by 0-3-0 -7 mm. The uterus forms a brown patch in the centre. The oral 



Fig. 248. — Heterophyes 
heterophyes. 

A, Greatly magnified ; B, natural Rize, 
(Por lettering, see p, 936, footnote.) 
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sucker is subierminal and the ventral sucker is three times the size of the oral. 
The cuticle is thickly set with quadrate scales measuring 5 ft x 4 ft. There is a 
short prepharynx and long oesophagus. The intestinal cseca extend to the 
posterior extremity, converging close to the excretory vesicle. The vitelline 
glands are posterior, situated in two clumps ; the genital pore is postero-lateral, 
in the vicinity of the ventral sucker, and consists of a muscular ring armed with 
70 chitinous cuticular teeth. The testes are oval and posterior, the ovary 
globular and median. There is a receptaculum seminis as large as the ovary ; 
uterine coils are not numerous. Seminal vesicle and Laurer’s canal are present. 

The egg measures 20-30 [x by 15-17 p (PI. XXVI, 3), being the same size 
as that of G. sinensis. Its greatest breadth is across the centre. There is no 
special ring to the operculum, which is light-brown and contains a ciliated miraci- 
dium w’hen' deposited. It hatches after ingestion by the appropriate snail. 

Life-history. — H. heterophyes develops in brackish-water snails ; Melania 
tvberculata, Cleopatra bulimoides ; and in L. Manzala (Egypt), in a conical snail, 
Pironella conica (Khalil). The cercaria, resembhng that of M. yokogawai, is 
oculate and lophocercous (membranous-tailed) ; it was formerly known as 
G. pleurolophocerca (Sonsino). The second intermediary is a fish — the mullet 
(Mugil cephalus) and minnow {Gamhusia affinis) ; in Japan a species of Acantho- 
gobius. There a brackish fresh- water snail (Tymphonofomus wicropfera) is the 
molluscan host. 

Pathogenesis and treatment. — ^This fluke occurs in enormous numbers, 
attached to the mucosa of the small intestine; it may give rise to diarrhoea. In 
Manila, heteropyes eggs are found in the w'alls of the intestines and in the 
myocardium and are said to produce symptoms resembling cardiac beriberi. 
Africa has recognized two other human species — H. hreviccpca and H. faiJiokui. 
In Japan, in the vicinity of Kobe, H. katsuradai, a closely- related stouter species, 
is found. The flukes are readily removed by means of thymol and oleoresin 
of aspidium. 


Metagonimus yokogawai (Katsurada, 1912). (Fig. 249) 
Distribution. — ^ICorea, Formosa, Japan and Balkan States, very common 


in Far East. 

Characters. — ^This is found in the 
small intestine of man, higher up than 
H. heterophyes, and also in the cat, dog, 
pig and pelican. It is the smallest fluke 
parasitic in man, measuring IT mm. 
by 0*42-0'7 mm. The cuticle is covered 
with small spines ; the ventral sucker is 
deflected to the right with its long axis 
in the diagonal plane. There is a genital 
pore in front ; the ovoid testes are 
posterior ; the ovary and receptaculum 
seminis are situated medianly in front 
of the testes. The yolk glands are found 
in clumps in the posterior third. The 
uterus lies between the testes and the 
ventral sucker, and the seminal vesicle 
in front of the ovary. 

Egg. — ^This measures 33 ft by 21 jx 
and resembles that of G. sinensis, but is 
more regularly ovoid (PI. XXVI, 6). 
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The first int'nncaunij is a mollusc — Melania lihvrtina and if. ebenina (50 per 
cent, of wLicli arc inli'c^ted). Sporooysts, redue and cercari?e are formed ; the 
last lias an anterior end ])rovided with armament. The tail is long and lopho- 
cercous, with lateral lliitings, and is dis(^a]•dcd oti entering the fish — Plecoglossus 
altivdis. The metacercarut ciKwst under the scales ; the infected fish is eaten 
raiv by the Japanese. 

Pathogenesis. — if. yokogawai causes a catarrhal condition of the intestinal 
ti'aet and slight diarrho'a, but is easily removed by totrachlorethylene. 

PARAGONIMITS ringeth (Cobbold, ISSO) — “Lung fluke”, and allied species: 

P. westermani and P. compact us. (Pig. 250) 

Distribution. — Mostly Japan, Korea and the Philippines. It is found in 
man, dog, wolf, leopard and cat, especially in the lungs. 

Characters. — P. ringeri measures 8-20 mm. x 5~9 mm. and is oval (almost 
round in section), reddish-brown and translucent. The anterior extremity is 



Fig. 250 . — Paragonimus ringeri. (Partly after Looss.) 

A, Nut. si?e. (For lettering, see p. uno, footnote.) 

rounded. The oral sucker is subterminal ; the ventral sucker larger and placed 
anterior to the centre of the body. The pharynx and oesophagus are short, and 
the bifurcation of the intestine is anterior to the ventral sucker. The intestinal 
cseca run a zigzag course ; the common genital pore lies close to the posterior 
margin of the ventral sucker. The body is bisected by a largo excretory vesicle. 
The testes are tubular and racemose ; the branched ovary may be cither to the 
right or the left of the inidliiie and posterior to the ventral sucker. The uterus 
is short, sac-like and lies opposite the ovary. The vitcllaria are well developed, 
extending through the whole body. Lauror’s canal and shell -gland are present. 
The cuticle is studded with wedge-shaped spines and constitutes a reliable 
feature to differentiate closely-allied species. In P, ivestermani they are arranged 
singly, and in P . compactus they are in clumps, fewer and pointed. 

^ The egg is brown and operculated, measuring 90 p. by 55 p.. It shows a thicken- 
mg at the pole opposite the operculum (PL XXVT, 2). That of P. westermani 
measures 85 p by 65 p and has the thickening at the posterior end, not so marked. 
The egg of P. compactus is smaller, 75 p by 48 p. 
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Geographical distribution. — ^This differs with the species. P. ringeri is 
found in Japan, Korea. Indo-China, Siam and the Philippines ; P. compactus and 
P. loestermani in India and Malaya, North Africa, Southern Nigeria, British 
Cameroons and the Belgian Congo. A fourth species is P. Icellicotti, from the 
pig, dog and. cat in North and South America, and the tiger in Malaya ; it has 
once been recorded in man. 

Life-history. — This is complicated. (Fig. 251.) The eggs are first voided 
into cystic pockets in the lungs and .then escape into water in the sputum and 
also in fseces from swallowed sputum. A ciliated miracidium hatches in sixteen 
days to seven weeks and has distinctive characters. There is a ciliated covering in 
four rows at the anterior cone. The excretory pore forms a rosette. It enters 
snails of the genus Melania : 31. tuberculata (Japan, China), 31. lihertina (Japan, 


Fig. 251, — Life history of Parago- 
nimus westerrmni. [After Bdd- 
ing and Cheng.) (1-9 X 15.) 

1. Egg showing yolk cells and germinal 

area. 

2. IMiracidium with excretory system and 

flame cells. 

3. Mracidium with ganglionic mass and 

germ cells. 

4. Mature sporocyst in snail containing 

weU-developed first generation 
rediin. 

5. Mature second generation redias. 

0, 7. Stages of niicrocercous cercaria 
after emergence from snail. 

8, Metacercana from the crab ; cyst 

wall is not shown. 

9, Mature excysted metacercaria. 

10. Melania hhertina \ half 

11. Mdaniaobliguegranulosa /natural size 
Key b.p. birth pore. 

c. (SBca. 

cer. cercaria. 

e.b. excretory bladder. 

e. p. excretory pore. 

f. c. flame cell. 

g. gut. 

g.a. germinal area, 
g.c. genital cells- 

m. mouth. 

n. nervous system. 

0 . operculum. 

o. s. oral sucker. 

p. pharynx. 

p.g. periacetabular glands. 

s. stylet. 

t. testes, 
tl. tail. 

v.s. ventral sucker. 



China), 31. ebenina (Korea), 31. oUiquegranuhsa (Formosa), and 31. paudcincta, 
M. gottschei, M. extensa and 31. nodiperda (Korea) ; in China, sometimes, Assi- 
minea lutea ; in Venezuela (P. keUicotti) — AmpuV-aria luteosoma. It develops in 
about 60 days into sporocyst and redise, each containing 20 cercarise ; the latter, 
ellipsoid and microcercous, have a short knob-like tail and measure 200 p. by 
70-S0 (X with an anterior stylet and body covered with spines. The cercarise 
bore into fresh- water crabs and become metacercarisc in Potamon ohtusipes, P. 
dehaani (Fig. 252), P. sinensis, Sesarma dehaani, Eriocheir japonicus (Fig. 253), 
Astacus japonicus ; in Korea, Eriocheir sinensis and Gambaroides sitnilis. In 
Venezuela the species is Pseudothelphusea iturhei ; in the Philippines P. mistis. 
The cercarise perish in 24 hours if they fail to penetrate the appropriate 
crustacean host. 
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The crab E. slnt has been introduced into North German rivers in the 
bilge crater o/shipa from China ; it has multiplied enormously, but Paragoninius 
has not sprea-b heeauae Melania is not present. 

In the crustacean (the second inter medlar ij) the mctacercariae encyst in the 
hver, muscles and gills. ( ii J apan, crabs are eaten raw, but in Korea and Formosa 



they arc not eaten ; the supposition is that the cimstaccau phase is not always a 
biological necessity. In Venezuela the appropriate snails and Crustacea are 
present and 30 per cent, of clogs arc iufoctod, hut man is not. When the nieta- 
cercarisB enter the stomach of man, their cyst wall is digested and the adolesce rcarim 
emerge, pass through the jejunum, travci'se the abdominal cavity, penetrate 
the diaphragm, pleura and lungs, reach the bronchioles Ibrniiug cystic cavities. 
(For Pathogenesis and Treatment, see p. 791.) 

A trematodo of less importance is EcUnostoma Irndmisis, Of this, a few cases 
from Celebes (Brug, Tosch, Bonne and Sandgrouiid, 1938-40) arc reported, with 
flukes, sometimes in large numbers, in the jejimum. Reservoir host is the field 
rat. It causes diarrheea, abdominal pains and cosinopliilia. Dmdopmmt. First 
intermediary: planorbid snails An is us sarasinormn and .4. convexinsenhis. 



Fig, Ihh—E'Tiocheir japonicus, s . Quarter nat. size. 


Second intermediary (metacercariae), in snails : — Vivipara javanica rudipellis and 
two species of mussel :—Corbicula Undthnsis and C, mjtJbplanaia. All snails in 
Lake Lindoe, near heavily-infected village, were found to harbour large numbers 
of echinostonie cercarise, which have simple tails and a body resembling in 
miniature that of the adult worm. The eggs are straw-coloured, operculate and 



SCHISTOSOMA 


945 


measure 83-116 y, by 58-69 fx. Immature when passed in the fseces, they 
mature in 6-15 days. Filix mas and tetraohlorethylene treatments are specific. 
E, ilocanum and the closely allied E. mcdayanum (larger) are found in Singapore 
and Malaya. Natural host is the pig. The snail host is Gyraulus prasTuidi. Also 
E. jassyetis in Rumania, E. recicrvatum in Java and E. sufmrtyfex in Assam — ^all 
removed by filix mas. Dicrocceliiim dendrilicum syn. D. lanceatum, of which 
the normal host is the sheep, is rarely found in man, in biliary tract in Glennany, 
Czechoslovakia, Italy, France, Eg^^t, China. The eggs passed in faeces are fully 
embryonated, resist desiccation and do not hatch in water. They are ingested 
by land-snails — Zehnna detrita, Hdlicella candidula, H. itala, TorqmUa 
frunwitum, Cochlicella acita and others. Plagiorchis ^avanensis. Sandground 
(1940) found this species in small intestine of Javanese, together with E. ilocanum. 
It is a small treinatode belonging to group normally infecting birds, fish, amphibia 
and bats. Development in snail — Stagnicola emarginata angulafa. Another 
species is P. philippinensis, recovered at autopsy in Manila from the small 
intestine of a native who had eaten grubs of certain insects. 

THE SCHISTOSOM GROUP 

Distinctive characteristics. — ^These are unisexual (the sexes being separate) 
and inhabit the lumen of veins. 

Schistosoma hjematobium (Meckel, 1856). (Figs. 254A and 254B) 

Synonym. — Bilharzia Jicematobia (Weinland, 1858). 

Distribution. — Africa, especially Cape Province; small foci in Portugal, 
Cyprus, Corsica, Palestine, Arabia, Madagascar, Reunion, Mauritius and Iraq. 
Also found for a short period in Perth, Western Australia, imported by returned 
soldiers from the South African War (1901). 

Characters. — The male is 1-5 cm. by 1 mm., white and cylindroid, with oral, 
and more prominent, ventral suckers situated close together ; the oral has a 
dorsal lip, longer than the ventral. Ventral infolding of the body forms gynce- 
cophoric canal, which encloses the female. The outer surface, especially the 
dorsal, is beset with cuticular prominences (usually confined to the extremities 
of the worm), including delicate spines on suckers and larger tuberculations on the 
inner surface of the gynsecophoric canal. The ventral surface is beset with very 
fine spines. The male progresses along a vein carrying the female; the tubercula- 
tions aid progression against the blood-stream and along narrowing veins. 

There are 4-5 testes which are round and placed posterior and dorsal to the 
ventral sucker (acetabulum). A similar number of vasa efferentia unite to form 
the vesicula seminalis at the genital pore which is placed median, posterior to the 
ventral sucker. 

The female is darker, measuring 2 cm. by 0*25 mm . ; her filiform middle portion 
is infolded in the gynsecophoric canal, her anterior portion being free. The body is 
smooth with papUlse on the posterior end and on the suckers. An elongated oval 
ovary is found in the posterior half, anterior to the intestinal caeca. The oviduct 
arises from the posterior portion of the ovary, passes forward, and is joined by 
the vitelline duct. ViteUaria (yolk glands) are seen in the posterior part. The 
shell gland opens into the oviduct, which passes forward to a straight uterus. 
The genital pore is median, posterior to the ventral sucker ; the anterior portion 
of the uterus contains several (20-30) terminal-spined eggs. The genital openings 
of both sexes face each other. 

In both sexes the alimentary canal commences at the oral sucker, which is 
prehensile, and consists of an oesophagus, with two dilatations which bifurcate, 
in front of the ventral sucker to form two intestinal cseca muting into a median 
trunk in the centre of the body. 
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The excretory system consists of two longitudinal canals opening posteriorly, 

dorsal to the excretory pore. . 

The nervous system has an .es.)i)hageal ganglion and commissure encirclmg 
the cesophagus, and two longitudinal nerve cords running to the posterior end ot 
the body intercnimminieating by latoml branches. 




Fig. 254 B. — i^chistosoma hcB- 
maiohmm. X 10 . JjOOss.) 


’ V.S.. vcaculu serniualis. 


Habitat.— It lives in the venous system, the mcsonteric, portal, yosico-prostatic, 
nelvio and uterine plexuses, the vesical veins, occasionally also m the vena 
cava and pulmonary veins. Sometimes 300 or more arc present , ley aro 
more numerous still in experimeiitally-infocted monkeys, being found special y 
in the submueosa of the bladder. They can be conveyed cxpcrmentally to 
rats, mice, gninea-pigs, monkeys, hedgehogs and armadillos (I into). _ 
iobium hves for 20-37 years and may produce oarcinoinatous changes m biaaaor. 
The sexes live apart while young, but, when mature, the female enters the 
gyniecophorio canal of the male. Bisexual and hermaphrodite males, as in 

S. mrukk, are sometimes met. . , , j -xi, 

■ Monkeys, mice, hedgehogs, and especially hamsters can be infected with tms 
parasite in the laboratory, but experimental animals are much more dithcult to 
infect mth 8. IrnmUmm than with 8. mm^oni and the former takes longer to 
mature (80-100 days) than the latter (50 days) (Watson, 1948). 
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The egg is oval, measuring 150 y. by 60 short, stout, and has a definite 
terminal spine (PI. XXVI, 11). It contains the living, ciliated miracidium, 
the head of which lies towards the blunt end of the egg, but is active so that 
it can turn about. 

When deposited in the tissues there is a thin and permeable clear space of 
dissolved cells in front of the egg, probably produced by a lytic substance secreted 
by the glands of the miracidium. The egg shell is permeable so that antimony 
can enter and kiU the miracidium (Fig. 144, p. 713). 

In freshly-passed urine the eggs appear brownish and contain active miracidia 
(Pig. 255) which develop early and are fully formed when they are deposited 
in the tissues. They escape by the transverse rupture of the shell, effected 
by osmosis in contact with water (dilution of urine with 10 parts of water), the 
shell being softened by a lytic ferment secreted by the miracidium. Temperature 
is important, as the eggs hatch more readily in warmth. The egg-shell enlarges 
before bursting. If the specific gravity of the mine is low, the eggs may hatch 
in urine wdthin the bladder. The process is physical and will take place if the 
miracidium is previously killed by heat. The egg can remain alive in sterile urine, 
or moist faeces, for tw^o or three weeks, but acid urine kills it. The miracidium 
is active and swims in water for 24 hours. It has an anterior papillary heak 
but when swimming it changes shape and moves by 
means of cilia and muscular action. It has a primi- 
tive alimentary canal, two unicellular cephalic (sali- 
vary) glands, the ducts of which lead into the mouth, 
also germ cells, excretory tubules and four flame-cells. 

The nervous system is an oval, irregular mass, in 
the centre. The cuticle is composed of polygonal 
epithelial cells ; the body has three zones, united by 
six or seven longitudinal strands. 

After escape of eggs fix)m the tissues the paired 
worms travel to the narrowest point ; the female then 
leaves the male and penetrates into the smallest 
venules, where she deposits her eggs, which are then 
clamped in position by spasm of the veins. The 
female retracts after deposition of the egg, so that the 
spine is driven into the wall of the vein and the egg 
escapes into the tissues. (Fig. 260.) This is not 
generally accepted by all observers. According to 
Koppisch the egg? are engulfed by endothelial cells and 
this facilitates their passage through the vessel walls. 

The eggs of S. hcematohium are often found in fa3ces (p. 709). Chesterman 
commonly found eggs in fseces {see S. intercalatum) in the Congo and Upper Egypt. 
Sometimes they are deposited in the lungs, brain and spinal cord. 

Life-history. — ^Miracidia penetrate the air sac, tentacles and other jK)rbions of 
the snail, boring in by their papilla. If there are many, the snail dies. They are 
attracted by several species of Bulinus. The miracidium casts its cilia and 
travels vm the lymph spaces to the liver or digestive gland. Infection of snails 
takes place in the warm season in Egypt, but not in the winter, ^d there is a 
seasonal variation in the number of snails. The two maximal periods in Egypt 
are May and December, with two marked reproductive periods— one in March 
and April— the other in October and November. During the Nile floods they 
die in large numbers, but reproductive activity stops temporarily during the 
winter closure of the Nile. On the return of the water into the canals the srmils 
revive and commence laying eggs. The snail acquires immumty from slight 
infections. The liver of the snail is turgid, swollen, yellow or orange, and by 
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Fig. 255. — S. hoematobiutn 
miracidium, {Aper Looss.) 
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its appearaiife inl(‘fte(l iiiollusrs iiia,\ he recognized. The iniiueidiiini becomes an 
elongated, tlun-uaJIed spoi'oex'st and suhscHpiciitly dauglitor simrocysts permeate 
the gland. In about six ^\eeks nmnen)iift hilici-tailed cercarUv appear within 
the 8f)oro.ysls, and escap<' from it hy a diurna.! diseharee from the pulmonarv 
(‘avity of the snail, and aiv attracted by light,. They ea,st off t, heir tails on entering 
tlu‘ skin ()!' the host. IVnetration is effeideil by the acid secretion oi' the glands"^ 
vv liicli cause a vesicular dermatitis. Most eeivariui die in transit, otherwise the 
infeefam would ho colossal. For example, .‘hMlOd may ontm- a mouse, but 
only 20 adults develop, d'lie eereariie adhere to the host ’hy their ventral sucker 
and penetrate the nniecms membrane of tlK‘ moiitli or (esophagus. J’hus people 
enn he infeeted hy drinking, e.g., women and ehildren in Fgypt. Ju bathing, 
movement of the w'ater attraids the eorearia* to hold on to the skin. 

(For anatenny oi' cercaria, scp p. Ooh.) 




rig. 256.' Intermediary hosts of Mhfoftnma Iwmatohinm and of 
South America, and West Indies. (AfUr Lciper, 

finUmiH iViilor.'Hit (nut. u, niom/Mmu { PhtnoHHs) hui.s.s,fi (nnl. si! 

uliivauiti; lutmui; . 1 . t/faht-atm 1 1 wo-Miinls iiiit . si/tU. 


'nuni, son i in hgyph 
(■). Auxtisdorhin 


Ou entering the body of man tlie larvie an- known n-s metaoei-eavue, but within 
-4 houre they have enk'recl tlie [x-riplieiul venules, througl) vvhioh they are 
translated to the right heart and to the |)ulmonary capillaries, scpieezing through 
the!« to the pulmonary venules, they are carried p.iasivelv through the mesenteric 
capillaries and enter the portal circulation. 'I'liey are then known as Sclmtom- 
midce. They mature m the liver in six weeks and produce terminal-spiiied eggs. 
Infection la easily effected in the laboratory by inserting the tail of a mouse in 
water containing cercarise. In man and in animals, infection of the portal veins 
causes a deposition of haematin in the interstitial colls, 

Intemiediary •nwllusmu Iwsts: Bulin us roiitoilus, B. dybrn'skii ( Hgypt and North 
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Africa), B. inn&si (Figs. 256 anfl 257) (Lucian), B, trancatiis (Palestine), B, Jorskali 
(Maui’itius and Kenya), B. glohosiis (Sierra Leone, Kyasaland), B. broichi (Tunis), 
B, {Phi}wp^}.^\ ajrkanu'i (Xatal), B. lropini.^{H. Africa), f sodom oroiden {Ziniyibar), 
Pht/m 2 )si,^ intsiita (Kenya), Plmiorbis diijoiirii (Portugal and Morocco), Jldat)ia 
nodicimta anrJ M. Uihercnhta (Nyasaland). In the semis Bulinus tlie body of 
tne snail contains red bienioglobin. The shell is spiral, not opereulated, and 
the opening sinistral (h'ig. 257). In the focus in Bombay {see footnote, p. 702) 
the vector belongs to the genus Tuehinicola {AmpulJarida-). 



Fig. 257. — Fresli=water molluscs. Nat. size. 


1, JSuliiiHS contortns\ 2, A dyhomhi; 3,//. vniesi; 4, />. ftfricaw?/.?— all iatertneJiaiy host'^ t>! 

S. luenmtohium ; 5, Phim suhopmt, a sinistral snail ai»t to be tnistalen for JJuhnm ; 0, fAimtea 
Inurenti, a de.x-tral snail. 

(Annaiidale and other conchologists consider that the three species B. contortus, 
dj/bowsHi, mnesi.iiVQ subvarieties of i?. tmvcaius (Audonin, 1809) ayn.Bxontoiivs.) 

Schistosoma intercal.atum (Fisher, 1934). — Synonym Bilhnrzin interralaia. 
The egg.s of this species were first found by Chesternian in 1923 w hen he drew 
attention to their impoitauce. Ft was described as a new species by Fisher fn>ni 
the Upper Congo (Yukusu). Subsequently it was regarded ns dubious, 
though re[)Oi‘teil from (hibooii by Zellweger, until the discovery was continned in 
every detail by Sehwetz with cercariie obtained from Stanlevwille (1951). 'i’iiis 
species closely resembles S. hcenuttohium^ being half-way between it and S. bocis, 
differentiated mainly by the size and shape of the egg (Fig. 258). The eggs are 
Ibund luamly in the faeces, very rarely in the urine; in this respect it resembles 
S. mansoni. The male has 4-6 testes. Sehwetz succeeded in infecting mice with 
eercarice from Physopsis africam sent from Stanleyville to Antwerp. From the 
fifty-first to fifty-eighth day he obtained adult schistosomes which resembled 
those described by Fisher. With miracidia hatched from eggs derived from 
mouse faeces and from their livers he succeeded in infecting P. africam in the 
laboratory. The snails began to shed cercarise between the sixty-third and 
eightieth day. With these he confirmed the original discovery, produced further 
infections in mice and again recovered the adult forms. S. inUnalatum then 
belongs to the same group as 8 . hennafobimn. The eggs of both species have a 
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terminal spine, bat those of A', h (vmatobium are round (n* oval, whilst those of 
A. inferralatunt are elongated. 

Schistosoma mansoni (Sambou, 1907) 

Synonym. — Bilharzia mansoni (Fig. 269). 

Distribution.—Africa generally — especially Egypt, Congo, West Africa, 
East Africa, Eritrea, Abyssinia, Zanzibar, Rhodesia, Tanganyika, Kenya, 
Uganda, Madagascar, Natal, Transvaal, South America (probably imported by 
African slaves), Brazil, Venezuela, Guianas, West Indies (Antilles, especially 
Antigua). In St. Kitts the green monkey (Cercopitheeus sabmus), introduced 
from Africa, is naturally infected and constitutes a reservoir for man. Guinea- 
pigs, mice, hamsters, hedgehogs and the armadillo can also be infected in the 
laboratory. In Sierra Leone, infection is commoner in adult women than in 
children or in men. 

Characters . — Male measures 1-1 *2 cm. by 1 mm. and in its main structure is 
similar to S.hcematohium, but with its ventral sucker and wart -like tubercula- 
tions larger and more pronounced (Fig,254, p.946 ) . The intestinal canal bifurcates 



Fig. 258.— Outline 
drawings of eggs of 

(a) S. hematohium ; 

(b) intercalatum ; 
(o) B. hovis. [After 
A. C, Fisher.) 

Drawn to scale. 


Fig, 259. — Schistosoma mansoni. x 10. 

(For lettering, see inscription to Fig. ; o', latcml-spinedegg.) 


at the level of the ventral sucker. The intestinal 
cseca unite in the anterior half to form a long, 
single, intestinal tract. There are 8-9 small testes 
with corresponding vasa efferentia opening into the vesicula seminaHs. The 
size of the female is 1*2-1 ’6 cm. ; as in the male, the intestinal caeca unite in 
the anterior half, where the ovary is also found, in front of the union of the 
intestinal cseca. The uterus is short and contains a few (usually only one) 
lateral-spined eggs. The shape of the bulb of the shell gland determines the 
shape and position of the spine. The yolk glands occupy two-thirds of the 
body at the posterior end. The anatomy is otherwise as in 8. hmmatohium (q,v.). 
Hermaphrodite and bisexual males are found in hyperendemic infections and 
in unsuitable mammalian hosts. 
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Habitat. — It lives in the venous system, especially the inferior and superior 
mesenteric veins, the hsemorrhoidal plexus and the portal system. If at autopsy 
venous blood from the liver is squeezed out on the side of a glass vessel, the 
schistosomes adhere, and can be picked off. The eggs are deposited in the sub- 
terminal branches of the mesenteric veins where, aided by the lateral spine, the 




Fig, 260.— Diagram representing deposition of eggs by (a) S, majisoni and 
(b) <Sf. kmatoUum in blood-vessels, and their passage to exterior. 

1. Anteriur sucker ; 2. posterior sucker , 3. vaginal orifice ; 4. uterus with contained eggs 


ovum escapes (see also p. 247). In the bowel some pass through the muscularis 
mucosae via the capillaries ; when present in large numbers, they produce acute 
dysenteric symptoms. 

The egg measures 150 by 60 ft, the lateral spine 20 (jt, but there is considerable 
variation. Immature specimens in intestinal lesions differ from eggs found in the 
faeces in being smaller. The miracidium is similar to that of S, hcmatohium, but 
may he larger. If the faeces are diarrhoeic, the miracidium often escapes in the 
lumen of the bowel. 

Life-history.~The sporocysts are convoluted thin-walled sacs within the head 
foot region of the snail and each contain 200-400 daughter sporocysts. Each 
miracidium carries 50-100 germinal cells which divide to produce anything 
up to 200-500 sporocysts. 

The daughter sporocysts leave the mother sporocysts and migrate to the diges- 
tive gland. On reaching the location the daughter sporocysts enlarge and give 
rise to cercarise. Most are derived from separate germinal cells carried by 
daughter sporocysts (a process known as polyembryony). The cercariae were 
thought to differ in the two species, but this is probably not correct ; but 
according to Faust, on the whole these cercariae have somewhat smaller bodies 
and longer tails than those of 8. hoermtohium. After penetration, they take six 
weeks to mature. The eggs are laid mostly in the portal system, eventually 
passing through the intestinal, mucosa to escape in the faeces. Vogel 
has succeeded in infecting B. pfiijf&ri with a single miracidium. The 
proportion of the sexes eventually produced from cercariae derived from a 
single miracidium is equal. Development takes place mostly in mollusc 
of the genus Planorbis, now known as Biomphalaria (Fig. 256 B.C.), viz., 
B. loissyi (Egypt), B. alexandrim and B, herbeni (Sudan), B. neosudanica 
(Nyasaland), B. pf^ifferi (Sierra Leone, South Africa, Rhodesia), B. alexandrim 
tanganyicensis and B. choanomphala (Belgian Congo), B. philippici $id)‘angvlata 
(Tunis), B. gihhonsi (Zanzibar), B. stanleyi (C. Kenya), B. adowensis (Abyssinia), 
B. ruppelli (Eritrea), B. cultrata (Venezuela), Australorhis ghhratus, syn. P. gmde- 
loupensis (Venezuela, Antigua), A, olivaceus (Brazil and Dutch Guiana), A. 
centimetralis (Brazil) and A. antiguensis (Antilles). It is probable that some of 
these species of Biomphalaria may prove to be geographical races. Cram and 
colleagues (1944) have demonstrated that Tropicvyrhis havanensis and Drepano- 
trerm cvltratus, widely distributed in Louisiana, Texas and Cuba, are good 
laboratory hosts. of this parasite. Files and Cram suggest that there are physio- 
logical varieties of the same snail which affect their capacity to act as 
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iiil(‘riJio(liarv l^razilian AiuslKtlorhis (jlahratufi dilloi* from Mic samo apeuicH 

from VViioziiel.^ and rortu llmu. Tlie foiitrasl. between the auHcejdlbility of 
BioniiJiHhirlu iP) IVoin Liboria and B. bois'.si/i from tbofic in the 

W. Henua])hm'e supports tho theoiy iliat. this pai'asiU' wa,s orij-iiially imported 

from W. Africa. , , , • u 

Papii’mcister and Ihiii^ liave deinonstraUal tlial. u bt‘n cercarue ol A. nKnisotn 
iiewlv (‘iiieii>ed from Aif^^traloibis (jlabnilu,^ are exposed to diluted seriiin from 
moid'«‘ vs or '"patients ^\ilh schistosomiasis a precipitate forms around them. 

Hvaiuronidasc^ is an en/vme which is (dahoratc'd l)y (^miain baicteria. by means of 
\^hiell they ar(‘ able, to spiva.d in the tissue's, 'fliis feniu'nt. (beviiie and otliers) 
can be detected in A', nianwni ee'rearije; but. it. is not. elaimi'd t hat. it. is the. only 
('iizyiiu' concerned in eercarial peneti‘ation oft.be skin. 

SenisTosoMA .iai’onumjm (Katsiirada, 11H)() 

Synonym . — BiUmniajaponim (Fi.i^. iitJI). 

Distribution.—Japan, (^hina (Yangtse, North Uiver, Yunnan), Upper 
Burma., South Bhilippint^ Islands (vSainar and Leyte), Oelobes : in restricted 

endemic foei. This speeies occurs also as a 
natural infection in t»hc cat, pig, dog. horse 
and cattle, it can be transmitted to monkeys , 
rabbits, ha.instei’s, nii(ie, rats and guinea-pigs. 

Characters.™ Tli(‘ inal(‘ m(‘a.suros 9-1 2nini. 
by 0*5 nun. and has (i-K cdliptieal testes situ- 
a.tod dorsally to the ventral siudccM*. The 
vasa eflerent.ia join to form a t^onnnon duet 
opening posterior to it. d’lu're. is a large 
s(‘.ininal vesiele. 'I'lu^ posterior portion of the 
fluke: widens out, and the sides ov(M‘lap more 
e.xtensively than inotber Hpe(*i(‘S. 'riu're are 
no tubereulations. 

'The /(7/m/e m(‘asur(‘.s 1 -2 2 dl cm. by 0-9 nun. 
but shows variations in siz(‘. I'lie ovary is 
centrally situated, and the intestinal emca 
unite immediately behind it. VVell-d(W(‘lop(‘d 
yolk -glands extend to the posterior extremity. 
The uterus also is well developed and wider 
than in other species, lb contains .50 or 
Fig. 261. - {Srhiatosoniu japouinun, more eggs in two rows. 

male and female. 10. gcMun-al aiuiLoniy differs mainly from 

\.s., AmcnDrsuciiorH; o.c., ^^luwoiiiiori': other spcclos ill tlio Smaller size and absence 
I'liunl; (i.o., p:ci)ll.iil cpcimi'f ; n, iul.(‘s- ..i i i i* u i i i i 

tine I I.C., union of iiiiit'st.inni ojocn. , of tnbereulatioiiH. Siickt'i’H are placed dost. 

o.s.,’a-iio)»iiLm'us; oo., ev., together at the anterior cxf.reinity, the 

siSugkndt t.’!^uXs; ^vA-t^'n-nilr; ventral one (arcPibulwm) Ixdng pctlinumlated 
v.o.j viU'iimr giiunis; v,s., vosiciiln fun lie l-sli aped. SiiektM'K and vtmtral 

surface are: covert'd with small spines. Both 
suckers arc larger than f.hos('. ol’N. hivnutlabUnu. 'Phe (esophagus has f tro bulbs ; f.h(‘ 
bifurcation of the inf-t^stinal canal takes plat'c at th(b levtd of tht*. ventral suektM', 
but theemea join more posU'.rioriy, the united gut occupying usually nearly lialf 
the body length. The excretory system consists of two longitudinal canals 
opening dorsally by an excretory pore. 

In utero the egg measures 60-80 g by 40-00 but when in fmees, 70-100 (x by 
50-65 g, is oval and practically spineless, but there is a rudimentary knob-like 
lateral spine in a small depression of the shell (Plate ^XVl, IJl). ^fbey arc 
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oxtriuled into the blood vessels, and are found chieHy in tJie intestinal walls, 
liver, pancreas and mesenteric glands and brain. They may not be found in 
the faeces, but may be present in the duodenal contents. WTien they are passed 
into water with the faeces they hatch into ciliated miracidia. llie cephalic 
glands of the miracidium are smaller than those of other species. According to 
Vogel, the maximum life-span of the egg is 21 days, of which development 
occupies 9-10 days. The mature uiiracidiuiii inside the egg lives a))out 12 days. 



Fig. 262. — Molluscan hosts of l::3chis(usonin Jujionicuni. 

Top nns. ( hinuinlitnia nosinihom, liottoni I'ow ihinintihiUKt 


Habitat.— Large numbers have been found in man at autopsy and 20,tHXi 
liavebcen recorded in an experimentally infected horse. This schistosome inhabits 
the veins of the large intestine, the gastric, superior mesenteric, splenic and 
(‘ardiac veins, occasionally also the pulmonary arteries, but rarely any others. 
It commonly inhabits the veins of the small intestine and in this respect differs 
from the othiT two human species. 

Life-history. — This is similar to that of the preceding species. Losing its 
cilia, the miracidium becomes a sporocyst in the liver and hermaphrodite gland 
of a snail, Oncomelania (several species, Figs. 262, 263). The delicate, elongated, 
finger-like sporocysts each produce 60 or more daughter-sporocysts. Cercarise 
are similar to those of other species, but are said to he smaller (0-48 mm. by 
0-05 mm.) (Fig. 265). They are produced sixty days after infection, are 
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phototactic and unable to survive a temperature above 50° C. or below 2° C. 
Discharge of ccreana*. from Oncomelania qnadrasi takes place largely at night and 
continues for 2-3 consecutive nights (Ingalls). The critical factor appears to be the 
alkalinity of the water — 7 •(). The oral sucker is 

4 greatly developed. The cercarifc escape into water, 

and penetrate the akin; subsequently minute flukes 
(schistosomula), measuring 150 ju., can be found in the 
liver. They attain maturity in 30 days, and in 35 days 
eggs appear in the fseccs. Those i*eacli the lungs 
X 2 through tlie pulmonary arteries, and travel via the 

ineaenteric arteries and veins and portal vein]to the liver. 
The molluacan host belongs to the genus Onronielanm 
Fig. 26 Z.—Onco 7 rielama (Orcdlor, 1831), sometimes also known as Kataymm, 
/wpe/wwwithopeiculum. Hypsobia^ Bluvfonlia and Hmdhia. 0. msoyhom 
(Japan and chiefly China) ; O. /omnwnn, which has a 
relatively shorter and broader shell (South Formosa) ; 0. Iiwpmms (Fig, 263) 
(Yangtse Basin, China) ; 0. (KaUiymm) taiigi (Fukien, China) ; 0. (Bhvjordin) 
japotiica (Japan, Sadi) ; and 0. {Hydrobiopm) quadraai (Philippines). 



Fig. 2(»4.— Operculum and shell of Oncomdania nosophora. {After Robson.) 

K, Opcreulum , x 12, iliaf,TOmnmti« to show acsbomo of coiliiii'. n, Oriil tiHiiecb o£ aUcll, x i, c, 
Lateral aspect of shell, Khowiug labial Hwcdliny, x 1. 


Oncomelania has a long narrow shell with multiple whorls, the breadth increas- 
ing from the apex downwards. It is 6~12 mm. in length. The basal whorl is 
never broader than the one above it. Its apex, though frequently worn, is 
sharp, and the mouth of the shell ovate. The outer lip is sharp and the external 
surface coarsely ridged. The operculum is thin, transparent and ovate. There 
is a spiral figure on the inside (Fig, 263). All these snails live in damp places, 
not in water, burying themselves in the earth. They favour slow- moving water- 
courses rich in vegetation. At the northern limits of their range tliey hibernate 
When climatic conditions are unfavourable they continue to harbour cercarim 
but do not void them. In Japan and the Philippines Oticmidmiia is closely 
simulated by Blanfordia, but the number of whorls is smaller and tiie contained 
mollusc has a proboscis-like snout. 

An important factor in the life history of 0. Mipfmsis is tliat the eggs are (covered 
with a mineral slime which is derived from a clay in its normal habitat and without 
which it cannot multiply. 

By supplying this clay the snail is easily maintained in the laboratory and can 
be infected with 8. japonicum. In America it has been found by Berry and Rice 
that a common water snail — Pom<atiopsis lapidaria — can transmit this parasite. 

Vogel (1941) succeeded in producing hybrids between 8. japonimm and S. 
mansoni. The eggs were not deformed, hut retained the shape of those nor- 
mally passed by the mother flukes 
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Other Schistosomed^ 


8. bovis (Sonsino, 1876) is found in sheep and cattle in South Africa, South 


Europe and Malaya, and occasionally ac- 
cidentally in man on the shores of L. Victoria, 
Uganda. 

The egg differs from that of S'. hoBmatobium 
in being longer and narrower, with a terminal 
spine; it occurs in fseces and urine. The 
molluscan host is Physopsis rmuta (Kenya). 

8. rmttheei (Veglia and Le Koux, 1929), but 
probably synonymous with 8. bcyiis, is found 
in association with 5. hcemaiobium in the 
vesical veins of man (Southern Rhodesia, 
Blackie and Alves). The egg measures 240 jjl 
by 70 jM and is seen in urine and fseces. 
The male measures 1-8 cm. by 1 mm.: 
the female 1*7 cm.-2-5 cm. A baboon is 
the reservoir host. 

The eggs of 8. incognitum (Chandler, 1926) 
have been seen in the fseces of man in 
Krishnagar (Bengal) ; they resemble those 
of 8, indkum (of cattle), but are smaller and 
less regular, resembling those of 8, suis. 

Schistosome cercariae.^— These consist of 
a body and elongated forked tail (Fig. 265), 
measuring 0-48 mm. in total length. The 
head and tail are approximately of equal 
length. The cuticle is beset with microscopic 
spines. They have an anterior um-shai)ed 
oral, and median muscular, ventral sucker ; 
the former is larger. The central part of the 
body is occupied by the oral glands and a 
mid-line oesophagus, on either side of which 
are the ducts of conspicuous peri-acetabular 
glands, opening by small retractile papillae 
surrounding the mouth. It has been shown 
that the peri-acetabular glands are connected 
with the penetration of the skin. Contrac- 
tion of the circular muscles compresses the 
ducts and expresses the secretion, enabling 
the cercaria to burrow into the tissues. The 



mouth opening is small, oval and placed on 
the anterior surface. The (Esophagus is 
situated at the lower pole. The ventral sucker 
is covered with small spines pointing to the 
periphery. There are five periacetabular 
glands, having large clear cells, with con- 
spicuous nuclei and acidophil protoplasm. 
There is a primitive nerve ganglion anterior 
to the central sucker. The posterior genital 
centre consists of a mulberry mass of cells. 


Fig. 26S. — Cercaria of Schistosoma 
japowicMM. ventral view, x 240. 
{After Corty “ Vniv. of California 
Publications in Zoology^) 

cu, Anterior spines ; &, excretory bladder ; 
cj, cephalic glands ; cw, circular muscles ; 
deg, ducts of cephalic glands ; ds, digestive 
system ; ezp, excretory pore ; /, flarae- 
ceU ; hg, head-gland ; i, idand in excre- 
tory bladder ; U, lobe of tail ; m, mouth ; 
n, nervous system ; st, stem of tail ; r, 
rudimentary genital cells; s, ventral 
sucker. 


1 As many as 30' i, COO may be discharged, and the ceroariae are all of one sex. The metacer^^ 
(or schistosomul£c) are carried to the lungs and remain there long enough to squeeze through the 
capillanes in order to reach the pulmona^ veins. Only those which leave the aorta by the ooeliac axis or 
mesenteric arteries and reach the liver via tbe portal vein survive. 
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Tlic oxoretcTV systcui consists of four pairs of Haino-cclls on tJie margins of the 
body; the canals foj'iu collecting tubules of greater calibre running forwards and 
backwards, to meet at the posterior end of the body. The duct is continued 
through the tail where there is one pair of Haine cells. 

All cercariae are “ pbototactic,” emerging from the snail in sunlight between 
9 a.ni. and 2 p.in., and do not emerge on dark days ; some 50 to 1,000 may be 
discharged daily. The optimum ieinpcraiure for most species is 32-33° 0., but 
for wanainn, 15-35° (-. An abundant sujjply of (nxygen is necessary ibr thoir 
survival. The lii)s of the oral siudvcr arc extended or retracted to assist in 
entering skin. Corcariie cannot feed. In water they swim until ease, moving by 
the tail and body, in a idrcular moveincnt pro])(dling knvards the tail. They 
rest with the prongs of th<^ tail on the siirlacc, and Ihcn slowly sink ; Muy tlum 
absorb oxygen through the tail, then rise again. The total lifi'-span is 5 days ; 
they arc infeutive for 3, becoming motile when the water is disturbed. Tliey 
adhere to the side of the vessel by the ventral sucker and, w hen they fix on to 
an object, they idongatc. l\lovcni(Mif. on a lixt'il surfact' is cifectcd by releasing the 
ventral sucker, contracting the body, and thcji allixing themselves by the oral 
sucker. Warintii ajipeuirs to be the chief factor in attractiim to a host. When 
they contact it, they cast off their tails, pierce the cpitludiinn, lose the cephalic 
glands, and b(‘C()ine a Mhis/o'^omuhtin. The cercariic (•(>ini‘ int coniaclr witfi the 
skin at the surface film and, as ih(‘ wakT evaporak^s, lliey ent.(M’ tlic skin. Adult 
schistosomes arc foundin tiu' portal vein within six weeks. 

There is no general agrcoinont on the different minor details in the structure 
of the three human species ; probably there are individual differences in various 
batches. The average size is 0**1 -0*5 mm, in total length ; on the whole, ccrcariso 
oi' S. japtMienw ar<‘ smaller than others, w'ith measurements us folloivs : Body, 
100-160 fL in length by 4(M>(> /x in transverse diameter ; tail timnk, I40-I(i0 (i 
in length by 40-(>6 \i in diameter; furci, 50-75 /x long. All kinds have 5 or 6 
pairs of salivary-mucin peri-aci'tabular ])en(‘tration glands.^ Jmnum'irablo 
tromatodo ccrcarim are found in freshwater snails in tropical (umntries. The 
lifc-histoiy of many is unknowui. All schistosoino (‘lu'caria* of man, mammals 
and birds have fork(‘d tails. 

C. elv(ii is found in Lake Micliiga.n and in several Minnesota lakes uud is a 
schistosome cercaria (non-mammalian) emerging from Limnan var. 

appresm {soe p. 070). It produces a papular erudition in batluM's. ( \ ocrllnfa 
(Taylor and Baylis) produces “swimmers' itch” in Lake Moath, near (!ardiff, 
emerging from L, stagmlilis at certain times of the year. It is jirobaldy a 
schistosome parasite of a winter fowl. Other species are C. donthilli, C. 'phip^dloi 
and C.stagnkolm. The rash consists of blotchy papules with a central puncture 
(p. 070). In Malaya and India a similar rash Is produced soinetinu^s l>y cercaria; 
of Sckisfawvia spwdaU of the Indian water buffalo. 

Aivu’msTOjyi k 'rnuMATODKS 
Oafifrodidcouks Imninid (Lewis and MauConncll, 1870) 

Distribution. — Malaya, Assam, India, Burma, (lochin (Jhina, British 
Guiana. In Kamrujj District, Assam, 41 per cent, of tlu*. population arc infected ; 
in Burma. 5 per cent, 7'he normal host is the ])ig or the mouse-door. 

Characters, — The fluke is reddish from Incmoglohiu pigmmit. When alive, 
it is very expansile and can elongate to 1 cm. Preserved specimens measure 
5-7 mm. by 3-4 min. at the widest point. The anterior end is conical, the 
posterior discoidal flattened ventrally to form a concave disc. Prominent 
genital papUlie are seen, and the common genital pore is 2'6 mm. from the oral 

] Faust stated that the eerfaria of X. fnmutobium has 2 anterior pairs with oxyphilic and li }»ORterior 
pairs with bascphilk* gmimles ; those of id. niamtoni 3 anterior oxyphilic and 4 posterior basopliilic ; and 
those of a, jaimieiini 5 pairs witli Hue oxyphilic {'raimles. 
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sucker. 'J'lic veutral sucker (acetabulum) is ventrally situated in the caudal 
portion and measures 2 ram. in diameter. The cuticle is smooth. The alimentan* 
canal consists of a pharynx with two pear-shaped pharyngeal pouches. The 
oesophagus is 1 nira. in length, and ends in a muscular bulb where the bifurcation 
of the intestine takes place and c?eca run back to the edge of the acetabulum. 
There are two lobulated testes placed diagonally betw'een the intestinal cspca. 
A seminal vesicle is present, but no cirrus. The ovary lies in the luidline, posterior 
to the testes. An ovoid shell gland is placed near the ovary w it li a receptacidurn 
semuiis anterior to it. ’’I’he uterus is short. Laurer's canal is present. The 
vitellaria lie in the raid-third. The egg measures 152 [j, by GO jx and has an 
operculum. Devclopiueut outside tlie l»o(ly takes place in a snail, probably 
Chopalra hitUmavhs. 

This fluke lives in the caecum in large numbers and usually produces nt* 
symptoms. Thymol, carbon tetrachhjvide and tetrachlorethylcne are elTective 
in treatment. 

Pseudodiscus (Watsonius) ivufsohi has been found in large numbers in a negro 
in South West Africa (1904). Its normal hosts are monkevs of the genera 
Cercopithecus and Papio. 

CESTODES (kestos = a girdle) or TAPEWORMS 

The head of these worms develops from the end of the (unbr^ o opposite to the 
head, and shows independent co-ordinated movement. The strohih, or segments, 
have their own musculatiu’e, w^hich relieves the strain on the head. The worms 
can live for several years. They absorb nutriment through the cuticle. They 
arc hermaphroditic, the male segments fertilizing the adjacent female. Male 
organs develop before the female. 



Fig. 266.— Mature segment of Diphyllobolhrium latum. {After and Landois^ 

hi Brumpt's “ Precis dc Parasitoloyie.^'') 

Doreul, or lualo aRi)ecb.^ T, testes; V.h., viis defereua; V.(5., viU*llinf‘ 
u, Ventral, or female asi)eet'. C.p., cirrus pouch ; ov., ovary ; S.O., sliell-glainl ; IT., uterus; Va., 
vagina ; V.a., vitoUiue glands. 

Human ccstodes arc divided into tv\o orders ; 

1. Pseu-dophi/lUdea, with slit-like suckers, oval head, two long grooves with 
muscular Avails, no hooks, and the genital oriflee on the. flat surface. 

2. Cijdophjllkha, eup-like, or round suckers ; genital orifice marginal. 

PSBUDOPHYLLIDEA 

DmiYLLOBOTHKITIiM LATTT.M (Linn. 1758) 

Synonym.— Dibothriocephalus latus (Fig. 2G6). ‘‘Broad Tape Worm.” 
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Distribution— It lives iu the small intostino of man, the dog, cat, bear, 
walrus, sea-iioti, fox, mongoose, mink, and pig, and is found in Sweden, Russia, 
Switzerland, Rumania, Turkmenistan, Japan, Madagascar, the Central African 
lakes and in the rivers Erne and Shannon in Eiie (Ireland). In recent years it 
has been introduced into several big North American lakes, especially Lake 

Michigan, wliere it is known as the 



Fig. 267.-~Evolutionary cycle of Di'phyl- 
lohothrmm latum. Drawn to different 
scales. (I^arfly after Brumpt.) 

A, Egg of D. latum ; B, hexacantb embryo ; 0, 
ciliated onchosphere or coracidiiim ; D, B, B, 
development of larva, or procercoid, in Cyclops; 
Q, procercoid in body-cavity of Cy^ops ; n, 
development of plerocercoids in fishes; J, 
plerocercoids of different shapes, ingested by 
man, dog, or cat. 


“Broad fish tapeworm.” 

Characters.— It is greyish and more 
translucent and less fleshy than Taenia 
and may attain a length of 10 metres, 
lying coiled up in the small intestine. 
Multiple infections are common. The 
scolcx (3mni.) has no rostellum or book- 
lets, but two slit-like suckers with longi- 
tudinal grooves (bothria). The neck is 
thin ; the proglottides number 3,000- 
4,000. It lives 5-13 years and the 
number of worms corresponds to the 
individual plerocercoids swallowed 
(Lciper). Mature segments are broader 
than they arc long. (For details of 
anatomy of male and female elements, 
see Fig. 260.) 

The egg is operculatod, with a brown 
shell, measuring 70 gC by 45 p. (PI. 
XXV 1,21). No segments are passed in 
ficces (unlike Ta?-nia). The eggs are found 
in vast numbers in the faeces, occupying 
one third of their bulk. The yolk-cells 
are tightly packed, crowded with steel- 
grey granules (thus differing from 
trematode eggs). 

Life-history (Tig. 267), Rosen and 
Janicki, 1918.— The egg is passed in 
water; when the operculum is lifted, 
the ciliated six-hooked coracidium 
emerges ; resembling a ball (22-30 /x), it 
swims by means of its cilia, but dies in 
24 hours. Normally it is swallowed by 
freshwater Crustacea, the first inter- 
mediary — Cyclops strenuust Diaptomm 
gracilis ; D. graciloides or D. oregori&nsis^ 
D. silicis and B. silicoidesiu U.S.A. The 
outer layer is then digested. The hooks 
tear a hole in the gut wall ; it passes 
into the body cavity and may kill the 
Cyclops. Lying outside the gut wall, it 
becomes the jjrocercoid larva (Fig. 267, 
D, iSjF) which is ovoid, 50-60 p long, 
with a terminal spherical appendix and 
six hooldets in the terminal appendage or 
cercomer. At most two of these are found 


in one cyclops, which is then swallowed by fresh-water fishes of many species, 
the second intermediaries— pike, perch, salmon, trout, grayling ; in Africa the 
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barbel ; in U.S.A. the pike, wall-eye and burbot. Reaching the stomach of 
the fish, the procercoid penetrates to the body cavity, and, after three to four 
days there, encysts as a pJerocercoid or sparganum (6 mm.) in the muscular and 
connective tissues. Sucking, cephalic grooves, nervous and excretory systems 
are developed. It is then ingested by man vith raw roe (caviare) or insufficiently 
cooked fish and the plerocercoid develops in five to six weeks into an adult DiphyU 
lobothrium. Fresh- water fishes harbour other spargana which cannot be differen- 
tiated in this stage. 

NM. The process of “ kippering *’ does not kfil the plerocercoids, and ordinary 
smoking is ineffectual, but brine saturation is effective. 

Pathogenesis and treatment. — Symptoms are usually trifling; there is 
early eosinophilia in a small percentage and even sometimes severe pernicious 
anaemia. Dried or alcoholic extracts of the worm cause destruction of red blood 
corpuscles, but not proportionately of the haemoglobin, especially in patients 



Fig. 268. — Diphyllobothrium mansoni plerocercoids extracted from an abscess in a Masai. 

{After Sambon.) 

a, Natural size ; anterior extreinit7 ; c, posterior extremity. 


previously subject to this ansemia ; these extracts have no influence on normal 
blood or cryptic pernicious ansemia. The worms are expeUed by filix mas, 
tetrachlorethylene, or oleoresin of aspidium. There are records of hundreds of 
feet of worms expelled after anthelmintic treatment without any appreciable 
symptoms, but Tarassov (1937), who experimentally infected himself, had 
marked abdominal pains and loss of weight. 

Diphyllobothrvum minus is a small variety which the Russians claim as a 
separate species. It has been found in Lake Baikal and has a similar life-history 
to that of D. latum. Its second intermediary hosts are various species of salmon 
and grayling which are eaten salted or frozen by Mongolian peoples. 

Diphyllobotbbium mansoni (Cobbold, 1882) 

Synonym . — Dibothriocephalus mansoni. 

Distribution. — Japan, China, East Africa, Australia and British Guiana. 
The adult form is found in the dog, wolf, fox, cat, leopard and tiger, and its 
plerocercoid in man, frogs and snakes. 



MKDJCAL lirJ.MlN'l rrOLOCiY 


m) 

Characters. — it Lfiseiublcs JJ. latum, is O-LO in. lonuj, and has a more delicate 
structure ^vi^.h a luirrowor u iid more elli^isoid egg than D. latum. 

its pliM’ncerooid \va,s named Spanjanum. ■inau.^oul by CVibbold. It was fipst 
found by Mansonin ISSl:! at the autopsy ofa ( 'liincse. HiiUiO then bO eases have 
been reported. Tbe lif(‘ history was worked out. hy Yoshida. and later by 
Olvumnra. 

Life-history.—Tlie adult stage oeeiirs in t.ho dog and other animals, the 
pleroeoreoid under natural eondit.ions in tbe frog (AV/v/o nigromaculaln), or snake 
( Klaphe climmophom). The proeeivoid in Cifchps leurhtrfi shows i ho same stages 
ws, in D. latum.. 

Man is infected by accidentally swallowing a proeeruoicl whilst drinking, thus 
becoming a second intennediary. The Cdiineso custom of jipplying raw split 
frogs to sores on the hands may be a chief poi'l.a.1 of eiitiy ther<^. ddio sj)ai’gannin 
in man mea.sures cm. by 01-12 nnn. by 0-5-1 -75 mm. thick (h^'ig. 2()8). 
Its body is llai and transversely wrinkhsl, wit.li a longit udinal median groove. 
It is fonnd in many parts of t he body : ki<ln<‘vs and iliac fossic. ])leiirid cavities, 
urethra Mind snbcuiianeous I issues. 

Oruittr in 'rontpiin (Casaiix) is now Ixmoming oommoiuu’. 'fhe 

pleroeoreoid gets iitto liluj orljit and causes pain, I'lulm'ss, o'doma of tlu‘. I'yelids, 
lacrymat.ion and ptosis. It lias been found uiKh'r the eonjunetiva in dai)an 
and China — probably also as a. re.sult of sjdit.-frog ponlti<‘<‘a, made from the tree 
frog {Rmia- Ihnuochan'fi). 

Treatment.— Intravenous ncosalvarsan, 0*3-()4r)grm., is givim, and repeated 
in four to five days. Tarsorrhaphy should be peidbrmed to ]n‘es(Tvo t-bo cornea 
until the worms have boon killed. 

Stpimumfra 'UKiu.s‘ 0 })'it)i<lou, or >9. hauijhhmi, an ab(‘rra.nt tbrm found in eats and 
dogs in IbS.A., was din<‘r(‘ntiated by Mueller 
from 1). mmsoiii by the poorly-d(‘veloped hotliria. 
1’lic scolex imuiHures t)-2-(br> nim. as against 
0'4“<)-S mm. 

S. mmmmioUh'ii (IMiielbu', llUib) has now hoen 
found to be the ])ar(‘nt form of t^parganvrn 
proUfiTum. (Ijima, 1905) (Fig. 2119). S. ^rianmii- 
oi(k(t is found in the intestine of the cat in the 
Southern United States, and is aej)ara.ble from 
D. latum and D. cordatuni by tbe scolex, uterine 
eharautoristics and smaller size. S})ecimena vary 
from 20-60 cm. in length, hut may attain I in. 
by « inm. Immatun^ proglottides number 
200-300. 

The egg is pointed, H5 by 37 //., with a conical 
ojierculnin. The life history is as in D. kkwi. 

Tho Yi\cTOcovco\d?\ {sparganujn) measure 3-12 
mm. by 2-5 mni. (Fig. 269) and are contained in 
cysts, which ai*e found in man in Japan and 
Florida. The body contains calcareous 
corpuscles. Tho cysts became disseminated . 
throughout the body in tho subcutaneous tissues, 
intramuscular fasciae, walls of the alimentary 
canal, mesentery, kidney, lung, heart and brain. The prognosis in man is 
grave. Similar pleroceroids have been reproduced in inacaquo monkeys, 



Pig. 269.— Different forms of 

t^pargamm pmtiferim . 
{After Ijima.) 
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Cyclophyllidea 

Tjenia solium (Linn, 1758), “ Pork tapeworm.’’ (Fig. 270) 

Distribution. — This is world-wide, co-extensive with the intermediary, the 
pig. The worm is unknown among Mohammedans and Jews, and is rare now in 
England, owing to meat inspection. 

Characters. — It lives in the upper third of the small intestine. The name 
“ solium ” is derived from the resemblance of the rosteUum to the conventional 
figure of the sun. It attains a length of 2-3 m, — exceptionally 8 m. The head 
is globular, quadrangular, 1 mm. in diameter, and the rostellum short and pig- 
mented, with a double row of 20-50 booklets (Fig, 270, 3). The four suckers 
project slightly and are circular, measuring 0-5 mm. in diameter. The anterior 
proglottides are small, broader than they are long, the more mature ones measur- 
ing 12 mm. by 6 mm. Each proglottis has a marginal genital pore with thick 
lips ; its situation alternates irregularly between the right and left margins. 
The uterusismedian with 7-10 stout diverticula (Fig. 271, A). The testes consist 
of 150-200 follicles, distributed throughout the dorsal plane. Proglottides 
miiuher less than 1,000. Teriuiiial ripe segments juiss out in the fteces and 
liuv(" an in(hq)eiident movement uhieli enables them to mitrrate (nitside the anus. 



Fig. 270.— Heads of human cestodes, showing suckers and, when present, 
arrangement of booklets. Diagrammatic. 

1, Hijmenoleins mina ; 2, Dipylidtum caninum ; 3, Tcenia solum ; 4, Tmnia saginata. 


The egg measures 31-56 in diameter, and is round with no operculum. It 
has two radially-striated shells, the inner formed by the embryo (thus differing 
from pseudophyllidea), and a vitelline membrane when it is in the segment 
which is lost in the faeces. Small numbers of eggs are found in the faeces when 
the segments bi'eak. They contain the six-hooked onchosphere (PL XXVI, 16). 

Life-Msiory . — Mature segments are detached and pass out with the faeces ; 
they disintegrate and the eggs are set free and eaten by the intermediary host 
(the pig). Man is occasionally infected by cysticerci [see cysticereosis, p. 817), 
so are other primates, occasionally sheep or dogs. The onchosphere penetrates 
the gut wall and enters the bloodstream, settling in the muscles, where it loses 
its hooks, and becomes a cysticercm (5-20 mm.). Known as Cysticercus cellulosce, 
it has a small, invaginated scolex and a neck, resembling a miniature adult tsenia. 
Infected pork is popularly known as “ measly pork.” 

In the alimentary canal of man, or other definitive host, the bladder of the 
cysticercus is absorbed by the gastric juices ; the scolex and head are evaginated 
and then pass to the small intestine, where the scolex fixes itself to the gut wall 
and forms proglottides. In man, cysticerci are found in the tongue, neck, 
ribs, liver, heart, lungs, brain and eye, where they may persist for 20 years. 
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Epileptiform convulsions are frequently produced (p. 818). Larvee may develop 
from viable eggs in the gut as an accidental infection, or auto -infection in 
persons infected with adult tsenia. Clinically, tliis variety of bladder-worm is 
sometimes known as Cysticercus racemosus. 

Pathogenesis. — T. solium usually produces no symptoms, but in debilitated 
persons or in children it may cause gastro-intestinal disturbances such as anorexia, 
vomiting, nervous symptoms and even ansemia. (For treatment, see p. 816.) 

TguNiA SAGiNATA (Goeze, 1782) “ Beef Tapeworm.” (Figs. 270, 271) 

Distribution. — ^This is world-wide, wherever ox-meat is eaten ; the worm is 
still fairly common in England, and is universal in Abyssinia, where multiple 
infections are common. It lives coiled up in the small intestine. 

Characters. — T, saginata is whitish and semi-transparent, measuring 4-10 m., 
when fully adult it contains 2,000 segments. The scolex is pear-shaped, cubical; 
1-2 mm. in diameter with four lateral suckers but no rostellum or hooks. The 
suckers and sucker-likc organ at the apex are frequently pigmented. (Fig. 270, 4 . ) 



Fig. 271.— Segments of tapeworms. To show characteristic branching of uterus, 
as seen in mature segments. 

A, T(cnia solium. B, Tcenia saginaia. ut.. Uterus ; g.o., genital opening. 

{After JR. Blanchard, in Brumpfs “ Prich de Parasitologie.'^) 

The neck is long and half the width of the scolex. The older proglottides are 
elongated ; gravid individuals are three to four times longer than they are broad. 
The genital pore is single, marginally placed at the hinder end of the proglottis, 
alternating regularly between the right and left margins. There are 20-35 
lateral branches on each side of the uterus which may ramify. (Fig. 271, B.) 
The genital organs in the mature proglottis differ from those of T. solium in 
having about twice the number of testes (300-400) and in lacking the accessory 
ovarian lobe. 

The egg is globular, 30-40 by 20-30 ft, with a double-sheUed striated em- 
bryophore, which contains the onchosphere (Plate XXVI, 17). It is indistinguish- 
able from that of T. solium. 

Life-history . — Gravid proglottides emerge in faeces or pass to the exterior 
independently ; they then creep into grass or herbage, where they disintegrate. 
When the eps alre eaten by the ox, the onchospheres are set free and pass into the 
small intestine, where they bore through the wall, and are carried to the muscles, 
especially the pterpoids and the fatty tissues round heart, diaphragm and 
tongue. Then cysticerci are formed, measuring 7 *5-9 mm. by 5-6 mm. They 
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live for eight months in the ox and develop further in man, who constitutes the 
normal definitive host. The bladder is digested, and the liberated scolex, passing 
to the small intestine, affixes itself by suckers to the gut- wall. The cysts die at 
48° C. Infected meat is known to inspectors as “ measly beef.” (Several varieties 
are described : T. africana, hominis, pJiilippina, hremneri and confusa, have 
been attributed to new species, but are probably aberrant forms of T, saginata. 
Abnormal forms are common, such as T, lophoaoma,) 

Pathogenesis. — ^This worm occasionally causes abdominal pain, discomfort 
and anaemia. (For treatment, see p. 815.) Because of its large size the worm 
may be responsible for considerable disturbance in the normal functions of the 
digestive tract. The mass of an average specimen is about that of a liquid quart. 

LAHVAIi FORMS OF T^XIA IN JVIaN 

The hydatid is the larva of Echinococcus granulosus ; the adult lives in the 
intestine of dogs. 

Cysticercus celluloses is the larva of T, solium (q.v,), 

Cysticercus bovis is the larva of T, saginata and has been reported in man on a 
few occasions. 

Ccenurus cerehralis is the larval form of Tcenia [Multiceps) multicejis in the 
sheep. It is the size of a golf ball, and is diagnosed by percussing the sheep’s 
head. The adult lives in the intestine of dogs, but is rare in man. The fourth 
case in man in S. Africa is described by Becker and Jacobson (1951). These 
cysts are far more common in sheep-rearing countries than has been realized. 
The focal symptoms are fainting attacks, hyperkinesis of the left arm and leg and 
staggering, but when the cysts discharge their contents they produce the psycho- 
logical picture of toxic psychosis. 

Ventriculography shows dilatation of the lateral ventricles. Headaches are 
common and there is severe papilloedema. The hydatid complement-fixation 
test is positive. Two infections of the spinal cord causing spastic paraplegia have 
been reported by Cruszi and LandeUs. 

In M. multiceps the rosteUum measures 200-250 ji; the number of booklets is 
24-32; the size of the large booklets 134-185 jj. and that of the smaller ones 
70-130 /A. M. glomeratus is normally found in gerbiUes and has been found in 
the chest wall of a negro in North Nigeria. Its hooks and scoleces are distinctive. 

Echinococctts granulosus (Batsch, 1786) 

Synonym. — Tcenia echinococcus, or Hydatid. 

Distribution.— The adult is a parasite of the dog, wolf, jackal, fox, arctic fox, 
monkey and kangaroo. It is common in Iceland, also in Esquimos, Australia, 
especially Victoria and Tasmania, New Zealand, and also in Arabia, Algeria, 
Tunis, Egypt, Abyssinia, Cape, Argentine and Uruguay, where the incidence in 
peons may be as high as 50 per cent. After ingestion of the egg by the inter- 
mediate mammal (sheep, ox, pig, camel, man) hydatids form, especially in 
the liver. 

Characters. — E, granulosus is very small, 2*5-6 mm. long, with a pyriform 
scolex, 0-3 mm. in diameter, provided at the apex with a projecting rostellum, 
four suckers and two circular rows of hooks, varying in size and number. (Fig. 
272.) The neck is short and thick ; the proglottides usually four in number. The 
last one is the longest (2-3 mm.) ; only one is sexually mature and this contains 
800 eggs. The genital apertures are marginal, one to each proglottis, in an 
alternating arrangement. The testes are spherical and numerous. The cirrus 
pouch is large and pear-shaped. The uterus is tubular and median, with short 
unbranched lateral diverticula. The adult is difficult to remove from the small 
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intcafciiJC‘ uf ilu* duu ^ itiioiil hrciiking its head. ai>i)oar in the dogV. ftvees. 

Sometimes the fouHli segment also coinoa away. Man is probably not a suitable 

intermediary. n i . 

The egg is ovoid, :12-3S (jl by 21-30 g, a.nd is doiible-slielh'd, the inner shell 
beiii^ thiek. 'the onehos])liere eontaiiis three ]>airs of embryonal booklets. 
When swalloueil, tlie shell is digesti^d and the oneliosphere escafics. After eight 
hours einbr\'OH can be found in the })ortal vein and liv(‘r, whence tliey are liltored 
out. The next filter is the lung, where a smaller luimhcr lodge. In three weeks 
tlie larval worm becomes vesicular and visible to the naked eye ; in thrive months 
it attains a diameter of 5 cm. and within live wreks has donhl(‘d that size. ^Plie 
hydatid cyst wall is composed of a fibrous laminated layer tormed by the host, 
a' thick niedian striated layer secreted hy tlic cyst, and an inner ^ germinal” 
layer from which the brood capsules a.nd daughter cysts arise. ^J^iore arc two 
types of proliferation: (1) endogenous, (2) exogenous. In the former, pro- 
liferation is inwards towards the cyst-cavity : in the lattiT it is outwards. The 
varieties of liyatid arc so striking that snhspccu^s liavi^ brnm postulated, espi'cially 
uJiH'ohr hyilatUk which apixmrs to hn.\<‘ a limited gcogm])hicid dist-rilmt,ion. 




Fig. 27Z. — Echinovoccus 

gramdosiis. X 15. {AJter 273,"-Schema of hydatid cyst. {After nianeluml) 

heuckarti iti liniifipt's 
“ PrAcis (Ic PimtMtoh- 


'riii* brood <'apsules a.iv fornuKl IVoin small nuchmr massifs of the parenchy- 
maious germinal layer ; later, they hecom(‘ vacuolated to form vesicles. Larval 
.scoleccs arise from a local thickening of the wall of tlu^ brood-cafisule ; thci wall 
evaginatos to form a protective cup for the growing scolcx. Near ilio head-end 
the cuticle thickens and a circle of hooklets develops. Tlie contractile part of the 
body of the soolox is capable of invaginating the bead, bo that in the typical 
resting position the scolex has the hookleXs inside (Tig. 273). Free brood* 
capsules and free scoleccs in the hydatid cyst cavity are known as “ hydatid 
sand.” In other cysts the brood capsules nev(‘r produce scokwrs and arc known 
as acephalocyats. 

Daughter-cysts may be produced hy injury or liy mechanical interference with 
the mother-cyst, inside which they arise from the detached germinal layer, and 
also from the brood-capsule cells ; rarely by vesicular changes from the detached 
scoleces. In the liver the daughter- cysts arc ])ilo -stained. Intramuscular 
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injection of scoleces causes formation of new cysts (Deve and Dew) and this 
accounts for the dissemination of hydatid c^^sts throughout the body which 
sometimes occurs after operation. 

h3sogenoiis daughter- cysts in the omentum and bones are secondary, caused by 
herniation, or rupture of both germinal and laminated layers through weakened 
parts of the adventitia from intracystic pressure. By final exclusion of these 
herniations new cj’sts form. 

IVlnltilocular cysts occur in the lungs, and form solid tumours like sponges. 
They are produced by a double process : peripheral infiltration by the parasitic 
elements and central necrosis of the mass. Metastatic lesions of this variety 
are constant. This alveolar variety shows a peculiar geographical distinction 
in the Tyrol. Wiirtemberg, Russia and Siberia. Formerly, it was considered 
that the adult worm belonged to a different species, but this is incorrect. Surgical 
treatment is almost impossible, though partial hepatectomy has been attempted 
(Brins). Alveolar hydatid disease has now been reported from jlJ^ew Zealand, 
associated with ordinary hydatid C3'sts of the liver. 

Dogs, foxes and jackals become infected by the adult worm through eating the 
organs, especiall}^ the offal, of sheep; the hj'datid cyst wall is then digested and 
N'oung tapeworms escape into the small intestine. Other naturally-infected 
animals are horse, camel, goat, monkeys, the Indian elephant, -wild sheep, some 
antelopes, moose, tapir, zebra, kangaroo, mongoose, cat, leopard, squirrel, rabbit. 
Man is infected by close association with dog — eating from the same dish or 
kissing. The eggs are also disseminated house-flies. H^^datids are common 
in children under ten. The symptoms vary according to the site of the cyst, 
and include toxaemia, pjTexia, urticaria and multiple cutaneous eruptions. 
Tumours form in the liver and burst, disseminating secondary cysts in other 
organs, and these may suppurate and cause general peritonitis. In the brain 
the hydatid causes a cerebral tumour; in the liver, spleen and peritoneum it 
simulates malignant growth. In the lung it causes compression, and in the pleural 
cavity fluid exudate. In the kidney the mass resembles a hydronephrosis. It is 
also sometimes seen in the long bones, heart and orbit. The relative frequency 
of cysts in various organs of man is: liver, 57-76 per cent. ; lungs, 3*8-14 per 
cent. ; omentum, mesentery and peritoneum, 1*37-18*2 per cent.; pleura, 
0*7-0 *9 per cent.; skin, subcutaneous tissues and musculature, 0* 7-9*1 per cent.; 
spleen, 1 *2-9 T per cent. ; brain, 0*9-2 per cent. ; spinal cord, 0*8-0 -9 per cent.; 
kidneys, 1 *6-6*1 per cent.; bone, 0 *8-9*1 per cent. 

The cyst wall shows an outer laminated chitinous layer and an inner germinal 
layer of small cells vith muscular fibres, calcareous bodies and glycogen. The 
cyst contains a clear, watery fluid of specific gravity 1007-1015. containing 
albumin and a protein allied to casein, sodium chloride (0*5 per cent.), phosphates 
and sulphates of soda, sodium and calcium, succinates, traces of sugar and inosite, 
and an intracystic toxin allied to albumin. Hydatid fluid in the abdominal 
cavity produces shock, which is probably anaphylactic, and the escaped daughter 
cysts produce others. Hydatids are usually slow-growing, and cysts may be 
sterile. In man they tend to die and calcify, but may suppurate. Surgeons in 
Uruguay aspirate the fluid contents of the cyst. Following incision into the 
cyst itself the wall of the cyst is scraped out and the remaining parasite tissues 
treated with I per cent, formalin. Then the cavity is washed out with physiological 
Haline, thus leaving no appreciable amount of formalin. 

Diagnosis. — The hydatid appears as a cystic swelling which, if near the surface, 
produces fluctuation, hydatid thrill ” ; if punctured by a syringe the scoleces 
and hooks are recognized. X-rays are helpful in hydatid cysts of lung, liver 
and when the long bones are involved. There are other aids to diagnosis. 
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(J) The precipitin tost (Welch and Chapman) equal parts of hydatid fluid and 
serum are mingled iiTid incubaied at 37*^ C. ; if the fluid is infected a precipitate 
forms. (2) The oom])leinent-deviation reaction (Weinberg and Parvu) is gene- 
rally accepted as reliable. It is performed by the Wassermaiin technique. Hydatid 
fluid (04 ml.) is mixed with an antigen made of scoleces macerated with alcohol 
(Fahley). (3) The Caaoni, or intradermal, test is diagnostic in 90 per cent. 
(Kella.way and Dew). A few drops of the hydatid of a sheep are injected intra- 
derm ally, and a reaction appears in ton minutes as a largo wheal suiTounded hy 
erythema. It fades in an hour. A secondary reaction appears eight hours later ; 
it is large and infiltrated by (edema. This test remains positive for years after 
the surgical removal of hy(latid cysts. 

Prophylaxis. — In endemic areas jxjriodic de worming of dogs is effected by 
areoolinc hydrobromido in the dosage of 4- mgni. per 100 pounds. 


Hymenolepis NANA (Sicbold, 1852) (Fig. 274) 

Synonym. — Tos^da mma, 11. niurina, “ Dwarf Tapeworm.” 

Distribution. — It is found in warm countries, Egypt, Sudan, iSiam, India, 
Ja])an, South America (Brazil, Argentine^ and especially Cuba), South Europe 
(Portugal, Spain and Sicily, where it affects 10 per cent, of the 
children). It lives in the small intestine (Crassi believed it 
to be identical with H. fratema of the rat) and parasitizes the 
Syrian hamster {Oricetns aumtas) (Watson). 

Characters. — H. mna is 5-45 mm. long and has 100-200 
proglottides. The scolex measures 139-480 p, is sub-globular 
with a well-dovolopod rostcllum, a single crowm with 20-30 
booklets (14-18 p), and four glo])ular suckers (80-150 p) (Fig. 
270, 1). Theneck is long, the proglottides short anteriorly, 
but the posterior ones increase in size and are broader than 
they are long. The genital pores are marginal and placed near 
the anterior border. There are throe testes. The vas deferens 
widens into the seminal vesicle, and the gravid uterus occupies 
an entire segment. 

The agg is oval and globular, and there are 8-180 in each 
segment. It has two membranes, outer (vitelline), 40-46 g, 
and inner, 20-30 p (Plate XXVI, 20). There is a conspicuous 
mammillate projection at each pole, enclosing an oncho- 
sphere with three pairs of hooklcts. 

The segments, when freed, arc partially digested and the 
eggs, sot free in the feces, are easily detected. 

Life-history. — This worm forms an exception to other 
members of the group, in that it has no intermediate host ; the 
larva enters the villus of the intestine to become a cercocystis 
(Vfllot). Its evolution was worked out in H. fratema of the 
Fiff 274 40-70 hours after ingestion the scolex appears ; in 

Uymemh'pis nana rostellum has booklets and then passes into 

the lumen of the intestine attached to the epithelium of the 
villus by a short neck. The rapidity of development 
varies greatly. Strobilization is rapid ; the proglottides mature in ten to twelve 
days, and after thirty days eggs appear in the feces. 

Pathogenesis and treatment. — H. nana appears in large numbers — ^hundreds 
or thousands. It may produce no symptoms, but occasionally there is abdominal 
pain and diarrhoea, rarely epileptiform convulsions, headache' or strabismus. 
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Nervous phenomena are due to the toxic products of the parasite. On account 
of its minute size, this worm is often overlooked. Diagnosis is made by finding 
the eggs in the faeces ; care is needed because they are so transparent that they 
may be missed. 

H. nana is not easy to dislodge by filix mas or oil of chenopodium ; tetra- 
chlorethylene (p. 817) is said to be more effective. Chloroquine has recently 
been advocated. Gentian violet is considered valuable, given in hard gelatin 
capsules ; for an adult, gr. 1 three times daily for varying periods. One 
month should elapse before cure is assumed. The stools should then be 
examined by the D.F.C. method (p. 1083). An infected patient should not sleep 
in the same bed vith another person. 

Hymenolepis diminuta ( Rudolph! , 1819) 

Distribution. — This is a parasite of rats {Rattus decumaniis, i?. alexandrinus) 
and mice {Mus musculus and if. sylvaticus) ; it is found in man in Italy, South 
America, the Congo (common : Chesterman) and West Indies. 

Characters. — It measures 20-60 cm. by 3-5 mm. The head is small and 
cuboidal with a small infundibulum. At the apex is a rudimentary rostellum 
with four small, unarmed suckers. The neck is shorter than the head. The 
proglottides increase in size as the tail is approached, and are broader than they 
are long. 

The egg is circular or ovoid, measuring 60-80 (x. Its outer shell is yellowish 
and thickened, with indistinct radiations, and contains a hexacanth onchosphere. 

Life-history. — The cysticercus stages occur in the body cavity of insects and 
fleas during their larval stages : Nosopsyllus (Ceratophyllus) fasciatus, Xenopsylla 
cheopist Pulex irritans ; in coleoptera and lepidoptera such as Asopia 
farinalis, Anisolabis annuUpes, Akis spinosa and Scaurus striatus ; also in South 
America, in Dermestes vulpinus, D. peruvianus^ Ulosonia parvicornis and Erribia 
argentina. 

The rat becomes parasitized by eating infected fleas or other insects. The 
cysticercoids, when ingested by the definitive host, become adult in 17 days. 

Treatment.— O/eoresfn of aspidium is the drug of choice. 

DtPYLimuM CANiNTTM (Linn., 1758) 

Distribution. — This is a common parasite of the dog, cat and jackal. There 
are 100 records of its occurrence in man, especially in children in European 
couTi tries. 

Characters. — It lives in the small intestine, measuring 15-40 cm. by 2-3 mm. 
The soolex is small and globular, 0*55 mm. in diameter. The rostellum is 
retracted into the infundibulum and has three to four circles consisting of 28-30 
booklets (14-18 pi.) of “ rose-thorn ” shape and four elliptical suckers (Fig. 270, 2). 
The proglottides are narrow and there are 200 or more of them. The sequent s 
measure 6-7 mm. by 2-3 mm. Two sets of genital apparatus are found in each 
segment ; the genital pores are placed symmetrically at the lateral margins. 
The uterine cavities contain egg-nests, each consisting of 8-15 eggs. Mature 
proglottides leave the intestine. The egg is round, 35-40 p, across. 

Life-history. — The cysticercoid stage is passed through in the dog-louse 
{Trichodectes canis), dogflea {CtenocepMlides canis) and human flea {Pulex 
irritans). Eggs are eaten by the larval flea, and the hexacanth embryo develops 
in the adipose tissue and muscles, being delayed until the adult stage is reached, 
first appearing as a procercoid and later as a cysticercoid larva. Infection of 
man is accidental, due to swallowing infected fleas. 
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Pathogenesis and treatment. — ^Usually tliere are no Hyrnj)knns. IVeatnieiit 
is by filix inas, as for oLher foi-ius of ta‘iiia. 

P AILUKTIT^A 

R. OELEBJSNSIS, R. MAtlAGAHCARl ENHIS, R. QUITHNSIS 

These worms are found in Siam, Rritish (Juiana, Mauritius and Formosa, and 
the last has been reported by Leon in lOcuador. They jvre eharaettM’izcd by 
nunievuuK booklets of “ ooat-liannmM*” shape on the snekers and rostiellmn, and 
by unilateral genital poi'(‘s on the progl()tti<h‘s. Ripe segments contiain egg 
rapsules. The ovoidal eggs possess eonspienously large booklet, s. Llsiiallyt hey 
are parasites of birds, more ra.r(‘ly of rats, 'rijcii' int(M’nu‘(Ua.ry hosts are 
probably dies. 

iNRUMiOAnsirnii 

This genus elosely resembles the foregoing and aannot be distijignislud from 
it by the rii)e [)roglottidcs, but t.lie bead aaid the sueK(‘rs a.r(‘ unarmed. In 
(Vntral Afriea members of this genus are found in hyracoidi'a, (rock hyrax), and 
some four spoekw in rodents. /. rn r/cu/dA/Wk, a pa,rasiU' normally of tlie Ih^Id rat, 
was found by tlu' lOditor in a Furopi^aai child IVom Kenya. /. t'i{hcn,s}s ;ij)p(‘ars 
to 1 k‘ common in (hiha wIumv 7() eases in man have been di‘scribcd by Konri. 
Morphologically it appears t(> bo identical with Ruj for(‘goitig. 'I'be life 
histoiy of the sj)eeies of tliivS genus is unknown. 

NEMATODES OR ROUNDWORMS 

The sexes of these worms arc separate. T]wy i\w eylindruml, non-segnientcd 
and taper at both ends. They arc white or yellow, sonu'iirnes senii-transparent 
and their eggs are charaeieristio (Jdate XwXVJ). 

Aso Alius liUMBEiooiDEs (Lilui., 17.78)- Hound Worin ” 
Distribution,-— WorId*wide. 



Fig. 275. - Head of A,'^runslnvihnmdr^ ; (a) venlral view ; (n) anterior view, 
showing oral labia. [Aflrr l<'aiisL) 


Characters. A. milk ol the jug ia iiidistiuguislialjlc from .1. 
whilst allied species ai*e found in the cat, dog and horse, 'fhe worm inhabits tlio 
small intestine, The female measures 20-35 cm. by 3-6 mm.: the male 15-31 cm. 
by 2-4 mm. Both are pale yellow or brown, with whitish longitudinal lines,' 
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round, tapering at Loth ends. The mouth is at the anterior end, guarded by 
thin lips with finely denticulated margins (Fig. 275). The anus is sub terminal. 
In the female there are paired genital tubes, containing the uterus, receptacuhim 
semiius, oviduct and ovary. Tubules and ducts attain a length of 12 cm. The 
total capacity of the genital tubules at one time has been estimated at 27 million 
eggs ; the average output is 200,000. The male has the tail curved into a semi- 
circle and has two rows of tactile pajjillae and two chitinous spicules. 

The e(jg (Plate XX\'T, 7, 8, 9, 10) measures 50-70 \x In* 40-50 pL and is eUiptical, 
encased in a rough albuminous coat giving it a mamillated appearance. It is 
usually stained by fecal pigments. 

Life-history. — When the eggs are passed in the feces, there is no segmentation 
or differentiated embryo. In water, or in moist earth, at 36-40"'’ C. within two to 
tour months the embryo is seen coiled up and moving inside the egg-shell. The 



Fig. 2 76.— Larva of Ascaria liimbricohuj recovered from the trachea of a rat eight dajs 
after ingestion of eggs. [After BrumpCs Precis dc Parasitologie.'') 

larva undergoes a moult before batching and must l)e transformed into a second- 
stage larva of the rhabditoid ” type before it is infective. The embryo does 
not emerge from the egg until it is swallowed. The egg-shell is then softened 
by the gastric juice and hatches in the small intestine. The larva penetrates 
the mucous membrane, enters the blood via the heart and lungs, and reaches 
the alveoli where it has a blood batb.” Eventually it travels to the trachea, 
whence it is sw'allowtid and reaches the small intestine. The whole process 
occupies ten to fourteen days. During this time the larva moults twdee (once 
after five to six daj^s and the second time after the tenth day). The larva: 
measure 1 -3-2 mm. on the tenth day (Fig. 276) and 1 *75-2 -37 mm. on the fifteenth 
(Stewart, Yoshida, Fulleborn, Brumpt, Mosler and Lutz). Larvae may reach 
the intestine as early as the fifth day. The fourth eedysis takes place in the 
intestine between the twenty-fifth and twenty-ninth days. In man the incuba- 
tion period (to time of first ovipositioii) occupies a ixuiod of 60-75 days. The 
diameter of the migrating larva: from the pulmonary capillaries to the terminal 
air spaces is considerably larger than that of the capillaries. Porcine ascaris 
larvae are unable to complete their development in man : human ascaris behave 
similarly in the pig. 

In the lungs the larvae cause damage, haemorrhage and toxic absorption. 
Eosinophil cells are found in the alveoli. The larvae grow ten times longer whilst 
migrating through the lungs and feeding on the blood, but they are usually 
clear of larvjn in ten to twelve days. Aberrant migrations to thyroid, thymus 
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and spleen, oecasionally to the brain and spinal cord, have been observed. 
Respiratory symptoms are noted 20 hours to four or five days after ingestion of 
eggs, and present the clinical jneture of lobar pneumonia (ascaris pneumonia). 

The adult worm may give rise during its wanderings to 
symptoms such as intestinal obstruction, general peritonitis, 
extraperitoneal abscess and even asphyxiation, when in the 
trachea. Exceptionally, viable eggs have been found in 
tubercle-hke lesions in the mesentery. Children are occa- 
sionally infected by the ascaris of the cat and dog, Toxocara 
ca 7 iis and T. cali. (For pathogenesis and treatment, see 
pp. 797, 799.) 

Lagochilasairis ruinor has been recovered five times from 
abnormal foci in humans. The normal host is unknown. 

PnYSALorTERA CAUCASiCA (v. Linstow, 1902) 
Synonym. — P. monlmis (Lcipor, 1907). 

Fig. 277. — Head of Distribution. — Normal hosts are monkeys. In man it 

Physaloptera found in Central Africa, Portuguese East Africa, 

cauca^im. Uganda and Nyasaland. 1 1 lives in the oesophagus, stomach, 

[After Leiper,) intestine, and occasionally in the liver. 

Characters.— The female (24-10 cm. by 1*14-2*8 mm.) has a posterior 
end tapring to a sharp point, two ovaries, a single uterine tube, and a vulva 
in the anterior part of the body. Tho male (1*4-5 cm. by 0*7-1 mm.) has two 
lateral also on the tail, formed by cxi)ansion of the cuticle, four pairs of peduncu- 
lated papillce— six pairs sessile— one unpaired postanal papilla, and two spicules 
of unequal length. In both sexes the mouth is guarded by two largo lips, armed 
with two papillae and rows of teeth, which servo to gi’ip tho mucous membrane. 
(Fig. 277.) 

The egg (45 p. by 35 (x) has a double-contour, smooth, tMck, colourless shell. 

Life-history.— The life cycle is unknown; insects possibly act as inter- 
mediaries. The clinical symptoms are indeterminate. Tho worms live with 
heads embedded in the digestive tract from the oesophagus to the ileuin. 

Anoylostoma duodenale (Dubini, 1843) (Fig. 278) 

“ Old-World Hookworm,” MiiioFs Worm ” 

Distribution.— This worm was originally confined to Europe, but is now 
known in America, Asia, even Germany and England — wherever humidity and 
temperature are suitable (e.g., the Simplon tunnel, and tho tin mines of Cornwall). 
It is very common in Egypt. It requires a temperature of 75"" F. for develop- 
ment outside the body ; this constitutes a limiting factor in distribution. 

Characters. — Both sexes are cylindrical, white, grey, or reddish brown 
(from ingested blood). The female (1-1*3 cm. by 0*6 mm.) (Fig. 278), is cylindrical 
and slightly expanded posteriorly. Tfhe vagina is in tho posterior third. The 
body cavity is occupied by the ovary and coiled uterine tubes packed with eggs. 
The" maximum egg-output occurs fifteen to eighteen months after infection. The 
male (0*8-1 *1 cm. by 0-4-0-5 mm.) has a oopulatory bursa consisting of an 
umbrella-like expansion of the cuticle ; the dorsal ray is divided towards the 
distal end into smaller rays, which again divide into three unequal portions 
(Fig. 279). There are two long delicate spicules. The genital papillje are 
tactile, jfinger-like projections near the ano-gonital opening. Owing to the 
situation of the genital openings in both sexes the worms in copulation assume 
a. Y-shaped figure, 
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Two well-marked cephalic glands occupy the anterior third in both sexes and 
secrete an anticoagulating ferment. The mouth end is bent dorsally. The 
excretory pore is ventral, placed at the level of the oesophagus. The buccal 
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Fig. 278. — Ancylostoma duodenahi male and 
female, x 14. {After Looss.) 
rFor actual size, see Fig. ISS, p. SUl.) 

anus ; co. cepJi.^ cephalic nerve commissure ; d, e/., 
ejaculatory duct; gl. cen\, cervical gland; int., intes- 
tine ; nu. gl. cero.y nucleus of cervical gland ; or., ovary ; 
or. tvb., ovarian tubules; or/., ovejector; p. ez., ex- 
cretory pore ; pap. cm'., cerneal papilla ; sprc., spicules ; 
/c., testes; ui., uterus; ro^., vagina; v.s., vesicula 
seminalis ; vuh\, vaginal opening. 



capsule is lined with chitin, and contains two pairs of sharp teeth on its ventral 
aspect (Fig. 280). The worm lives mostly in the jejunum, and to a lesser extent 
in the duodenum, but not in the ileum. 



Fig. 280. — Head of .4. duodenale, showing 
hook-like ventral teeth, x 50. (After 
Looss.) 

C.G., Cephalic gland ; H.P., head papillm ; r.T., 
pharyngeal teeth ; V.T., ventral teeth. 
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Fig. 281. — Developmental stages of the 
larva in eggs of .4. duodenale, (a), (b) 
and (c) are seen in fresh stools ; (d), 
(e) and (/) when the stool is stale. 
X 300. [After Looss.) 


At autopsy 500-1,000 or more worms may be found. They have a life-span 
of four to seven years. The interval betw^een active infection and final 
disappearance of eggs in the faeces may be 76 months. 
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The egg ((iO f4 *<0 (i.) ( is cUi[)tiea.l, with a transparent shell. When 
fresh'lahl, it conlains 2-4 blastonieres (Plate XXVI, 14). For further details, see 

p. 1081. 

Pathogenesis and treatment.— Hoe pp. 8 o:i-so 7 . 



lU, Section llirougli tlic duodemiiii showing the method of attachment of 
the ancylostonic to the wall. (/i//er /t/so/oyo.) 

II., ljl()U(l-\otfS('ls ; (!., jjfliuid.s of liirlMrkUJin disniplod by tlio {UicyloHloiiK' ; li., loiicoqte 
itilillntUoii ; N., koiio <»£ iKvrosIs. 


A^JC!YLOSTt)MA BHAZlIilKJSSK (OomoZ, 1010) 

Distribution. — It i.s found in dogs and eats in Brazil, In Ceylon it was 
(loscribcd as A. caijlaninim from the (uvet cat. 

Characters. —It is rarely foiuul in the small intestiiu^. Usually it is part of 
a mixed hookworm infeetiou in man in India, Malaya, and Siam. It is smaller 
than A, (hiodenalv and the internal pair of vcmti-al teeth are smaller than the 
eoi'responding teeth of that species, ’^f'he female is I cm. long and the male 
8*5 nun. 4'hc rays in tlu^. e(>]>nlrxtory bursa differ (Fig. 
2S,‘l) from those of 4. duodmtk, and arc clistinctivc. 

'file egg is indistinguishable from that of 4. (hwdemdr. 

Life-history.— This is the same as A. diwdevak, Man 
is a]>})arcntly an unsuitable host. 'J'ho larva docs not 
p(Mi(*trate into the blood stream easily, but wanders under 
the skin, causing irritation (“ larva migrans^^' p. 844), 
especially in South United States (Kirby-Smith, Dove and 
White, 1925-8). 

Pathogenesis.— The signs and symptoms resemble 
those of 4. daodemU, 



Fig. 2S3.— Dorsal ray 

of Ancylostoma 
braziliense. {Aftp.r 
Leiper,) 
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Negator americanus (Stiles, 1902) (Fig. 284) 

New- World Hookworm ” 

Distribution. — This is the only species of the genus. It is found in xA.merica, 
and is also common in West Africa, Ceylon, India, Pacific Islands, Malaya, the 
Philippines, and in pygmies from the Ituri Forest. Ninety per cent, of all hook- 
worms from the tropics are of tliis species. It was probably introduced to 
America by slaves from Africa. 



Mule. 

Fig. 284. — Ncculor tinici’if'aHUS. X 12. 

For h’[)n\d s<‘C Fiy. -78. 


Fig. 286. — Head of Nccaiur amcrknnm, 
showing pharyngeal teeth (i’.t.) and 
ventral plates (v.r.). >: 50. 


Characters.” Jt is found in the small intestine of man, and also of the gorilla, 
patas monkey, rhinoceros, pangolin and a rodent (Ctemhi On the 

whole, N, (nkericanus is a shorter and more slender worm than .4. duodenale. 
IIic female (0-9-M cm. by 0-4 mm.) has the vulva placed slightly in front of 
the middle of the body, so that it copulates at a Y-shaped angle, as in A . duodfmdf. 
Tlio male (7-9 mm. by 0-3 mm.) has the copiilatory bursa closed and blunt, ami 
a short dorso-uiediaii lobe wliich appears as if divided. (Fig, 284.) The dorsal ray 
branches at the base into divergent arms with bipartite tips (tridigitate in 
A. duodenah). The base of the dorsal and dorso-lateral rays is short (Fig. 285). 
Two separate spicules unite to form a single terminal lish-hook ” barb. The 
living worms are greyish-yellow, at times reddish. 

The sudden dorsal bend of the head, especially in the female, is distinctive. 
The buccal capsule is smaller than in A. duodcmle, with an irregular 
border. Tn place of four hook-like teeth there is a ventral pair of cutting 
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Pig. 287. — (a) Mature 
larva ; (b) rhabditiform 
larva X 120; and (c) 
head of larva of A. 

duodenale. (Partly after 
Looss.) 

All., anus; Gen., ponital cell; 
InL, intosbine ; M., mouth; 
N., iici’ve-rinp; Oes. 


plates (Fig. 280). The first pair of dorsal teeth are represented by chitinous 
plates. The outlet of the dorsal gland constitutes a “ dorsal rib ” or 
tooth w^hich projects into the oral cavity. Deeply placed in the capsule are 

one pair of dorsal and one pair 
of sub-median lancets. 

The egg is slightly larger than 
that of A. duodenale (64-75 g by 
36-40 p,), but othervrise similar. 
The infective larva can be differ- 
entiated from that of 8. stercoralis 
by the larger buccal vestibule and 
the intervening space bet^veen the 
oesophagus and inidgut. Forty- 
four eggs per grm. of faeces are 
reckoned to represent one female 
worm. 

Life-history. — This is identical 
with that of A. duodenale. 

IS0MMARY OF LIFE-HISTORY OF 
HOOKWORMS (Fig. 287) 

The eggs arc deposited in the 
lumen of the intestine with two, 
four, or eight blastomeres. They 
must have a supply of oxygen to 
develop. 

(1) The embryo moves about 
inside the shell and alters its 
shape, then escapes and gives rise 
to : — 

(2) The rhabditiform larva which 
burrows into the fseces and feeds 
(^specially on bacteria. At first it 
has a double-bulbous oesophagus. 
(Fig. 287, h.) Feeding voraciously, 
it stores oil globules in its intestinal 
wall. It moults on the third day ; 

on the fifth the oesophageal bulb disappears, and the larva becomes elongated 
and fully developed. It then moves away from the faeces into the earth, 
moults again and becomes : — 

(3) The infective filariform, or third stage larva, with a well- developed mouth 
capsule, a simple muscular oesophagus and protective sheath, the walls of which 
are seen as two bright lines in the living specimen. It moves towards the oxygen 
supply, but cannot swim in water. Attracted by warmth, it is quiescent in the 
cold ; it moves along a thin film of water as well as in the earth. Enabled by 
the sheath to withstand a certain degree of desiccation, it can live in warm damp 
soil under optimum conditions for two years. This is the infective stage. 
(Fig. 287, a.) On penetrating the skin of the host, the sheath is left behind, and 
the larva then enters the lymphatics, gains the blood-stream, and reaches the 
lungs on the third day. If pyogenic bacteria enter the skin with the larvae an 
open lesion may develop, producing “ ground itch.” Breaking through the alveoli 
of the lungs, it enters the bronchioles, and travels via trachea and oesophagus to 
the stomach. During this migration the third moult takes place and the buccal 
capsule is formed. On arrival in the intestine on the seventh day it undergoes 
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its fourth, moult ; the terminal buccal capsule is changed into the “ provisional 
buccal capsule ” with the mouth opening directed dorsally, as in the adult, but 
without teeth. On the fifteenth day the provisional buccal capsule ” is cast 
off, and it then assumes the adult form with adult buccal capsule and bursa in 
the male. In three to five weeks it becomes sexually mature, copulates and then 
produces fertile eggs. Females of A. duodenale lay about 2} times as many eggs 
as do females of Necator americanus. 

Cultivation of hookworm larvae. — small portion of faeces is rubbed 
over a Petri dish with warm water, making a uniform layer like pea-soup. Inside 
the cover is placed a circle of wet blotting paper. This is kept wet and incubated 
at 75° F. under a shade. If there is too much water the eggs will not develop. 
The larvae climb up the sides of the dish on to the blotting paper where they can 
be studied. 


Differentiation of third-stage larvae : Table XII 



1 

Necator. 

Ancylostoma. 

Oral capsule 

Sharply defined ; visible 
dorsally and ventrally 

Hardly visible ; more marked 
dorsally than ventraUy 

Tail 

Rather blunt 

1 

Pointed 

Zone of closing cells 

Leaves only small space 
between oesophagus and 
intestine 

Leaves considerable space 


The striation of the sheath is indistinct in A, duodenale, but very distinct in 
A, hraziliense. Khabditiform ancylostome larvae are similar to those of S. 
stercoralis, but are slightly more attenuated posteriorly and possess a much 
longer buccal vestibule. Infection (third stage) duodenale larvae can also be 
differentiated from those of necator by the unequal oesophageal shears which are 
unequal in thickness in Ancylostoma but equal in Necator. 

OBsophagostomum apiostomum (Willach, 1891) (Fig. 288) 

Distribution. — ^This worm has been found in 4 per cent, of prisoners in the 
jails of North Nigeria. It is a common parasite of the caecum and colon of old- 
world monkeys in Africa, the Philippines and China. 

Characters. — When free or encysted under the mubous membrane of the 
large intestine it produces a condition like polyposis intestini. 

The female (1 cm. by 0‘325 mm.) terminates posteriorly in a sharp point and 
has a vulva in its anterior half. The male (0*8-1 cm. by 0*35 mm.) has a 
oopulatory bursa with a dorsal ray bifurcating into branches and forming a 
horse-shoe-shaped structure, each limb giving off a short lateral horn near its 
base (Fig. 288, C). 

The egg (60 p. by 40 p) closely resembles that of ancylostoma, but is passed 
in an advanced stage of development. 

Life-history. — ^The larvae hatch from the eggs in the soil. When mature, 
they are unsheathed. The rhabditiform stage is swallowed, and passes through 
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*1.0 ind iiilfsI.UH'. itiuvades the wall of the c®cu>u where it forms 

nodules The immature worms break out into the lumen, attach themselves to 
nmeosa and beeoiiie adult. 



PiK. 28fi. ■(liMijiliiii/oulMiiinii (I’aiih/ iiftrr h'liilJii't and Henry.) 

\ ||cr»,I,showii^'rul.i.Mila,M'M«nsHm,ueloral v,«l,ihnl(i. li.Tailcf MnnU'. c.'IMilol' iniile, showl.m' 

' ’ ’ coimlatory bursa. 

,f., Aiuh; ri., vonl-rnl cli'a; OR , vauriiiul orilico; A*., uharai'tmsl.ie rays of Imr.s.i ; -S/l, spicule. 


r C.R. 

/ 



pig^ 2%9,^Teriii(l(inH demianlus, female, Leiper.) 


h 


Anterior extremity, 2, Posterior extremity. A., 
O.n., corona mdiata. Oh.P., ebitinoua plates. 
tJt.v nteriis. Va(?„ vagina. V., vaginal opening. 


anus. B.O., buccal c-avity. Oh.l., chyle intest. 
N.K., nerve-ring. (Es., oesophagus. R., rectum 
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Pathogenesis and treatment. — ^This worm produces dysenteric symptoms. 
It is apparently susceptible to phenothiazine, 3-7 grm.. and tetrachlorethylene 
p, 539). 

(Esophaoostome M STEmAXusTOMFM var. thomo'tl 
(Railliet and Henry. 190H) 

Distribution. — This is a common parasite of monkeys (Cercopithecus 
callitricJius) and gorillas. The first ease reported in man was in Brazil; the 
patient died of dysenteric symptoms and peritonitis (Thomas, 1910). It has also 
been reported in French Guiana (Joyeux) and in North Nigeria (Johnson, 1934). 

Characters. — The morphology resembles that of 0. npiostomnin, but both 
sexes are larger and is distinguished by a corona radiata with 3.S leaf-like spines. 

The eggs in the fseces resemble those of ancylostoma. 

Life-history. — This is probably similar to that of 0. apiodoynum. 

Terntdens deminuttjs (Railliet and Henry, 190')) (Fig. 289) 

Distribution. — This stmngylid nematode is relatively (oiiiinon in inojikeys 
and baboons in Africa and Asia — Maeaca sinieus, M, cynoynolgn^, Ce /copith ecus 
jHigerijthrus and Papio. porcarins. In the small intestine of man it is not iin- 
cioinmoiily found in Nyasaland, Portuguc.se East Africa, the Transvaal and 
iSuuthern Rhodesia. It is not pathological, unless present in large numbers. 

Characters. — The female (14-16 mm. by 0*73 mm.) has a genital orifice 
posterior and sub terminal, and a short vagina opening into two uterine tubes. 
The male (9-5 mm. by 0-56 mm.) has the dorsal ray of the copulatory bursa 
dividing into two distal extremities, and each branch bifurcates again. (Fig. 290.) 

The worm resembles a female ancylostome ; its anterior extremity is not 
bent, and the mouth capsule is terminal, with a corona of setae. At the base 
of the cup-like buccal capsule three serrated teeth guard the entrance to the 
oesophagus ; this is characteristic of the genus Temidens. (Fig. 289.) 



Pij*, ZOO.—Bursa of Ti^rnUhns deyninulns^ 

S. {Aftfr Hnniipf.) 

Pig. 291. — Egg of Tfryiuhnsfhmiiiuhifi. 

(After lilac hie.) 

The egg (84 \l by 40 (jl) is delicate, transparent, and in an advanced stage of 
segmentation resembles that of an ancylostome. (Fig. 291.) 

Life-histoiy (Sandground). — The rhabditiform larva (0*3 mm.), with flagellar 
tail, hatches from the egg in soil, becomes sheathed, and the infective filariform 
larva (0-6-0-7 mm.) is formed. These can survive desiccation, reviving in 
water ; thus they withstand drought. The larvae fail to penetrate human skin. 
Carbon tetrachloride and tetrachlorethylene are effective in treatment. 
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TuR-ifosTHONOYLUs coLTTBREFOKMis (Giles, 1892) (JFig. 290) 
and allied species 

Distribution. — Normally, this is a parasite of the upper small intestine of 
the sheep and goat ; it is not infrequently found in the duodenum and upper 
jejunum of man in agricultural districts of India, Central Africa, Egypt, Java, 
Australia, Japan, Korea and especially in Abadan (Persia), where 70 per cent, of 
inhabitants are infested (Stewart). It has been found by Bonne in Java in 
scrapings from the duodenum, where the adults live with head embedded in the 
mucosa. By flotation technique the eggs of this species can be found in the faeces, 
together with ancylostomes (Lane), fairly frequently in India and Assam. Though 
rare in Europeans, the Editor once found them in a doctor and his wife from 
Kenya. 

Characters. — The females (4-6*5 mm.) usually outnumber the males. They 
are very slender and pink, with an attenuated anterior extremity, and the 
vulva in the posterior quarter. The male (4-5 mm. by 0*07 mm.) has a bilobed 



m 

Fig. 292,— Trichostrongylus colubriformis. A, female ; B, male, x 25. 

copulatory bursa and two spicules. These parasites are found, a third to a 
half buried in mucus. When scraped on to a slide they appear as delicate red 
streaks. When the slide is shaken in saline in a Petri dish they can be seen against 
a dark background. The adult worms are never found in faeces. The mouth is 
unarmed. 

The egg (63 p, by 41 jx) is relatively large, oval, thin-sheUed, and contains a 
morula when deposited. (Plate XXVI, 15.) It is apt to be mistaken for that of 
Ancylosiema duodenale, but is translucent and smaller. 

Life-history. — The eggs hatch outside the body ; the rhabditiform larvae 
metamorphose into infective filariform in six days at 22-25® C. The semi- 
filariforra third-stage larvae are very resistant to desiccation. These enter the 
body via the skin or mouth, undergoing two eedyses, and follow the same course 
as ancylostomes. 

Pathogenesis and treatment. — Usually there are no symptoms, but the worms 
may cause secondary anaemia. They are expelled by tetrachlorethylene (see p. 809). 

An Eastern form has been separated in Japan {T, orientalis). T, proholurus 
(Bailliet, 1896) is rarely seen in man ; it is a natural infection of the gazelle 
and camel. 
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Strongyloides stercoralis (Bavay, 1876) (Fig. 292) 

^ Distribution. — ^World-\ride, especially in Brazil and 
Cochin-China. The parasitic form lives in the sub- 
mucous tissue of the small intestine. 

Characters. — Until recently it was thought that 
embryos were produced by parasitic, parthenogenetic 
female, in the absence of a male, but it is now claimed 
that a parasitic male (Kreis, 1932) exists, shorter and 
broader than the female. The oesophagus is said at 
first to be filariform, but American observers claim 
that it is double-bulbed and this feature renders their 
claims doubtful. (Fig. 293.) Later, two copulatory 
spicules and a gubernaculum are said to become apparent and, when developed, 
the adult male resembles the free living form. (Fig. 294, 3.) This is a process 
of reversivG metamorpTiosis, in which it loses the ability of penetrating tissues 
and remains a lumen parasite. 




Fig. 293. — Strongy- 
loides stercoralis. 
{After Faust. ) Anterior 
end of parasitic male, 
b., buccal chamber; sp. 
buccal spears. 


Fig, 294 -Life-history of Strongyloides stercoralis. x 30. {After Loose.) 

1, Parasitic female ; 2, rhabditiform embiyo ; 3, fuUy-grow male ; 4, fully-grown female: 6 fully- 
developed filariform larva. ’ 

A., anus ; A.G.O., combined anus and genital pore ; Q.O., genital opening ; G.P., primitive genital 
organs ; I., intestine ; N.R., nerve-ring ; 03S., oesophagus ; OV., ovary ; R.V.S., rudimentary 
vesicula seminalis ; T., testis ; uterus ; V.D., vas deferens ; V.S., vesiciila seminalis. 


32 
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The female (2*5 mm. hy 0*034 mm.) (Fig. 292, 1) tapers anteriorly and ends 
in a conical tail. The month has three small lips and leads to an oesophagus 
occupying a quarter of the length of the body. The vulva lies in the posterior 
third. There is a prominent uterus containing 50 eggs (50-58 (jt, by 30-34 g) 
which are laid in the lumen of the bowel in a,n advanced stage of development 
and may occasionally be found in the fteces. They hatch immediately to embryos 
(0 •2-0*3 mm. by 0-013 mm.), which have a double-bulb oesop)hagus, apt to be 
confused with the rhabditiform stage oi Aw'ylosioma and Necator. (Figs. 294, 2 
and 287.) They are passed active in faeces, and in 3-5 days are converted into 
free-living male and female forms, both of wliicli have a rhabditiform, double- 
bulb muscular oesophagus. The male is a free-living form (0*7 min. by 0*035 mm.) 
(Fig. 294, 3), with the tail curved ventrally, two spicules and an accessory piece. 
The free-living form of the female measures 1 nmi. by 0*05 mm. The vulva lies 
behind the middle of the body. The uteua contains tliln -shelled eggs, measuring 
70 /A by 40 /X (Fig. 294, 4). 

Copulation between the sexes t.akes place in fpeces. The rhabditoid larvae 
produced are indistinguishable from those derived from the parasitic female. 
After 3-4 days they develop into post-feeding, mature filariform larvae, which 
are the infective stage, and re-enter the definitive host via the sMn or buccal 
mucosa, as in Ancylostoma or Necator^ but may remain alive in the soil for many 
weeks. The distinguishing feature is that the oesophagus in strongy bides 
larvae is half the length of the body (Fig. 294, 5) ; in Ancylostoma and Necator 
it occupies about a quarter. Filariform larvae find their way into the small 
intestine and develop into female parasitic form. Under unsuitable climatic 
conditions, the sexual phase in the faeces may be omitted, and rhabditiform 
embryos produced by the parasitic female may develop directly into filariform 
larvae capable of infecting the definitive host. (Fig. 294, 5.) 

SuMMAiiy OF IJFB-KISTOUY OF 8, stercoralis 

Female parasitic intestinal form gives rise to eggs which, hatching in intestinal 
canal, give rise to : — 

First rhabditiform larvae in faeces which, at high atmospheric temperature 
give rise either to : — 

Infective or to sexval forms whicli copulate, and females lay eggs from which 
emerge 

Second rhabditiform larvae which moult and give rise to : — 

Filariform larvae which enter man by penetrating the skin or through the 
mouth, and migrate through the lungs to the oesophagus. These develop in 
two weeks into : — 

Parasitic female and (possibly) male in the small intestine. The latter is 
said to be almost identical with the free-living fonn ; the females differ by 
being slender, filiform, with a cylindrical oesophagus extending through the 
anterior third of the body. 

Diagnosis is easy when the active larvm in the faeces are recognized by 
their morphology. They are often found in diarrheoio conditions, such as 
sprue. Duodenal intubation is the moat certain means of diagnosis (Silva). 
When scanty the zinc sulphate flotation method of Faust may be used as it 
does not distort these larvae. 

Pathogenesis and treatment. — In large numbers this parasite produces 
irritation of the bowel and diarrhoea, probably also abdominal pain and 
flatulence. Usually, it is found in men between 20 and 46 years old, in large 
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numbers, coiled up in the intestinal follicles. Infected individuals shoTv super- 
sensitization to the antigens of this parasite (Eiillebom). Itchy urticarial 
wheals are produced by the entry of or by rubbing into the skin dried extracts 
of strongyloides larvae. In the recent war in the Far East this worm infection 
was associated with periodic urticarial eruptions within one foot of the anus and 
often on the trunk and thighs. The eruptions were sometimes petechial and 
sometimes linear like those of Larva migrans. They may be due to penetration 
of the skin by rhabtidiform larvae or some may be allergic (as above). In one case 
the larvae have been found within a lesion, w'hen abundant in the faeces. A sugges- 
tion has been made that as the lesions are so characteristic a particular strain of 
Strongyloides must be involved. In transit through the lungs the young worms 
may be responsible for bronchopneumonia. Grentian violet, in enteric-coated 
tablets, gr. 1, three times daily, up to a total of gr. 50 
(3*3 grm.), acts as a parasiticide, if it reaches the 
parasitic female in sufficient concentration. The 
dosage is the same for children as for adults. In 
refractory cases 2-5 ml. of 1 per cent, aqueous 
solution of gentian violet may be introduced into 
the duodenum. 

The prophylaxis is the same as that for Ancylo- 
sterna, 

Strongyloides fullebomi, a parasite of monkeys, 
recovered by Wallace and colleagues from an 
American soldier in the S.W. Pacific, is identified 
by prominent vulvar lips and narrowing behind 
the vulva in the free-living females. The promi- 
nent oesophagus in the -free -living stages is also 
characteristic. 

Enterobius vermiculaeis (Linn., 1758) (Fig. 295) 

“ Threadworm or Pinworm ” 

Synonym. — Oxyuris vermicular is. 

Distribution. — EWorld- wide (45 per cent, of 
school children are infected). It lives in the upper 
part of the large intestine, especially the osecum. 

Occasionally it is found in the female genital 
organs, rarely in the ear and nose. 

Characters. — ^This is the only nematode of man 
with a double-bulb oesophagus in the adult. It is 
small and white, its mouth surrounded by a cuti- 
cular expansion, and its skin transversely striated. 

The male is seldom seen, and does not migrate 
like the female. Much smaller than the female 
(2*5 mm.), its posterior third is curved spirally, 
and its caudal extremity blunt, with six sensory 
papillae and a single spicule, 70 p. (Fig. 295. c). The 
female (9-12 mm.) has a long pointed tail, the anus 
2 mm. from the posterior extremity, and a transverse, slit-like vulva in the 
anterior fourth of the body. (Fig. 295, A.) The gravid female lays eggs in a 
stream of 10,000-15,000 in a few minutes and dies when egg-laying is completed. 

The egg (50-54 ju. by 20-27 fi) has a characteristic shape, flattened on one side, 
and is almost colourless, with a bean-shaped double- contour shell, which contains 
a more or less fully-formed embryo. (Plate XXVI, 19.) 



Fig. 29S . — Enterobius ver- 
micularis. X 12. {After 
Leuckart, in Brumjpfs 
''Precis de Parasitologie'^) 
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Life-history, — There is no multiplication of worms inside the body. The 
egg shell is ^\'eakenecl by the intestinal juices and the larva breaks out of the shell. 
Soon afteru'ards it invades the glandular crypts and penetrates into the glands 
and stroma, where it coils up, causing some liquefaction of the tissues, but no 
cellular reaction. 

According to Schtiffner the length of life of E. vermicularis ranges from 37-93 
days. As soon as the ovary becomes packed with eggs the female worm looses 
her hold on the intestinal wall and lies passive in the firjcal stream. The fertilized 
female migrates out of the anus to deposit her eggs in the perianal skin and 
perinsenm. The crawling of the gravid females produces intense pruritus. After 
few hours the embryo develops rapidly and attains a length of 140-150 fju. It is 
then ingested, generally as a result of deposits of faeces under the finger nails, 
conveyed to the mouth, and hatches in the digestive juices. Liberated larvse 
after two months pass from the small into the large intestine, where they become 
mature. The whole cycle takes two weeks. Eggs can bo inhaled through the 
nose from infected garments at some distance (Lontze), and embryonated eggs 
have been found in dust. Schuffnor has described a process known as retrofectim, 
in which infective larvae re-enter the anus. Tho eggs require a six-hour exposure 
to air before they can hatch. In one-third of infected children tho eggs are found 
in nail dirt. 

Diagnosis. — ^This is difficult unless the worms are seen ; they may be found 
outside the anus at night. Occasionally eggs may be found in the faeces. The 
mature worms penetrate tho mucosa and encyst in the submucosa of the large 
intestine or appendix, causing inflammation. They are thought to be the exciting 
cause of appendicitis in 2 per cent, of cases, and are then found in the lumen. 
There is no marked eosinophilia. Nasal itching is common, and pruritus ani is pro- 
duced when the ova are deposited in enormous numbers near the anus. The 
worms may enter the vulva and cause a mucoid discharge, restlessness and 
insomnia. Familial infections are common. The number of parasites infecting 
a host is determined by the number of eggs swallowed. The adult worms are 
phototactic and are attracted by the light of the electric bulb during sigmoido- 
scopy. 

A ceUophane sprayer “ N.LH. swab ” (Pig. 296) has been devised, by which it 
is possible to obtain eggs by scraping the perineum (Hall). This device is much 



6/ass rod Rubber band 





Perforated rubber stopper cellophane swab 

Fig. 296.— N.I.H. anal swab. 


used in America. Enclosed in container, it is easily sent by post to be examined 
at leisure. The cellophane is mounted in water or N/10 NaOH on a slide, and 
covered with a coverslip. The “ Scotch Tape ” method in which the eggs 
adhere to the sticky surface is very popular. 

Schiiffner and Swellengrebel introduced the glass pestle method, A piece of 
thick-willed glass tubing about 1 cm. in diameter has a globe at one end, half 
of the surface of which is rough ground. The moistened globe is applied to the 
perianal skin with a rotary motion ; the material is then dried on a slide and 
examined with cedarwood oil. 
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Treatment. — This is often difficult. Pruritus ani can be relieTed by Vng, 
hydrarg, ammo7i. B.P. Quassia is also much used. After a salt-water enema, an 
infusion, 1 in 40 (10 ozs.), is injected slowly with the foot of the bed raised. 

jS-naphthol, gr. 40, may be given in i oz. castor oil or in cachets- Piperazine 
hydrate, in the form of syrup, at dose of J gr. (11 mgm.) daily per year of Hfe, 
is said to be most effective (WTiite and Standen). The optimum*^ dose level 
of 50-75 mgm. /kg. daily. 

Hexyl -resorcinol is esj^ecially used in America, given by enema, 1 in 2,000 
solution, after evacuation with a soap enema. Two pints are given to an adult, 
and up to the limit of tolerance in children. This is repeated every three weeks, 
and in two- thirds of the eases negative swabs are subsequently obtained. The 
drug gives no better results by mouth {see p. 810). (Wright, Brady and 
Bozicevitch.) 

Of the aniline dyes, gentian violet is prescribed in America in enteric-coated or 
water-soluble tablets, gr. -^-1, three times daily (gr. ^ for children) before meals 
for 10 days, or two periods of 8 days, each with a week’s interval. Phenothiazine 
(phenovis) has an action on nematodes of the large intestine, and cures oxyuriasis 
when given in tablet or granular form. The dose for children under five is 
0*5 grm., for older children 1 grm. for five days. Adults take 2 grm. daily for 
7 days. A second course is sometimes necessary. The urine is stained red. 
Aplastic ansemia may be produced in children; therefore it is probably too 
dangerous for routine use. 

Contraverm and reconox introduced by Eucker (1951) are similar preparations. 
Longer courses with smaller doses are most beneficial. A tablet is given the 
first day and two the second, to children of one to three ; to those of three to 
eight three tablets a day or 0-6 grm. for eight to fifteen years, twice the same 
dosage to 1 *2 grm. Ernst has given 4*2 grm. to adults in two days plus 0T6 grm. 
phenOphthalein. 

Egressin, a carbaminic acid, is recommended as an ideal vermicide in S^vutzer- 
land (Sauer and Weissflug). Children two to twelve are given three separate doses 
of 1 grm. in two days with aperients (but not castor oil). Children take it best in 
cold pudding or cold coffee. Anal swabs showed that 95 per cent, ceased to pass 
eggs for 3-8 w^eeks. Itching and other symptoms disappeared after three doses. 

Nyxolan-Hommel, aluminium S-hydroxyquinoline sulphate, is given in tablets 
of 120 mgm. or in dragees thrice daily between meals for 5 days. Treatment is 
discontinued for 10 days and then repeated. 

Terramycin acts on the gravid female, in single doses. The dose is below 
5, 1 grm.; 5-10, 1*5 grm.; over 10, 2 grm. for 5-7 days (Loughlin and 
Rappaport, 1951). 

Gammexane (Benzene hydrochloride or Vermexan) is used in Germany for 
adults, 150 mgm. daily, in three doses of 50 mgm. for three days. For children 
half that amoimt. This drug operates on the worms only. 

Threadworms often disappear after a barium meal. The barium finds its 
way into every crevice of the intestine, and is able to reach the immature forms. 
Barium sulphate is given in 75 per cent, concentration m a six-ounce meal of 
umbrose ; a second dose is taken 3 hours later and followed by calomel at night. 
The process is repeated next day. The dose for children is about three-quarters 
of that for adults. 

Prophylaxis. — General measures must be taken. It is advisable to make 
the child sleep in cotton drawers and cotton gloves, to pare the finger nails, and 
to wash the hands after defsecation. 
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TrJcnuRis trichtuiia (Linn., 1771) 

Synonym. — Trichocephalns disjmr “ Whipworm ” (Fig. 297). 

Distribution.— World-Wide, but more in the tropics than elsewhere. This 
worm is identical with a species found in ])igs, and some monkeys. In many 
countries it is present in more than half the population. 

Characters.— The male (30-45 mm.) has an anterior attenuated portion, 
containing the cellular oesophagus, which is half as long again as the thicker 
posterior portion. The caudal extremity is curved vcntrally through 300 degrees, 
and there is a single spicule in the sheath, studded with spines, (rig. .^97, 3.) 



Fig. 297 ,—Trichuris irichiura. X 3. (Afkr Bnmpt.) 


1 Male partly cmbeddtjd ia tlio mucous membrano ol the iniostinc ; 2, female; .'1, cuitulafcory 

* ’ apparatus, greatly magnitied. 

(I, Posterior extremity of body ; j., spiculo ; sh.^ sbeiith. 

The female (30-50 mm.) has an anterior attenuated portion, twice as long as 
the posterior half, which is occupied by a stout utems, tightly packed with eggs. 
Females preponderate over males in a proportion of 466 to 1 . 

The egg (50 by 22 p, ; Plate XXVI, 18) is brown and has a characteristic 
barrel shape, and a single shell with a plug at each end. It contains an un- 
segmented embryo. 

The worm is greyish- white or slightly pink and lives in the (jaeoum, where it 
maintains its position by transfixing a superficial fold of mucous membrane with 
its slender neck, and lying embedded in mucus between the intestinal villi. 

Life-history. — ^Infection is spread chiefly by stale faeces. The eggs are 
unsegmented ; embryonation takes at least 14 days, and the contained embryo 
develops very slowly, attaining its full size in 6-12 months. It can withstand 
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a low temperature owing to its thick shell, and remain latent for five years. 
Moisture is necessary and it cannot xvithstand desiccation. Development is 
direct. The embryo hatches only when the egg is swallov/ed : the egg-shell is 
digested by the intestinal juices, and the larva passes to the ceecum or large 
intestine, where it attaches itself to the mucosa and becomes adult. 

Pathogenesis and treatment. — ^jSTo special pathology is known, except that 
when in large numbers prolapse of the rectum may result (see p. 800), and the 
worm is of no great practical importance, save that the eggs should be recognized 
in the fseces. It is difficult to expel. Tetrachlorethylene and oil of chenopodium 
will remove a certain proportion (p. 810). In Mexico leche de Mgueron, the fresh 
latex of Ficus glahrata, is given ; taken on an empty stomach in 2 oz. (60 ml.) 
doses, it gets rid of these worms. Unfortunately it rapidly ferments unless 
kept on ice. Hexylresorcinol in 1 in 2,000 solution has been advocated recently. 
The bowels are first cleansed by a soap and water enema, and two pints of the 
medicated enema for adults, less for children, is injected. One enema a week is 
necessary for a period of three weeks. A recent suggestion is Do per cent, 
warm hydrogen peroxide solution, introduced into the intestine. Sandground 
has found that these worms are expelled after oral administration of emetine 
(gr. 1) in enseals. (For further details, see p. 800.) 

Capillaeia hepatica (Bancroft, 1893) 

Synonyms. — Trichocephalus hepaticuSy Hepaticola hepatica. 

This is closely allied to T. tricMura, and is normally a parasite of the liver of 
the rat, where the eggs are deposited in masses. Thej^ resemble those of the 
former, but the outer shell is distinctly pitted. It has a direct life cycle like that 
of T. trichiura. It has been found twice (Dive and MacArthur), on one occasion 
in a British soldier in India. Septic pneumonia, secondary^ to abscess of the 
liver, was caused by the adult worms. The eggs are present in liver substance 
but not in faeces. The second was reported by Brosius in Panama (1948) in 
a woman who lived on the livers of rodents u hich harbour the parasite. This 
infection was cured by oil of chenopodium. 

Teichiitella spiealis (Owen, 1935). (Fig. 298) 

Distribution. — ^World-wide, formerly common in Germany, now found in 
U.S.A. (in 5 per cent, of the pigs of Boston ; with modern digestive technique, 
it has been found in 18*6 per cent, of cadavers in Michigan), China, 
India, Syria (from eating wild pig), in Algeria and East Africa. Recent 
recrudescence in England and South Wales was ascribed to sausages. Pigs, 
wild boars, bears and rats are universally infected. Most animals, even lizards, 
are capable of infection in the laboratory, but birds are refractory. Infection 
takes place from pig to cat, and rat to rat, as sick rats are eaten by their fellows, 
Man is not a normal intermediary host. 

Characters. — ^Trichinella is a white worm just visible to the naked eye. The 
male (1*6 mm. by 0-04 mm.) has a cloaca situated posteriorly between two caudal 
appendages and two pairs of papillae. The female (3-4 mm. by 0*06 mm.) 
has a vulva in the anterior fifth, an ovary in the posterior half, and an anterior 
portion occupied by a coiled uterine tube. The anus is terminal. 

The e^^(20 p, in diameter) lies in the upper uterus, but the embryo soon breaks 
loose from the shell and lives free in the uterine cavity. The embryos are 
voided into the lumen of the intestine and measure 100 p by 6 p. 

The worm inhabits the small intestine. The embryos emitted by the female 
migrate into the muscles where they encyst. The cysts are too small to be seen 
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at meat iiispeclions unless they are completely calcitied. T1 k‘ male* dies soon after 
copulation, the female 5-6 weeks later after discliarging lunulreds of embryos. 

Life-History. — When niati consumes raw flesh infected with cysts o^T.. spiralis 
the cysts are digested out in the stomach and, after excystiiig in the duodenum, 
the larvae invade the duodenal and jejunal mucosa and develop tlnough four 
eedyses into adult males and females within 6-7 
days. Whilst both adults and larvm develop with- 
in the same host, two hosts are rec[uirod to comj^lcte 
the life cycle. Tii Nature the infection is normally 
propagated by the black and brown rats, wliich are 
cannibalistic. Man usually acquires infection from 
eating inadequately cooked pork auid also bear haras. 
The embryos, derived from the female, travelling 
via the lymphatics and venous channels, guided l)y 
instinct, pierce the coats of vessels and encyst in 




Fig. 298. — Trichinella spiralis, 
female and male, x 45. 
[A jt&r Brumpt.) 

Emir., embryos ; 0.0., genital open- 
ing ; Ov., ovary ; T., testis. 


Fig. 299. — Encysted larva of Trich- 
inclla spiralist fifteen days after 
entering muscle, x 300. {After 
Claus, in, Brum pi's “ Precis de 
BarasitoUnjie.'') 


striated muscles, especially the diaphragm, intercostal and laryngeal muscles 
and tendinous insertions in the neck and eye. (Fig. 299.) The cysts are 
oval, the cyst wall being formed by tissue reaction (Fig. 299). At first the 
adult worms may be lodged in the glandular crypts, but later the females 
burrow into the villi, and even into the mesenteric lymph glands. 

Symptoms. — ^The symptomatolog}'' may be divided into three stages : (1) in- 
vasion (incubation), (2) migration of larvae, and (3) encystation of larvra and 
tissue repair. After an incubation period of 7-14 days the irritation of the 
duodenum and jejunum produces violent diarrhoea. There may be maculo- 
papular eruptions. In the second stage larvae have been found in the cerebro- 
spinal fluid and their presence is not always accompanied by clinical symptoms 
(Evers), but some patients exhibit signs of meningitis : others encephalitis. 
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Symptoms at first may resemble those of cholera or dysentery with hyperpyrexia 
(T. 104'^-10G° F.). During migration of larvae through the tissues there may be 
typhoidal symptoms with remittent temperature, a slow muttering delirium, 
muscular rheumatic pains, and difficulty in mastication, deglutition and respira- 
tion. “ Splinter ” nail haemorrliages are characteristic. Three weeks later, when 
encystment in muscles has taken place, there is profound cachexia, due to absorp- 
tion of toxins, oedema of the face, abdomen and legs, mental apathy, pruritus 
and skin eruptions. Death occurs in the sixth or seventh week from exhaustion 
or pulmonary complications. In recovery, the fever resolves, but the muscular 
pains persist. In Wolverhampton cases (1940) there were no severe gastro- 
intestinal symptoms, but abdominal pains, oedema of the eyelids and headache, 
suggesting influenza, and puffy face suggesting nephritis, with blood and albumin 
in the urine for a few days. Severe forms were described by Houston and Ross 
(1941) with hsemorrhages beneath the pleurae and also in stomach and intestines, 
especially into the right psoas muscle. Myocarditis was one of the most serious 
complications. The mental attitude is identical with that of encephalitis. 
iSplenomegaly was observed. Embryos were detected in the peripheral blood 
and could be demonstrated by mixing blood \ritb dilute acetic acid and subsequent 
centrifugation. In the jieriod of encystation there may be cachexia, toxic cedema 
or extreme dehydration. Nervous disorders include peripheral neuritis, defects 
of vision, delirium and encephalitis. 


Diagnosis. — ^Eosinophilic leucocytosis appears soon after infection, and may 
be high ; it decreases in the chronic stage, and is absent after nine years. Adult 
worms and embryos are found in the faeces. In the chronic rheumatoid stage, 
cysts can be recognized under the microscope in biopsy material. When calcified 
they may be demonstrated by X-rays. At autopsy, the pectoral muscles, dia- 
phragm and laryngeal muscles (Gould) should be searched. In America, 50 grm. 
of muscle is digested by artificial gastric juice at autopsy. In the living subject a 
small portion of tissue obtained by biopsy can also be digested, and this is the 
best method of demonstrating cysts. They are found in U.S.A. in 20 per cent, 
of the population ; in England in 1 per cent. (Van Someren). Sub clinical 
triohiniasis ” is now recognized as a definite entity. 

The precipitin test (Bachman), made with extracts of the parasite, becomes 
positive too late to be of value. An intraderma,! reaction may be produced by 
antigen prepared firom artificially-infected rabbit muscle. This when injected 
causes both immediate and delayed reactions. American workers use 1 in 10,000 
dilution of antigen in Coca’s solution, which is more sensitive and gives positive 
results two to three weeks after infection. 


Prophylaxis* — Rats in pigsties must be destroyed, and pork, especially 
sausages, inspected carefully. Bear meat has been prohibited in U.S.A. and 
in Russia. Areas with the highest proportion of garbage disposal to swine give 
the highest trichiniasis rates in man. 


Treatment.— No specific has yet been evolved. Injection of convalescent 
serum may control the toxic features. Good results have been obse^ed after 
intravenous injection of 6 ml. of 10 per cent, calcium-gluconate (Lilly) d^g the 
migratory phase. Subcutaneous injection of carvasept (a preparation of thymol) 
in olive oil, or gum arabic, has given some promising results m Amen^. A more 
hopeful method has been the use of the parathyroid-^tamin-D— calcium 
complex to secure calcification and death of the parasite within a shorter space 
of time. Parathyroid extract, 20^0 units every twelve hours for nob more than 
ten days, is indicated, together with ergosterol and calcium salts (Van Someren). 
Sulphonamides and phenothiazine have had some success m experimental rats. 
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FlLAI’vLOlDEA 

Thi8}j:r(jup iiR'lutlos spirui-ak' filiform noinafodes adapt/cd to ijihalnt the deeper 
tissues, eh as the eireulatory. lymphatics and eoiincctive tissue layers. 8otne 
iiiseet iutermediarv iH necessary to complete their development. 

Wdcxiererta bancrofti (Cohbold, 1877, Seurat, 1921). (Fig. 300) 

Synonym. — Filaria hmicrojti (Cobhold, 1877) 

Distribution, — This is wide in tropical and subtropical countries, reaching 
noiih to S. Spain, in Europe and Oharleslon in U.S.A., and soutli to the Argentine, 
Transvaal, Brisbane in Australia, with isolated foci in North Central Africa and 
[Ogypt; in East Africa along the eoast of Tanganyika, it\ the region of th(^ great 
lakes, especiallv at Mwanza— Lake Vi(*-toria, and souili io the Iransvaal. It is 
common in West Indies, Brazil, South (-hina, South India, (Vyloi\, Indonesia 
and in Melanesia, Solomon Islands, and Now (hiiiK’ia. 



Fig. 300.~-Parental forms of W. hanemfti, MagniHcd. 
rt, Tail of male ; /», head and nc<*k; c, tail of fonmlo. 

Characters. — It is a thread-like white worm found in lymphatic vessels and 
glands. The sexes are coiled together, and can be separated with difficulty 
(Figs. 153, 154, p, 737). Buckley has shown that the cuticle is adorned with 
small cuticular bosses. 

The male (4 cm. by 0* 1 mm .) is coilod,with a corkscrew-like tail and two spicules, 
the larger of which measures 500 p. The smaUor (300 p.) is grooved on its ventral 
aspect. There is a short, thick proximal and a whip-like distal portion ending 
in a hook, and 15 pairs of minute sensory caudal papillm, A saddle-shaped 
thickening of the cuticle on the posterior wall of the cloaca forms a shield, and 
there is an accessory piece peculiar to W. bancrofti (Fig. 300, a). There are 
12 pairs of circumanal papillm, of which eight arc preanal and four postanal in 
position. There are also two pairs of large sessile papillae, and at the tail a 
solitary pair of minute size. The female (6'5-10 cm. by 0-2-0’28 mm.) has a 
tapering anterior end with a rounded swelling. There are sessile papillae on the 
head and an oral aperture leading to a cylindrical oesophagus. The mid-intestinal 
tube is one-third to one-jfifth of the total diameter and opens into the rectum 
posteriorly. The caudal extremity is narrow and abruptly rounded (Fig. 300, o). 
The vulva is 0-8 mm. behind the anterior extremity. A swollen vagina 
(0-25 mm. in length) leads into the uterus, which divides into two tubuli, 
which are much coiled, occupying the greater portion of the body with a 
diameter three times that of the mid-intestine (Fig, 301). Two ovaries and 
ducts extend to within 1 mm. of the tail. 
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The eggs lie in the upper uterus enclosed in a chorionic membrane which becomes 
a sheath to the living embryos (microfilariae) (Fig. 302). They are emitted by the 
viviparous female and travel via the lymphatics into the blood-stream, whence 
th^" are abstracted by various species of mosquito. Their size in the distal 
part of the uterus is 38 by 25 [i, but as they are pushed to the vagina they 
become more elongated. The microfilaria develop from an oval egg and 
measure at first 216 fi. The embryo often lies curled up in its shell w’hich 
becomes lobed, resembling a Dutch twdst, or “ Pretzel.” 



Fig. 301. — Diagram of head 

of W, bamrofti $ . x 50. 
a,, mouth ; b., circumoral papUba ; 
Ex., excretory pore; Int., In- 
testine ; N., nerve-ring ; Oes., 
(Esophagus ; Ov., oviduct ; Ut., 
uterus; Y., vulva. 


Embryo (microfilaria) (280 /x by 7 jx).— 
Examined in the living state with a low power it 
appears structureless. With higher magnifications 
the entire embryo is seen to be enclosed in a sheath 
(structureless sac), which is longer than the enclosed 
embryo, so that this can move backwards and for- 
wards, and the collapsed portion trails after the head 
or tail. In the middle third is some granular material, 
or primitive gut (Innenkorper), There is transverse 
atriatioii of the muscular layer throughout. At 
one-seventh of the length from the head there is a 
break which denotes the nerve ring (n.r.) and one- 
fifth of the length there is a triangular V-shaped 
patch, demonstrated by light staining with dilute 



Fig, 302. — Evolution of sheathed microfilaria from ovum 
in uterus of parent worm. The later stages may 
occasionally take place after emission from vagina. 

(Partly after Penel.) 


hsematoxylin, known as “ anterior V-spot,” or the excretory pore and excretory 
cell (e.p. and e.c.). A short distance from the tail a second pore represents the 
anus, cloaca or terminal part of the primitive alimentary canal, and is known 
as the “ posterior V-spot ” (Fig. 307, 7). Deeply staining cells are knowm as 
genital cells (g.c.). When stained, the body of the embryo is seen to be composed 
of closely packed ccUs, and by focusing, when the movements of the living 
microfilaria have subsided, the head appears to be covered by a delicate prepuce. 
A short fang is from time to time shot out from the uncovered cephalic end and 
suddenly retracted (Fig. 157, p. 739). 

Knott showed that microfilarise pass with difficulty through the peripheral 
capillaries and that they are less active in day than in night blood. They are 
capable of movement and of transit from place to place (Drinker). 

Periodicity. — Microfilariae of W. hancrofti exhibit a nocturnal periodicity 
wherever they occur, in West Indies, South America, North, West and East 
Africa, China, Indonesia, New Guinea and Melanesia, i.e., they are present in 
peripheral blood in larger numbers during the night than during the day. The 
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maxiniuiii ooncciitratioii from 10 p.in. to 2 a..in. It appeared to Manson 
that this iioctui’ijal pei'iodicity was an ada})tation to tli(‘ habits of night-biting 
mosquitoes— fftiig(Uhs\ C. pipic.tfff and certain Anophelincs — but the 
niechanisin has never been sa.tisfact.oril 3 ' explained. The numbers of the 



Fig. 303. — Stages of larval form of IF. hanemfti, from thoracic muscles of Culex 
fatigans. X 150. {After hooss,) 


microfilariae are influenced by sleeping, and respond instantly to waking and 
bodily activity. By reversing the hours of sleeping and waking the periodicity 
is disturbed for three days and then reversed to diurnal periodicity. Recent 
observations on microfilarije of animals {Dirofilaria of dog, filaria of 

American crow and that of the Malayan monkey, Miicaca sporiom) show that 
they also maintain nocturnal periodicity and arc sensitive to light and darkness, 
and reversal is easily cHtablished. Periodicity is probably a quality inherent in 
. the ini(;rolila.ria itself and persists unchanged in 
transfused blood (Hawking). pp. 738-742.) 

Life-history. — The life-history was first worked out 
by Mauson in Culex faiigans in China in 1878. Within 
one hour of entering the mosquito’s stomach, the micro- 
filariae oast the sheaths and bore through the stomach 
wall. O’Connor and Beatty showed that at the end of 
an infective feed the embryos collect at the anterior 
end of the stomach and then enter the anterior 
cylindrical portion of the midgut. Forward trans- 
portation is effected by reversed peristalsis until they 
are distributed over the whole of the cylinder. At the 
end of sixteen hours they form a writhing mass behind 
the valve which prevents their progress into the fore- 
Fig. 304. — Larval filaria gut. The proboscis of the mosquito exerts j)ositive 
from proboscis sheath of chemotaxis upon microfilarise. Therefore Culex fatigans 
AHes pseudosciitellaris. or G. pipiens can abstract more embryos than would be 
LeS'i-j 'S’ x*' u'oirram®' Present in a similar quantity of circulating blood. The 
mosquito abstracts 1 c.mm. of blood at each feed and, 
in so doing, concentrates the embryos ten-fold. They next enter the thorax, where 
they lie between the muscular fibres (Fig. 305). Within two days they increase in 
girth, the “ posterior V-spot ” (or anal pore) enlarges, and the excretory vesicle 
becomes more prominent. By rapid nuclear proliferation the larval filaria now 
assumes a squat “sausage” form (Fig. 303, 1), the tail shrinks and is then absorbed. 
Mouth and oesophagus are apparent from the fifth day onwards and the excretory 
pore is transformed into the anus. (Fig. 303, 2.) 
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When the larva is 0-5 mm. in length, a bulbar cesophagus appears at the first 
and second fourths of the alimentary canal. Novr, elongated and worm-like, the 
larva moves sluggishly about. Three caudal papillae develop which function in 
progression and facilitate penetration of human skin (Fig. 304). About the tenth 
day (in favourable circumstances) the larval filaria, 1*4 mm. long, travels forward 
into the head, where it cods up and enters the proboscis sheath of the mosquito, 
but occasionally it may penetrate into the abdominal cavity and legs. Two or 



Fig. 305. — Section of thoracic muscles of Aedes scutdlaris {pseiidoscutellaris) : 
second day after feeding on filariated patient. 

more ecdyses take place. At high temperatures and in moisture the complete 
cycle occupies ten to fourteen days, hut it is retarded to sis weeks by cold. 
Sometimes the larvae die in the thoracic muscles and axe enclosed in chitin, 
producing a curious mummy-like structure (Fig. 161, p. 744). When an infected 
mosquito bites man, the larvse, attracted by warmth, break through the terminal 
portion of the proboscis sheath (Dutton’s membrane), wriggle out on to the 
skin, which they penetrate near the seat of the puncture caused by the stylets 
of the mosquito (Fig. 306). Complete development of W. bancrofti has been 
observed in the following species of mosquitoes. 

Qulex fcbtigans {quinquefasciatiis). West Indies, British Guiana, India, 
Philippines, S. China, Egypt, Queensland, Celebes, Indonesia. 

0, pipiens and 0. pipiens var. pillens. China, Egj^t. 

G. habilitator. St. Croix, West Indies. 

0. alis. Celebes. 

0. wMtmorei. Celebes. 
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Fig. 306. — Larval W. pacijica emerging from proboscis of Aed&'i 'psmdmcutdlaria. 

G. vislmui. Celebes. 

G. mgams. China. 

(7. annulirostris, Celebes. 

Mansonioides anmlifera. Southern India. 

M, africanus and M, unijormis. Central Africa. 

Aedes togoi. Japan. 

A. chemulpcensis. Japan. 

A. cegypti and A. alhopictns. Indo-C-hiiia. 

Anopheles suhpictus. India. 

A. nigerrimus. Southern India. 

A. hyreanus var. sineTisis. Japan, China, North-West India. 

A . funestus. Nigeria . 

A. gamhioe. West Africa. 

A, algeriemis. Tunis. 

A, amictus. Queensland, New Britain. 

A. albimanus, St. Croix, West Indies. 

A, albitarsis. Brazil. 

A. aconitus. Celebes. 

A, annularis, India. 

A, barbirostris, Dutch East Indies, Southern India and New Guinea. 

A. darlingi. British Guiana. 

A. punctulat'us farauti. New Guinea, Solomon Islands, New Hebrides. 

A, stephcTisi. India. 

A. sundaicus, Sumatra. 

A. tessellatics. Maidive Islands. 

A, vagus. South Indio. 

Some 22 species are listed in which partial development may occur. 

In the human host the infective larvae pass through the peripheral blood vessels 
to the lymphatics where they become mature in an estimated period of one year. 
Man is the only known definitive host. 
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WucHERERiA PACIFICA. — ^^lanson-Bahr, 1941 
The Editor first suggested that the filaria found in Central and Southern Pacific 
might be a separate species. As far as can be ascertained, embryos (micro- 
filarise) are morphologically identical with those of W. hancrofti. 



Fig. 307. — (1) Microfilaria bancrofti; (2) Microfilaria malayi. (From “ A Comparative 
Study of Anatomy of Microfilaria Malayi and Bancrofti,^* Eeng,) 

n.r. =51 nerve ring ; e.p. = excretory pore ; e.c, = excretory cell ; g.c. 1. 2. 3. 4. == “ genital cells” ; 

a.p, = anal pore. 

Microfilarise in Polynesians (Fiji, Samoa, Tonga, Cook Islands) are non-periodic. 
In these islands as well as in Tokelau, WaUis, Ellice, Gilberts, Marquesas and 
those beyond “ Buxton’s line ” (longitude 170° E.) they do not exhibit nocturnal 
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periodicity, but (>coia* in t'qual numbers in the blood by clay and night. Develop- 
ment of this filaria is confined to inosquitoos peculiar and indigenous to the 
S. Pacific Islands, Aedcs sentdhtris (i}semloscutdlans and A. s. polynenensis 
(Marks) ) in both of which maxiinuin development occurs. The non-poriodic 
microfilaria does not develop readily in C. faligans, which is the optiinuin host 
for the nocturnal periodic form, W. hancrofti. A. s. and 

.4. s, polynesiensis arc adapted to the coconut palm and have peculiar habitats 
(see p. 1046). The adult male 27 mm., female 58 nini., arc smaller than those 
of ir. bancrojti and the lattci- lacks the bulbous termination of the tail (Buckley) 
which characterizes W. hmicrofti In immigrants to Fiji nocturnal periodic 
raicrofilarise (Solomon Islanders, Now Hebrideans and Indians) retain their 
nocturnal periodicity, but, if members of these races arc infected locally in Fiji, 
the microfilariae found are non-periodic. In Europeans, Indians and in others 
contracting filariasis in Fiji the mierofilaihe also are non-jreriodic. This form 
of filaria produces enlargement of lymphatic glands, especially the epitrochlear. 
The adult filariie are for the most part found in lymphatic glands. Clhyluria and 
lymphuria are rare. 

WucnBRERiA]vuLAYi(Brug, 1927) Kaoand Maplestone, 1940 
Distribution. — This is the common form in Malaya, Indonesia, Central India, 
Ceylon, South China, Korea, Indo-China and Kosluina Island, Japan. (It has 
not been found in Africa, America, Australia or in the I'acilie Islands.) 

Characters. — Rao and Maplestone described the adults (1940) in Travancore; 
later (1941) Bonne and colleagues in Indonesia. They are practically identical 
with F. banmfti in nearly all characters; the fomaloa arc indistinguishable. The 
female measures 65 mm. in length by 160 fi. The vulva is situated ()4)2 mm. from 
the anterior extremity. The caudal end is bluntly I'oundcd. The male is 
22-23 mm, in length by 88 jx in diameter. The posterior extremity has about 
three turns and the anus is 0-1 to 0-14 ram. from the tip of the tail. One pair of 
large papillae are just in front of the cloaca and one behind. There arc also two 
smaller pairs. There is a small naviculatc gubernaculum and two spicules which 
are unlike in size and structure. The longer is 0*34 to 0'36 nun.: the shorter 
OTl to 0-12 mm. in length. There are morphological differences in the micro- 
filariae and the mosquito intermediary is distinct — Ma7isonioides ari'mlifera. 
Poynton proved that it is identical with a microfilaria of monkeys {Macaca irm) 
which is transmitted by the same mosquitoes. 

The microfilaria of W. malayi was firet discovered by Lichtenstein in Celebes, 
and was studied further by Brug in 1927. 

Microfilaria malayi has a nocturnal periodicity like that of W. bancrofti (Brug, 
Poynton, Hodgkin, Gaillard, Liu, Feng and Yao). It measures 200-250 ft by 
6-6 ft. Its chief points of distinction are the elongated nucleus at the tip of the 
tail and the absence of nuclei in the cephalic space. (Fig. 307, 2.) 

The following table summarizes the main points of distinction between micro- 
filaria malayi and microfilaria bancrofti : 

Table XIII 

Mioroeilaria malayi (Fig. 307, 2) Microfilaria bancrofti (Fig. 307, 7 ) 

It is often found closely folded with Usually seen lying with head and 
head close to tail, and is irregularly tail well separated, and commonly 
disposed for, besides major curves, shows three or four major curves 

minor angulations are typical. of graceful appearance. 

The nuclei are blurred and intermingled The nuclei are well defined and 
so that they cannot be easily counted. spaced and can be easily counted. 



FILARIA 


995 


Microfxlaeia malayi jMeceoitlaria bancbofti 

The tail tapers to a fine point, con- The tail tapers to a point and the 
tinned as a fine thread. There is terminal portion contains no nuclei. 
typically one nucleus at the extremity 
of the tapered portion and two in the 
terminal thread. 

The cephalic space is twice as long as The cephalic space is as long as it 
^road. is broad. 

The excretory pore and cell are separ- The excretory pore and cell are close 

together and a thread of proto- 
The anal pore is a clear space about 40 plasm runs posteriorly from the 
fjL from the tail end. latter. 

Treatment. — In W. unalayi hetrazan clears the microfilarise in the blood in 
the same doses as for IF. hancrofti. 

Life-history. — The most favoured mosquito intermediaries belong to the 
genus Mansonioides (p. 1043) which are crepuscular or nocturnal feeders. Develop- 
ment in the mosquito is similar to that of IF. buTicroJti, but more rapid, in 6-8 J 
days. In Celebes the intermediary is Anopheles barbirostris (Brug and Tesch). 
No development takes place in Oulex fatigans (Gaillard). In China and Korea 
the appropriate species is A, hyrcanus var. sinensis; in Malaya, Mansonioides 
annukitiLSf M. annulifera, M. longipalpk and M, uniformis are equally suitable, 
being adapted to water plants, to the roots of which the larvae adhere by their 
respiratory siphon. (Tig. 365, p. 1042.) In Koshima Island, Japan, develop- 
ment takes place in Aedes togoi (Sasa and Hayashi, 1953). 

Relationship to W, hancrofti: the two species exist together, especiahy in 
South India and Malaya, The incidence of the latter is urban : that of IF. rmlayi 
rural, depending on the presence of ponds with decaying matter and water plants. 
In towns W, hancrofti has a centripetal and IF. malayi a centrifugal distribution. 
In South India Iyengar finds that, under natural conditions, IF. hancrofti develops 
in Oulex fatigans and Mansonioides annulifera. In Malaya, on the other hand, 
the species are Anopheles vagus and A. barbirostris. In S. Korea and in the 
Island of Quelpart, Senoo and Lincicome found it in 12 per cent. 

Pathology. — ^Tilariasis due to TF, malayi produces especially elephantiasis 
of the legs (p. 751). 

Prophylaxis.— 'Eradication of water plants necessary for the development of 
mansonioides has proved effective. 

DiBOFILAEIA MAGALHiBSI (R. Bla^d, 1895) 

This filaria was discovered in Rio de Janeiro in 1887 in the left ventricle of 
the heart of a child. Tor a long time its classification and significance remained 
obscure. Then Taust and his colleagues (1941) reported a similar discovery in 
New Orleans. The specimen was a solitary male closely allied to, if not identical 
with, the dog heart worm, Dirofilaria immitis. This filaria may therefore some- 
times occur as an accidental infection in man. The female is 155 mm. ; the male 
83 mm. in length. 

hlANSONBLLA ozzABDi (Manson, 1897 : Taust, 1930) 

Synonym. — Filaria ozzardi. 

Distribution.— West Indies, South America, Northern Provinces of Argentine 
(20-30 per cent, infected). Common in St. Vincent (West Indies) in aboriginal 
Indians (Caribs) of British Guiana, often together with BipeMonerm perstans. 
It was originally discovered by Manson in the blood of Carib Indians, and is 
now considered identical with F. demarquayi. The parental forms were 
discovered by Daniels in Demerara Indians and by Galgey in St. Lucia. 
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Characters— Tlio male, 3-2 cm., has a coiled tail and one spicule. The female 
(6-5-8* 1 cm. 0'21-0*25 mm.) lias a vulva 0-76 mm. from the anterior extremity, 
and an anus 0*23 mm. from the tail. The caudal extremity has two prominent 
papill® with a terminal thickened cuticle. The microfilaria ( 173-240 p. by 4-5 p) 
is unsheathed and closely resembles that of J). perstn.ns, but has a sharp tail 
(Tig. 152, 0, p. 736.) 

Life-history.— This was worked out by Buckley (1934) in St. Vincent, 
British West Indies (37*7 per cent, of the inhabitants infected). The inter- 
mediary insect is a midge, Gulicoides furens {see p. 1048), a common pest ; 27*5 



Fig. 308.— L. loa, male, x 10. {Partly after Looss.) 

per cent, experimentally infected contained larval forms of this filaria. The 
ingested microfilariae migrate within twenty-four hours to the thorax ; develop- 
mental staps are similar to those of D. perstaiis. Two eedyses occur ; the 
largest — third stage — larvae in the head measure 0*7 mm. Emergence from 
proboscis takes place within eight days. 0 . parcevsis is possibly a vector in 
St. Vincent : C. furens in Antigua (O’Connor). 

Pathology. — ^Montestruc (1949) thinks that it causes adeno-lymphocele. 

Treatment. — ^Microfilaria ozzardi is susceptible to hetrazan; 6 mgm. per kg. 

Loa loa (Guyot, 1778) (Tigs. 308, 309 and 173, p. 770.) " The eye-worm” 

Distribution.— Widely distributed in West Africa from Sierra Leone south- 
wards to Angola ; mostly along courses of great rivers, Niger, WeU§, Congo 
(not in East Africa) ; especially common in Southern Nigeria and on Ogow6 
River, Cameroons. In Southern Sudan a closely allied form, L. papioniSf is 
found in baboons {Papio cynocephalus). In the Cameroons one -third of 
one hundred and fifty monkeys investigated harboured a filarial infection 
mdistinguishable from L. loa. 

Characters. — ^The body is filiform, cylindrical, whitish and semi-transparent, 
with numerous round, smooth, translucent protuberances of the cuticle, 12-16 p 
in diameter, and 9-11 p above the surface. These cbitinous bosses are more 
numerous in females. Their distribution is irregular. In the male they are 
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absent at the extremities ; in the female they extend on the tail and also the 
cephalic end. The mouth is unarmed and destitute of papillse ; there is no 
distmct neck, but a shoulder 0-15 mm. from the mouth where there are two 
papillae, one dorsal, the other ventral. The alimentary canal commences at a 



Fig. 309. — L, loa, female. X 10. (Partly after Looss.) 


funnel-shaped mouth as a slender straight oesophagus, going on to an intestine 
65 [i, wide, and a short attenuated rectum. The male (3-3 *4 cm. X 0’35-’43 mm.) 
has its maximum breadth anteriorly (Fig. 308 ) ; posteriorly it tapers to a tail, 
which is curved ventrally, with two lateral expansions of the cuticle (0*7 mm. x 
0-029 mm.) (Pig. 310.) In the middle, 0-08 mm. from the tail-tip is the opening 
of the ano-genital orifice with two rmequal spicules (123-176 (x and 88-113 yi) 
surrounded by thick labia. There are four large globular, pedunculated papiUse, 
decreasing in size antero-posteriorly, and a fifth pair of small postanal papiUae. 



Fig. 310.— Posterior extremity of L. loa, (a) female, (b) male. (After Loose.) 

The female (5-7 cm. x 0*5 mm.) has a straight, attenuated, broadly rounded 
posterior extremity and a vulva 2*5 mm. from the anterior extremity placed on 
a small eminence. The vagina, 9 mm. long, branches off into two long uterine 
tubes extending through the length of the body. At the narrow end are the ovaries. 
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with eggs ill all stages. (Figs. 300 and 310a.) Reproduction is ovoviviparous • 
the embryos develop within the egg envelope and uncoil themselves on ex' 
pulsion from the vagina. When dead the adult worm often becomes cretified' 
The embryo is known as microfilaria loa, or 
diurna, and is similar in size (298 x 7-5 p.) and 
structure to microfilaria bancrofti- In fresh blood 
it may he impossible to distinguish them. In dried 
stained films (1) it assumes a stiff angular attitude, 

(2) the tail end is disposed in a series of sharji 
flexures, giving it a corkscrew appearance, with the 
extreme tip flexed, (3) the nuclei of the central 
column of cells of microfilaria loa is larger and less 
deeply stained. (4) The cephalic end of the 
column is more abruptly terminated. (Fig. 152, 2.) 



P'S- 311.— Development of ioa&)o in chrysops. a ou. 

(After A. and S. L. M. Oonrud, “ Tram. Itmj. Soc. Trap. Med.") 

£ the beginning of 

up methylene blue <1 f marked feature. Microfilaria loa takes 

SrisKm tL'r" “ "“‘11 

ml Sfa^ to 8 primary mfectaon. It is strictly diurnal (Chart 29 , p. 
of iriodidtv “loroflluria banorofti, Inversim 
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Life-history. (Fig. 311). — Tiis proceeds in mucii the same manner as in W. 
bancrofti, but in the thoracic muscles, connective tissue and fat-body (Steven- 
son) of the bloodsucking “ mangrove flies,” CJirysops silacea and C. dimidiata 
(Fig. 378, p. 1050) in W. Africa and in the S. Sudan C. disthictipennis. On entering 
the stomach the embryo casts its sheath in three hours, and, piercing the stomach 
wall, enters the thoracic muscles and fat-body of the thorax, but principally that 
of the abdomen. Develo pment is complete in ten days. In three days it becomes 
broad and torpedo-shaped; on the 4th and oth days the squat-form is lengthened 
to 0-8-1 mm.; on the 6th, the corkscrew-like appearance is replaced by gentle 
curves. Then occurs the first ecdysis, and the sharp tail is replaced by a rounded 
trilobed extremity. By the 10th day it measures 2 mm. :< 0*025 mm. and 3 ecdyses 
have occurred. Larvae congregate in the head in large numbers, the majority at 
the root of the proboscis, and make their way on to the skin of the human 
host by piercing the proboscis sheath when the fly feeds (Fig. 312). It is 
capable of carrying infection for five days. In Calabar 3*5 per cent, of 
wild-caught chrysops are found naturally infected with Loa loa. When an 
infected fly feeds, large numbers of infective larvse emerge and are deposited on 
the surface of the skin, from which they disappear rapidly, by burrowing in. 

Development of the adult form in man occupies between 6-18 months. Fully 
adult worms may be found in almost aU anatomical regions, but which are limited 
by connective tissue. In monkeys similar worms have been demonstrated moving 
along intermuscular septa and similar fascial planes. Many patients with 
loaiasis appear to have no microfilariae in the blood, but in reality they are present 
in small inconstant numbers and can be detected by repeated examinations. 
Gordon suggests that microfilariae may accumulate as a reservoir in the 
internal organs. 

Pathogenesis and treatment {see pp. 771-774). 

Dipetalonema pebstans 
(Manson, 1891 ; Railliet, Henry 
and Langeron 1912) (Fig. 313) 

Synonyms . — Filaria per- 
Stans : Amnthocheilonema Per- 
sians. 

Distribution. — Generally 
throughout Central Africa in 
man and chimpanzee. In Congo, 

Nigeria, Gold and Ivory Coasts, 

Sierra Leone, Northern Rhod- 
esia, Uganda (90 per cent, 
infected) ; also in Venezuela, 

Trinidad, British and Dutch 
Guiana (but not in West Indies), 

Amazon Valley (Brazil) and 
Northern Argentine ; possibly 
also in New Guinea. It is found 
in Europeans in Central Africa, 
commonly associated with micro- 
filaria loa and bancrofti; and 
in British Guiana with micro- 
filaria ozzardi. As individual 
measurements differ so considerably, the South American form may wen. con- 
stitute a distinct species (Map VIII, p. 735). This microfilaria was described by 
Manson in 1891 and the adult form subsequently by Daniels in British Guiana. 



Fig. 312 .— Development of L. loa in Chrysops 
silacea, showing several mature larvae at tip of 
iabella. 


{AJter A. and S. L. M, Connal, “ Trans. Boy. 
Soc. Trap, Med, and Eyg.'') 



1000 


MEDICAL HELMINTHOLOGY 


Characters. — It has a long cylindiical, smooth body, and a simple, unarmed 
mouth. The tail in both sexes is characteiistic : iiicui'vated, with a chitinous 
covering at the extreme tip split into two minute appendages, giving a mitred 
appearance. (Tig- 313,) The male (4*5 cm. by 0 06 mm.) is smaller than the 
female. The head is 0-04 mm. in diameter, and the cloaca has four pairs of 



Fig. 313. — Tail of Di^petahnewu prr,sitins, showing; two 
unequal spicules and papilla'. {After Leiper,) 


pre-anal and one pair of postanal xjapilhio, and two unequal Hf)iciilcs (Fig. 313). 
The female (7-8 cm. by 0-]2 min.) has a club-shaped head 0-07 mm. in diameter, 
and a vulva situated 1 -2 mm. from tho head. The anus opens a.t tbe apex of 
a papilla in the concavity of the curve formed by ibo tail ; its cliamc'tor is 0 02 miu. 
The microfilaria (200 ju by 4-5 ju) is unsheathed ( Fig. 152, 5, p. 73()}. It possesses 



Fig, 314. — Larva of Dipefalmetm persbim in proboscis of Culicoides uustnd. 

{Dyce Hlmp,) 

in a remarkable degree the power of elongation and contraction. O'herefore 
the measurements vary considerably. Brumpt et at described long and short 
forms (90-110 p- by 4 ju,). It is smaller than jnicrofilaria bancrofti or loa and its 
caudal end is truncated and abruptly rounded. The tapering tail extends two- 
thirds of the entire length. Tho anterior “ V-spot ” is 30 /x from the anterior 
extreuiity. There is no marked tail spot, no central granular mass, and no 
cephalic prepuce. It moves freely in the blood, locomoting like the sheath less 
forms of microfilaria bancrofti. The microfilariae are found mostly in the heart, 
lungs, aorta and large vessels and spleen ; rarely in the pancreas. 
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The embryos occur in equal numbers both by day and night, according to 
the self-inflicted experiment of Gonnert this embryo can persist in the recipient 
three years after blood transfusion. 

Life-history. — Dyce Sharp described development in midges, CuUcoides 
austeni and C. grahami (Fig. 314). It proceeds in the thoracic muscles, and, 
within six to nine days, the larval filariss (0*7 mm.) are ripe for emergence from 
the proboscis. Before they emerge they cause a globular expansion of the labrum 
of Culicoides which then collapses and gives exit to larval Marise ; 7 per cent, of 
wild-caught midges are infected in the Cameroons. Although Henrard and 
Peel have throwm doubts on this, the validity of Dyce Sharp’s work has now 
been confirmed in the Cameroons by Hopkins and Nicholas (1952). 

Pathogenesis. — ^Adult worms occur singly in the mesentery, perirenal and 
retroperitoneal tissues and pericardium. This filaria may cause transient paias 
in the gall-bladder region. It is occasionally found in subcutaneous cysts. The 
Editor has made some observations which indicate that an allergic reaction, which 
resembles “ Calabar swellings,” may sometimes ensue. The incubation period 
is nine months to one year. 

Treatment. — ^This microfilaria is killed by hetrazan, 5 mgm. per kg. (McGregor 
et al.). 

Dipetalonema steeptocerca (Macfie, 1922) 

Synonym. — Agamofilana streptocerca (Macfie and Corson, 1922 : Stiles and 
Hassall, 1926). 

Macfie described this sheathless microfilaria, found commonly in the oorium 
of the skin, but not in the blood, of Gold Coast natives (22 out of 50 in Accra). 



Fig. U5,—Dipetalonema streptocerca embryo, showing characteristic curvature 
of tail. X 200. {Dyce Sharp.) 

It probably has a wide distribution, especially in the Cameroons. The micro- 
filaria (Fig. 315) is distinguished by the walking-stick handle ” of the tail 
extremity (Dyce Sharp). It is 215 /x in length. The arrangement of nuclei in 
the head and the four prominent ones in the tail constitute an index of 
differentiation from the microfilaria of 0. volvulus and D. perstans. 
Development takes place in Culicoides grahami and is similar to that described 
for D. perstans (Henrard and Peel, 1949). 

Peel and Chardome found microfilariae in the skin of 6 out of 11 chimpanzees 
{Pan paniscus and P. satyrus) in the Belgian Congo. Two adult female worms 
found in the connective tissue were closely similar to D. perstans. The micro- 
filariae of this species, D. vanhooji, closely resemble those of the latter. The 
incubation period of D, streptocerca is 3-4 months. Wanson and others (1951) 
have shown that the microfilariae are very susceptible to hetrazan and disappear 
from the skin in less than 48 hours. 

Tetrapetalonema berghbi n. sp. (Chardome and Peel, 1951) 

This worm was found together with adults of D, streptocerca in the Belgian 
Congo at autopsy in man. The genus Tetrapetalonema was founded by Faust 
in 1935 and thus is the eighth species to be described. 
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It is a ^hite nematode <i0-9 min. ■' 0*271 mm. with almost imperceptible 
striations. Head is heniisiilieiieal and a rclativolv^ larf^o genital opening is 
situated anteriorls'. The uterus divides into two branches. Microfilarice in all 
stages are visible' in tlie uterus. There are several cnIaT’gonients of the body at 
intervals. The caudal extremity narroiva rapidly showing four excrescences. 
The tail is recurved. The microfilaria which is found in the skin resembles that 
of a small microfilaria perstans and measures 179 p, X 3*55 /x. It may be that 
the adult form may tuin out to be similar to i). perstans. 

Onchocerca volvulus (Leuckart, 1893 : Railliet and Henry, 1910) (Fig. 316) 

Distribution. — ^West Africa, Sierra Leone to Angola, Congo, Katanga, North 
Kenya, Southern Sudan, Tanganyika, Mexico, Guatemala, Central America. 

Characters.— The body is white and filiform, tapering at both ends. The 
head is rounded. The cuticle is marked by transverse ridges, and raised, with 
prominent angular and obUquo thickenings, more distinct posteriorly. It is 
usually found in nodules, but can reproduce outside them (Van den Berghe). 
The male (2-4 cm. by 0*2 mm.) has a straight alimentary canal ending in a sub- 
terminal anus. The tail ends in a slight spiral, 
and is bulbous at the tip. Tliere are two pairs 
of pre-anal, two post-anal, an intermediate largo 
papilla, and two unequal spicules (82 p, 77 p) 
protruding from the cloaca (Fig. 310) ; the former 
has a fluted end and the latter a narrow nock and 
knob. The female normally measures 60-70 cm. by 
0-4 mm., but is often smaller, 35-40 cm. (Schafer). 
The head is round and truncated (0*04 mm.), the 
vulva 0*85 mm. from the anterior extremity, and the 
tail curved. C^uticular striations are not so 
marked as in the male. It is ovoviviparous and 
the egg has a striated shell with a pointed process 
at each pole (like an orange wrapped in tissue paper) 
measuring 30-50 p in diameter. Usually males outnumber females by 2 to 1 
(four males and two females in each tumour). (Brumpt separated a South 
American form as 0. emeutims, which is said to differ in the size and shape of 
the papiUae in the male and in the size of the spicules ; but this is doubtful.) 

The microjUarioe (300 p by 8 p) are sheathless and are found in tho fluid of 
the cyst-cavity and in the surrounding skin : they are of two types, large and 
small (Blacklock), The body tapers from the last fifth and ends in a sharply- 
pointed, recurved tail (Fig. 162, 4, p. 736). In the anterior fifth is a marked 
anterior V-spot. The cephalic cone is thickened at the commencement of the 
nuclear column. This microfilaria is non-periodic ; it is found in skin, in the 
femoral, inguinal and ceivical lymph-glands and in the expressed juice of tumours, 
but rarely in blood (2 per cent,). It is also present in the sldn of widely-separated 
portions of the body in apparently healthy natives, without producing any 
nodules or tumours. Microfilariae are easily demonstrated in the skin by biopsy. 
They are often associated with eye symptoms, in the absence of tumours, and, by 
aid of the slit lamp, may be seen in the cornea, sometimes in association with 
massive elephantiasis of the legs (p. 778). 

Life-history. — ^This was worked out by Blacklock, in Sierra Leone, where 
45 per cent, of the inhabitants are infected. Development takes place in the 
“ buffalo gnat,” Bimvlium danmomm (Fig. 374, p. 1048) and in S. neavei in Kenya, 
the fly abstracts microfilariae from the deeper layers of the skin near the nodule ; 
They then enter the stomach, pierce its walls, and pass to the thoracic muscles 



Fig. 316.— Caudal extremity 

of Omhoceroa volvulus, S . 
{After Brumpt,) 

Sp., Spicules; An., Anus; 
p., Papilloc. 
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where they undergo further development. During growth one or more ecdyses 
take place. At the seventh day the larva measures 0-65 mm. Development has 
been traced to the tenth day when the larva escapes irom the proboscis; 
bimuhum is a day-biting gnat (6 a.m.-6 p.m.) and 2-6 per cent, are natural! v 
miected. Ihey probably attract and then abstract microfilariae by scrapme: the 
skin with their prestomal teeth. 

In the South American form development is similar to that of the Central 
Atrican, but occurs in Simulium avidum, 8. ochraceum and 8. mooseri, which 
are common in endemic areas in Guatemala. Developing larv« are freqnentlv 
found m the abdomen and Malpighian tubules of these flies. Two caudal papilli 
are seen in fully developed larvae, which measure 0-45-M4 mm. In Guatemala 
11 per cent, of simulium are naturally infected. 

Tor pathogenesis and eye symptoms (keratitis punctata and interstitial 
keratitis) see p. 779. 


Dracunculds medinensis (Linn., 1758). “ The Guinea-Worm” 

Distribution. This is a common parasite of man in India, Arabia, south- 
eastern regions of LT.S.S.R., Korea, Sudan, Africa, especially Gold Coast ; it has 
been imported into West Indies and South America, and is now endemic in 
Brazil and Guianas. Occurrence in the ox, horse, dog, wild-cat, jackal and 
leopard in Rhodesia is probably accidental. Dogs, monkeys and cats can be 
experimentally infected. In one endemic area — Bahia, Brazil— the parasite has 
died out as the result of extreme drought which dried up all the w'eUs. 



Fig. 317 . — Dmcunculus medinenms. ? One-third nat. size. 


Characters. — The female is the thickness of a knitting needle and usually 
2 feet in length (32*5 cm. X 1*5-1 *7 mm. ; 90 cm. is probably exceptional, but 
1 m. 20 cm. has been recorded by Ewart). It lives in connective tissues, and 
does not harm its host until about to produce its young, when it exhibits 
“ geotropism,” i.e., it is drawn towards earth, towards the limbs — ^to the fingers, 
if in the arms ; to the scrotum or penis, if in the abdomen ; to the breasts in the 
female, though 90 per cent, migrate to the legs and feet, especially behind the 
outer malleolus. 

The body is cylindrical, white and smooth (Eig. 317). The tip of the tail is 
pointed, forming a blunt hook which was formerly thought to be used for holding 
firm in tissues, but this is not correct. The head is rounded, terminating in a 
thickened cuticle cap or “ cephalic shield.” The mouth is triangular, small 
and surrounded by six papillae and an outer circle of four double papillse. A 
lateral pair of cervical papillae is situated behind the nerve ring (Fig. 318). There 
is a single-bulb oesophagus. The secretion from the head glands is very irritating, 
and blisters the skin of the host. The alimentary canal is small and is thrust 
to one side by the branched uterus. There is no definite anus. The vulva is 
difficult to see and has been only recently discovered as a very small tube in 
the centre of the worm. The whole worm is occupied by the double uterus 
packed with embryos (Fig. 319). There is a double ovary at the posterior 
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extreniiiy. When douched with water, waves of contraction force the uterine 
contents forward, and then tljc thickened cuticle gives way and the “cap” is 
blown off. The uterus is extruded up to a lengtli of J- inch ; this also bursts 
and the contained cniliryos are shed into the water. The worm dies when its 



[After Faust.) 

Veutro-liitcral iiaiicct, stowing anus ff, <‘oimlatory si>iculos <*.y, (Iwtnbution of prc-aual and posb-an.il 
iMipill’.o and Hpitailar slioiitli 


nervous system is destroyed. The sinus containing the dead worm easily becomes 
septic, but it may coil itself round tendons and, if pulled upon, breaks. It often 
becomes cretified and can then be demonstrated by X-rays. 

The male has never been found in man, but was discovered by Moorthy (1937) 
in an experimental dog. It measures 1 •2-2-9 cm., has sub-equal spicules 
(490-730 ft), and a guhernaculum (200 (i). The posterior end is coiled on itself 



Fig. 319.— Transverse section of D. medinensis, showing contained embryo. 

(After Leuckart.) 

one or more times. There are ten pairs of caudal papillae of whicli four are 
preanal and six postanal. After copulation it dies and is absorbed. It lives in 
between the muscles of the groin. Copulation probably takes place in the 
deeper tissues. 
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The embr 3 ^o (Fig. 320) measures 500-750 fi b\' 17 /r and shows transverse 
striations of the cuticle. It is flattened, not c^^lindrical, ^\ith a long, slender 
tail, and a rounded head. The alimentarj^ canal has a rudimentary’ anuS" and 
a bulbous oesophagus. There are two glands at the root of the tail. In water 
the embryos cannot swim, but sink and coil up and release again, moving by 



Fig. 320. — Embryo of D, medinensis x 150. 

a SiGc view: b (afur Looss), tcont oesophagus; Bib., hull), aZ., alimentary canal; 

’ GL, glands: n.r., nerve ring 


side-to-side lashing of the tad and tadpole-like movement of the body. Abnormal 
embryos, with prominences on the dorsal and ventral caudal surfaces, are not 
uncommon (Moorthy), but do not survive long. 

Life-history.— In water they live for six days ; in muddy water or moist 
earth two to three weeks. If slowly desiccated, they can be revived by water. 
They are swaHowed by Cyclops when coiled up in rounded masses (cyolops has 
a very smaU mouth). The efficient intermediaries are Gydops quadricomts, or 
allied species (0. strenuus, 0. viridia, G. cororwius, G. bicuspidatjis, Mesocyclops 
leuckarti and M. hyalinua). In S. Nigeria the species is Thcrmocyclops mgmanw. 
Jerky movements of the embryo attract oyclops as a trout is attract^ by a tly . 
As many as twenty may be found in one crustacean, but usually they die out 
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wlien there arc move than four. The pointed tail penetrates the gut wall; they 
then migrate into the body cavity and feed on the ovary or testes of the cyclops. 
There is no growth in size, but two to three cedysos take place. ^ The tail is 
absorbed and they become cylindrical and the posterior extremity trilobed. 
Development takes four to six weeks. When 1 mm. in length they acquire a 
simple muscular oesophagus (Fig. 321) and the tail is truncated. This 


distinguishes the infective stage. 

J 



(Jyelops is swallowed by man ; in the 
gastric juice the body of the cyclops is 
dissolved and the larvae become active 
and burst out. Further stages in man 
are unknown. The adult worm takes 
one year to develop. In some Indian 
villages 38-6 per cent, of the cyclops 
arc infected (Liston) ; in Dahomey an 
even higher percentage has been reported 
(Chatton). 

The guinea-worm is limited to certain 
parts of tlic tropics by its need for 
suitable species of cyclops, and by the 
nature of the water supply. There is 
a regular rhythm of infection during one or two months of the year— January 
and February on the Gold Coast— during and at the end of the dry season. An 
infected cyclops is not active, but lies i)rostrato at the bottom of wells. Therefore 
in the dry season the buckets bring up many more infected cyclops and the 
liability of natives to infection is increased. Infection is easily controlled. 
Any filtration of water, even through a handkerchief, will remove the crustaceans. 
The native practice of bathing guinea- worm ulcers at the side of wells should be 
prohibited. Wells should be provided with a parapet and they should be sealed, 
and pumps erected. 

Fedchenko is credited with the discovery of the transmission of the guinea- 


Fig. 321.— Larvae of D. onedinensis 
in body-cavity of cyclops. 
{After B. P. Strong.) 


worm, but probably Manson was the original observer (1895). Loiper believes 
that the stages figured by the former are those of Cwulkinus^ not of D. medinensis. 
For pathogenesis and treatment see pp. 784-788. 
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Order Acarina (Ticks and Mites) 

Sarcoptes scahiei (Linn. 1758). Itch-Mite (Fig. 322) 

Morphologically similar species are found on domestic animals, foxes, wolves, 
and llama. 


Scabies, — Scabies is widespread in the tropics, especially in North Africa. 

The female (0*3 -0*4 mm.) of S. scahiei is bigger than the male (0*2 mm.). The 
sexes may be further distinguished by the epimera of the second pair of hind -legs 
which umte near the sexual orifice in the male ; in the female they are free. 
There are suckers (ambulacra) on the much reduced legs of the female, and on 
the first, second and fourth legs of the male. The gravid female lays eggs in a 
burrow' in the skin. The greater part of the surface of the female is covered 



Fig. 322 . — Sarcoptes scahiei : (a) ventral 
aspect with egg. x 35. {After Ganestrini.) 
(b) dorsal view. X 40. (After Brumpt.) 



Fig. 323, — Larva of Tromhicula 
autumnalis, the " harvest 
mite.** X 50. (After Hirst*) 


with fine transverse folds. The upper surface bears a number of specialized 
spines and conical scales. 

The oval eggs measure 150 (jl by 100 ; in three to five days they give rise to 

larvae and nymphs which live hke adults, and pass through four stages in three 
weeks. Finally the nymphs moult, become sexually mature, and pair off on the 
surface of the skin. The average life of the adult is four to five weeks. 

Sarcoptic mange (Animal scabies). — ^This is sometimes contracted by contact 
with dogs, cats and cattle infested with their own biological races of sarcoptes. 
They may be distinguished from human scabies by the distribution of papules and 
vesicles on the arms, shoulders, trunks and thighs, and by the absence of burrows 
on the hands, Sarcoptic mange is much more amenable than scabies to treat- 
ment with sulphur compounds. 

Treatment and prevention of scabies. — Scabies is unlikely to be spread 
by blankets, but may be passed on in underclothes. Lack of washing facilities 
aid in its dissemination. “ Norwegian scabies ” is a severe type accompanied 
by profuse crusting and pustulation, as is often encountered in lepers. In West 
Africa it is often ^own as “ craw-craw.’* The objection to sulphur ointments, 
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which formerly were extensively used in treatment, is liability to sulphur der- 
matitis, but suipliur lather tablets (18 per cent, sulphur) are an improvement. 
As the lather diies, a tliin filin is deposited over the body. 

Mitigd and Sudentw are less imtating compounds of sulphur which are 
rubbed on the affected areas on three consecutive evenings, and left to dry. 
KatkUlan, a Dani:5h preparation, is active and was used in the British Navy. 
Marcussen's ointment is Ung. pot. polysulph. B.P.C. Proscabin (Kissmeyer, 
1937) and Ascabiol consist of a lotion of equal parts of benzyl benzoate, industrial 
spirit and soft soap. An aqueous solution is found by MoUanby to bo more 
effective, though apt to cause dermatitis. The treatment is effected in forty-five 
minutes, without damage to the skin, and is inexpensive. The whole body is 
anointed with soft soap and the patient soaks in a warm batli ( 100^ P.) for ten 
nrinutes. Using a brush of pigs’ bristles, the body is brushed with U oz. of the 
lotion. A second course is taken next day. The introduction of this method was an 
important advance, pcarticulariy for large numbers ; it is rapid and simple. 
Rotencme lotion (B.D.H.) is the active principle of dorris, and is a non-oily, 
mucilaginous preparation containing 2 per cent, of rotenono. It is applied twice 
daily for two days and is effective in mild cases. Teiraethylthniram mono^sulph ide 
(I.C.I.) in 5 per cent, solution is rubbed over the body, with the exception of the 
face and head, twice daily and does not cause dermatitis. It is cheap, clean 
and effective. The latest method of treatment consists of A per cent, gammexane 
in vanishing cream. One application is said to suffice. 


Demodbx eolliculobum var. Immnis (Simon, 1812) ( Fig. 324) 

This mite is found in sebaceous glands and hair follicles, and is universally 
distributed. Usually it produces no symptoms, but it may give rise to dermatitis, 
and some species in animals to mango. A minute 
degenerate acarid, 0-3-0 4 mm. in length, it is not found 
in infants. Its structure is primitive. The head is 
provided with elongated rostrum. The female lays heart- 
shaped eggs (60-80 p by 40-50 p,), from which hexapod 
larvae develop. All the stages of development are passed 
within the follicles. The mature parasites migrate over 
the skin. To demonstrate them, sebuui, expressed from 
^ j the mouth of the sebaceous glands, or comedones, is 

examined with a drop of xylol. This parasite may give rise 
^ to a chronic dry erythema with follicular scaling. An 

ointment containing bcta-naphthol and sublimed sulphur 
is said to be specific. 

Fig. 324.— Demodea: Pediculoides and UitQS.—Pedicidoides ventneoms, 

foUi£ukrum. x 100, found in cotton and cereals, usually feeds on caterpillars. 

{Ajter urumpt.) and others handling cotton and crops it 

gives rise to dermatitis. The abdomen of the pregnant 
female is swollen with eggs like that of a miniature 
chigger; in it the eggs hatch and the young complete their development. 
Treatment is by carbolic lotion. (See p. 691.) 

Tyroglyphits mites are found in cheese, flour and sugar, and cause copra itch 
or grocer’s itch. The dermatitis may also be partially due to food sensitization. 


LlNGUATULIDiE 

The linguatulids, pentastomes or “ tongue worms,” are degenerate arachnids 
with an simulated body, which gives them a rough resemblance to tape-wonns. 

LiNaTTATXTLA SERBATA (pTohlich, 1789) (Pig. 325) 

This is found in Southern Germany, Switzerland and Brazil. 
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This linguatula (Fig. 325) in its adult state inhabits the nasal cavities of dogs, 
wolves, and foxes ; rarely of sheep or goats. Tlie larvie are met with frequently 
in the mesenteric glands of domestic animals, as well as in rabbits and hares, 
and were found by Zenker in 4*6 per cent, of human livers, but appear to cause 
no symptoms. In Brazil it has been recorded as an intestinal parasite. The 
infection seems to be acquired through eating raw vegetables contaminated by 
nasal secretions of dogs. 

Characters, — The body of the parasite is somewhat pear-shaped, flattened, 
and transversely striated with about 90 rings ; the mouth is roughly quad- 
rangular and surrounded by hooks. The intestine is simple. The male is 
w'bite, 18-20 mm. long, and measures 3 mm. broad anteriorly, 0*5 mm. posteriorly. 
The female, 8-10 cm. in length, is grey, but may be browm w^hen packed with 
eggs ; anteriorly she measures 8-10 mm. broad : posteriorly 2 mm. 

The eggs are ovoid, and 90 [x in length by 70 {x in breadth. They contain ripe 
embryos when deposited by the female, and pass out with nasal mucus to become 



Fig, 325 . — Linguatula serrata. 

(After Brumpt.) 

1 , Larval form (x 6) ; 2, mature form (nat. size). 



Fig, 326 . — Porocephalus armillatus. 
Nat. size. (After Sambon.) 


attached to grass and other herbs ; they are then ingested by the definitive host, 
penetrate the intestinal coats, and enter the viscera, the hver, lung, mesenteric 
glands, kidney, etc. The larva, haviug grown to B-Q mm. in length, encysts, 
and is ingest^ by various carnivora, then escapes from the cyst, falls into the 
peritoneal cavity and even into the intestinal lumen, and in this manner reaches 
the adult stage in the nasal cavities of the same host. 

PoBOCEPHALxrs ABMILLATT7S (Wyman, 1848) 

Synonym, — ArmilUfer amiillatus (Fig. 326). 

P. armillatus occasionally infects humans, especially negroes in CJentral Africa. 
It has been recorded from Java (Salm), Manila, Sumatra, and China. 

Characters. — ^The adult parasite is found in pythons and other snakes ; the 
nymphal form in the lion, mandriU, giraffe and Afidcan hedgehog. The arachnid 
is vermiform, yellowish and translucent. The anterior part is cylindrical, the 
posterior tapering into a blunt-pointed cone. In the male there are 17— in the 
female 18-22 — ^prominent opaque rings (each 1-2 mm.). The male is 3-5 cm. 
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long, the female 9-12 cm. There is no clear separation between the cephalothorax 
and the abdomen. The mouth opening is capped by two prominent papillae on 
the ventral surface, lipped by a chitinous ring. On either side are two protractile 
chitinous rings ; the anus is terminal. I'he genital orifice of tho male lies at 
the anterior end of the abdomen ; that of the female opens in tho middle of the 
ventral surface of the caudal cone. 1'he female is oviparous. The eggs are 
broadly elliptical, double-shelled, and nieaam-e 108 p. by 80 p. 

The nymph lies coiled within the cyst, with its ventral surface corresponding 
to the convexity of the curve. In shape and structure it resembles the adult. 
Calcification may take place in the liver and other organs. 

The life-history of P. armiUatus is similar to that of L. serrata. There is no 
doubt about the gravity of a heavy infection, when the parasites are migrating 
in the intermediary host. Broden and Kodhain have found them in 33 out of 




Fig. 327 . — Tromhicula akamuski : full- 
grown imago. X 36. (After Miza- 
jima and Okumura.) 


Fig. 328.— Larva of Tmnbicula 
akamuski. X 80. {After Hirst, 
“ Jo'um. Economic BioV^) 


133 post-mortems on the Belgian Congo ; a large number were within the lumen 
of the small intestine, and many encysted in the lungs. Manuwa has (1935) 
reported an acute and fatal case in Nigeria. At autopsy numerous nymphs 
were found in radicles of the portal vein and attached to the mesentery. When 
cretified, the parasites may be demonstrated by skiagraphy as in Low’s case 
(1936). Otherwise, diagnosis during life is impossible. In oriental regions 
P. armilhtus is replaced by P. moniliformis, which is also parasitic in 
pythons. It is more slender and has more rings. Two cases of infestation 
with P. crotali of the rattlesnake have been reported in IT.S.A. 

TROMBIBIIDiE 

These are small, orange-red, “ velvet mites,” predaceous on their own kind, 
and on other insects and on plants. The larvae resemble minute larval ticks, 
but bear bristles on their back. The harvest-irdte (Fig. 323), the larva oi 
TromUcfuh autummlis, is small (0*6 mm.), just visible to the naked eye ; it 
hatches out from eggs laid on the ground. These mites are normally parasitic 
on moles and hares ; they live a few days on man, causing intense itching points 
with purpuric blotches. Inunction with dibutyl phthalate (see p. 241) is now 
used as preventive and cure. 
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Eiitromhicula batafas {Tromhidium irritans), the “ chigger mite of America 
is widely distributed, from Long Island and California to Mexico. The larrse 
attach themselves to the skin, but do not burrow in; secondary infection is 
produced hy scratching. Local application of kerosene or 95 per cent, alcohol 
is curative. Dusting the clothes with flowers of sulphur is preventive. In 
Mexico N eosclioengastia nunezi produces an irritating inpetiginous rash. Similar 
mites occur all over the world; the adult stages, known as money spiders,” are 
non-parasitic. Bchongastia indica is the commonest mite parasite of rats of Java 
and it is believed to transmit rickettsise to them. Of medical interest are Trom- 
hicida akamushi, T. scMffneri, T. deli&nsis and T. liirsti, “ Kedani mites,” the 
larval stages {microtromhidium) of W'hich carry rickettsia of scrub typhus ” 
(Figs. 327, 328). The hexapod larvae live on the ears of the field-vole [Microtus) 
and the house-rat of Formosa (i2. rattiis rufescens)^ whilst other rodents may act as 
reservoir’s. The mites attack men working in fields, producing a local necrotic 
ulcer. In Malaya workers engaged in weeding palm plantations: in the Dutch 
East Indies labourers clearing jungle are especially affected. These mites do not 
suck blood, but when firmly attached, inject a digestive fluid which is a pro- 
teolytic ferment. This fluid dissolves the tissues so that the resulting liquid may 
be utihzed. The skin of the host becomes hardened, and a tube (stylostome) is 
formed in which the mite lies and w’here it continues to imbibe the fluid until it 
is replete. Then it retreats and drops to the groimd. The reaction of this 
digestive fluid causes the bite to itch. The tube represents a reaction of the host 
to the secretions of the mite. 

Although T, ahamushi and T. deliensis are the only proved vectors of Rickettsia 
akamusTii some 100 new species have been discovered since 1940. The chief 
reseivoirs of infection of the mite-bome as well as of the tick-bome fevers of the 
typhus group are believed to be these arthropod vectors. The vertebrate hosts 
are now regarded as being merely transitory reservoirs. In Malacca tomb bats, 
Taphozous Tnelanopogon, are found infested with T. deliensis. 

The adult form (Trombicula) lives in soil, and measures 0-9 mm. by 0*5 mm. 
It is pale grey or red, with rudimentary eyes, four pairs of legs, the anterior 
pair stout, situated on the anterior part of the cephalothorax parallel to the 
pedipalps. On the ventral surface are two pairs of suckers close to the genital 
orifice and anus. The Trombicula feed on insect eggs. They deposit their own 
eggs in late spring or early autumn in loose top soil under leaves in damp places. 
The hexapod larvse hatch in three weeks (measuring 0-32-0*43 mm. in length). 
They remain attached to their mammalian host, feeding for 3-4 days. They then 
drop to the ground and in 5—6 days moult and produce an eight-legged nymph. 
The infection of rickettsise by Trombicula may be hereditary. The larva {micro- 
tromhidium, or leptotrombicula) (0-4 mm. by 0-25 mm.) resembles that of the 
harvest mite, with its stout legs, pedipalpi and body, including the legs, covered 
with minute plumose hairs. The cephalothorax bears a conspicuous pair of red 
eyes. The nymph has a peculiar figure-of-eight shape, with abdominal con- 
striction, and measures 0*65 mm. In due season it moults and becomes adult. 
Tetranychus molestissimus is a mite which may cause “ larva migrans {see 
p. 844). This belongs to a group knowm as “ red spiders,” which infest vegetation 
and are well known as the “ Bicho Colorado ” of South America. Persons 
employed in picking hops often complain of the itching produced by it. 

For critioal review of acari as transmitting agents, see S. Finnegan (1946), 
B.M. (Nat. Hist.) Economic Series, No. 16. 

IXODOIDEA (TICES) 

Ticks are cosmopolitan, and important carriers of disease. These large, blood- 
sucking Acarina are larger editions of mites. With the exception of Argas and 
Ornithodorus, they rarely attack man voluntarily in their adult stage. The 
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females are invariably larger than the males. The shell is often highly 
ornamented, and has four pairs of segmented legs, and a single spiracle on each 
side be twee]! the third and fourth legs. The males never gorge themselves on 
blood to the same extent as the females. When they are gorged the posterior 
end expands. Ticks are divided into AEGASiDiE (soft), and Ixodid/Ii] (hard). 
In the former there is no shield, the mouth parts are not visible from above, and 
there are no festoons. AD lay shiny, spherical eggs in enormous numbers — up 
to 5,000. The genital pore is situated in the middle line on the ventral surface, 
not far behind the capitulum. The excretory organs, or Malpighian glands, 
open into the hind gut and the coxal glands, which open on the front coxfe. 
These hatch into hexapod larvae, which become octopod nymphs, three series of 
which usually develop before the adult stage is reached. All arc endowed with 
a phenomenal capacity for fasting— some for 4~5 years. 

Argasidse live apart from thoir host, in buri'ows or (!i*cwices, and have the 
habits of a bug. Adult ixodidse attach themselves to the host, and drop off 
when gorged ; and after fertilization the male dies. In some species— 

— the metamorphosis from larva to nymph, and from nymph to adult takes 
place on the same host ; in others — Hcermphjsalis—ihii tick drops off before 
each moult, to find a new host three times in its life. 

ARGASID^ (SOFT TICKS) 

Genus Ornithodokus contains 20-30 species 
Omitliodoh'us wow&ain (Murray 1877, Fig. 32, facing p. 183) 

This tick is widely distributed in Central Africa. The body is rounded and 
mammillated and the legs tuberculated. The integument is groonish-brown, 
hard and leathery, marked above and below with symmetrically-arranged 
grooves, and numerous hard, shiny trabeculations. The carapace contains no 
“ eyes.” The females (12-14 mm.) are larger than the males (8 mm. by 7 mm.) 
and moult frequently. The habits resemble those of the bed-bug, and it lives 
in native huts, thatched roofs, and cracks in lioors and walls, emerging at 
night to suck the blood of man and beast, and in doing so it injects also an 
anticoagulant and analgesic. 0. mouhaia is found in burrows excavated by 
ant-eaters and occupied by porcupines far from human habitations in Konya and 
there they breed in large numbers (Heisoh). It feeds slowly and cannot abstract 
much blood, except from a sleeping host. It is iiopoitant as a vector of relapsing 
fever {SpirochcBta duitoni). Spirochaetes pass through the gut wall, and small 
infective forms arise in the body cavity and settle in various tissues, especially 
the ovaries, but not in the salivary glands. Spirochaetal infection is transmitted 
in a hereditary manner, and the organisms have been found in the eggs. If 
the tick is allowed to feed for a few minutes, infection is not contracted, but 
fluid which contains the spirochsetes is passed via the anus and coxal glands at 
the base of the second pair of legs, soon after the tick begins to feed. After 
about 10 minutes the whole surface of the tick becomes wot and the organisms 
enter the skin through the bite- wound. Kggs are laid in batches of 60-100 and 
the fertility of the female is favoured by liberal feeding. They hatch in 20 
days and the larval stage is practically absent. On the thirteenth day the egg- 
shell splits, and about the same time the skin of the contained larva splits also, 
and an eight-legged nymph emerges, throwing off simultaneously both egg-shell 
and larval skin. There are several njnnph stages, the largest of which may equal 
the adult in size. 

f 0 . mouhata is common on travel routes . Rest-houses ai*e always most infested, 
and ticks may be carried long distances in mats and bedding. Natives in parts 
of Africa, and the Boers, try to protect themselves by plastering their huts 
with mud and cow-dung and by frequently smoking them. Pyrethrum powder 
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is a valuable preventive. The tick is difficult to dislodge and burning may not 
completely eradicate it. Old camping sites and native houses are to be avoided, 
and Europeans must never sleep on the floor. A specific distinction of this 
species is the senes of toothlike lumps on the protarsus of the first pair of legs. 

In certain parts of Africa, Abyssinia and Somabland 0. mouhaia is overlapped 
by 0. Sdvignyi (Audouin, 1827), which prefers market-places and cattle byres 
in the vicinity of wells. It is distinguished by having e 5 "es, larger processes on 
its legs and more minutely pitted dorsal surface. It can transmit S. cluttoni (in 
the laboratory) but its exact role under natural conditions is doubtful, though 
suspected in Somaliland. It has been reported from Xorthem Xigeria, Egj^t, 
the Sudan, East Africa, India and Arabia. 

0. lahorensis (Newman, 1908), resembles 0. movJbata and has an anterior pro- 
jecting hood. The adult lives in cracks of native houses and walls in Persia and 



Fig. 329 . — Dermacentor andersonif (5. (Nutfall.) 

North India. The nymphal stages are passed on sheep. It is suspected of 
carrying relapsing fever (see p. 188). 

0. tlioloznmi (Birula, 1895), syn. O. papillipes, the “ Persian bug,” is widely 
distributed in Palestine, Persia, India and Turkmenistan. In nature it is 
found in porcupine and jerboa burrows. The male is 4-6 mm. in length, the 
female 8-9 mm. It transmits Spirochaeta persica (see p. 179) and on biting 
injects an analgesic substance. Other species in Asia are 0. asperus and 0. 
tartakowshyi. 

0, talaje (Guerin-Meneville, 1849) resembles 0. venezuelensis, and is found from 
Mexico to Paraguay, also on the Gold Coast. The female measures 5-6 mm. by 
3-4 mm. It transmits S. venezuelensis (see p, 179). 0. turicata is also a vector 
from the same region with similar habits. 

0. venezuelensis (Brumpt, 1921) is related to the foregoing, and found in 
Venezuela and Colombia at the higher altitudes, 3,000-5,000 ft. The female is 
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larger than the male (5-0 inra. by 3-4 miu.). It lives in the walls of jiative huts 
in company with hecl-liuga, and is very voracious. Eggs are laid in batches of 
50-100. Hexajiod larvm, on emerging, feed actively witliin a few hours on 
mammalian blood. The nymphs feed without undergoing eodysis, as in 0. Udaje, 
but thereafter they moult after each feed, becoming adult at the fourth. Tiiis 
tick conveys relapsing fever in the disti-iets in which it occurs. 

0. hmn'si (Wheclei-, Herms and Meyer, 1935) is a small ovoid species, sandy- 
coloured when not engorged. The female (5 nun. by 3d nnn.) resembles the 
male (3*8 mm. by 24 mm.). It dilfers from 0. talaje in minor details and in the 
smaller size of the male. It is found in the burrows of many rodents and in 



Fig. 330 . — Bermaceiitor aml&raoM, 9 . [Nufidl.) 


chipmunk’s nest, at an elevation of 4,(K)0“7,O0U ft. neai' Big Bc^ai' Lake, t8an 
Bernardino County, California. It transmits S, turiraUe in Oalifornia and Nevada, 
though tick-transmitted relapsing fever has now been reported from Coloi-ado, 
California, Texas, Arizona, Nevada, Kansas, Kew Mexico, Washington and 
Montana. 

0. tiiricata (Duges) is closely allied in the foregoing and is found in Mexico, 
Texas, Arizona, and possibly Kansas. Normally it lives on goats, sheep, foxes 
and rabbits. 

0. erraticus (Lucas, 1849), syn. 0. marocamis (Vein, 1919), under natural 
conditions, lives in burrows far from human habitations. In Morocco it inhabits 
piggeries. In Senegal and Dakar it transmits Spirochceta duttoni (syn. S. 
crocidum), and in Spain and Morocco 8. Uspanica^ in the hexapod larval stage, 
(^eep 179.) 

0. normandi (Larousse) is found in Tunisia where it transmits Spirochmta 
noTTmndi, a parasite of gerbils {Meriones shawi). 

Argos p&rsicus (Fisher, 1824) and A. niiniatus (Koch, 1844) are common 
in Northern and Eastern Persia, Syria, Turkestan, Russia, China, Algeria, 
South Africa, North and South America, West Indies, Western Australia and 
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Queensland, attacking poultry and man. They live in old houses, in cracks of 
the walls and floors. Normally they transmit S. gallinarum of fowls and ducks. 

IXODID.K (HARD TICKS) 

There are 12 genera, all parasitic on mammals. They lay eggs in enormous 
numbers, and the larvae wait in herbage for their hosts. The chief are Rhipice- 
plialiis and Dermacentor. The former is usually brownish ^ith an angulated 
basis capituli ; the latter is highly ornamented and the basis rounded. 
Some feed and drop off : others have different hosts (cattle, rabbit, etc.) : 
others, again, have different hosts at different stages. Debility is produced 
by multiple bites and secondary infections. “ Tick paralysis ” (see p. 842) is a 
toxic manifestation from the saliva when the tick has been attached for several 
days in the region of the head and neck. Coma, respiratory paralysis and death 
may ensue. In other cases the hypostome, plunged into the skin, may break 
the capitulum which, being left behind, gives rise to a septic focus. 

Rhipicephalus sanguineus (Latreille, 1804) is a browm cosmopoHtan species in 
the tropics, present throughout all months of the year. It is peculiar to the 
dog, in association with w'hich the whole cycle is completed. Each individual 
normally has three hosts, one for each of the larval, nymphal and adult stages. 
The female engorges wdth blood and then immediately separates from the dog 
and lays 1,000-3,000 brown eggs which hatch at 25® C. ; the larvae attach them- 
selves to a new host. At 15-20® C. they can live three to four months. This 
species transmits the rickettsia of typhus in Texas, South America and South 
Africa, fih^re houtonneuse ” of Marseilles, and also conveys canine ptroplasmosis. 

R. appendiculatus closely resembles the foregoing. The larval forms transmit 
the rickettsia of tick typhus in South Africa. 

H cemaphysalis leachi (Audouin, 1827) does not readily attack man. Its 
larval and nymphal stages are spent on carnivora, quitting the host at each stage. 
It is the active carrier of canine piroplasmosis in South Africa and has been 
incriminated there as a vector of typhus also. 

H. humerosa, an Australian species, has been found by Derrick to transmit 
the rickettsia of Q fever (G. burneti) to man and parasitizes the bandicoot (Isoodon 

torosus). • 1 

Amhlyonima americanum (Linn, 1758), known as the ^ Lone star tick, 
from the bright spot on the carapace of the female, is important as the 
vector of Rocky Mountain and BuUis ” fever in Texas, where it is abundant. 
Recently the pocket-gopher (a small rodent) which is parasitized by this tick 
has been found to constitute the reservoir of Rickettsia rickettsii, Found through- 
out North America and Brazil, it infests dogs, cattle and fowls. The larvsa 
frequently attack man and live in scrub and high grass (p. 383). 

A. hebreeurn (Koch), an African species, is widely distributed on lizards and 
birds, and occasionally attacks man. It has three hosts of the same species. 
The female may lay as many as 20,000 eggs and transmit the rickettsia of tick- 

bite ” fever in South Africa. * . m i. 

A. cajennense (Koch, 1844) is a large tick found in Amenca from lexas to 
the Argentine. The males are adorned with a carapace of silvery design. The 
natural host is the peccary. It transmits the rickettsia of typhus in k,ao Fauio, 
and, under laboratory conditions, that of Rocky Alountain ^ 

Dermacentor andersoni (Stiles, 1908), syn. D. venustus (Ba^, 1897), is an 
important carrier of Rooky Mountain fever in the Western Umted States, where 
it is known as the wood-tick. Primarily a rodent infection probably tos is 
normally maintained by EcBmaphy sails, but rodents are also attacked by 
Derrmcentor, so the infection “ overflows ” to man as in parallel cases of munne 
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typhus. 'Tulai’amiia (p. SH-l) is also occasionally transmitted. Abundant in the 
Rockv Mountains the adults a])i)car during the summer, parasitic on horses, big 
c:ame"and other \vild animals, and frequently on man (Eigs. 32i), 330), larvae 
and nymphs occur on small rodents and ground squirrels. The female, when 
eivmrged, deposits 5,000-7,000 eggs four to six days after quitting the host. 
Helicapod larvai appear on the sixteenth day and in two to eight days engorge. 
After the larva has fallen to the ground and moulted, the nymy)h prudiiecd can 
survive for 300 days and, after itself feeding, falls to the ground and moults. 



{After ]VhiUi7i{fhmn., “ Brit. Med. Joimi.'') 

1. Fully developed male iimitfo. Hairy winfjrs ; /», anliOiinaj ; r, labial psiips ; d,e.yo\ haltorcn ; 

/, claHpors ; gotiilul spiuoR. 

2. Fully developed fcnmlo iinaf?o. Body luiira arraiiRod in tiiftH; abilonuni («) siiimllc-Rhapea ; 

//, ovipositoi'H ; c, proboscis. 

Fully developed males and females can fast two years. After attaching them- 
selves to a mammalian host they copulate in four days. The males remain 
attached, the females fall to the gi’ound and deposit tlioir eggs. Under natural 
conditions the cycle takes two years. 

D. variahiUs (Say, 1821), the dog-tick, is widely distributed in North America, 
most abundantly on the Atlantic coast. In its immature stages it foods on small 
rodents, especially mice ; the adults attack dogs and other large animals. It 
resembles the foregoing. It is the principal vector of spotted fever (typhus) in 
Central and Eastern United States {see p. 242) and may cause paralysis in dogs. 
Arsenical dipping of sheep and goats acts as a control, whilst the rodents should 
be killed off. 

losodophagus is a small wasp parasite of ticks found in Europe and introduced 
into America to combat dennacentor. 

A vaccine made hy grinding up infected ticks {D. variobilis and andersoni) 
was once employed as a prophylactic against Ilocky Mountain spotted fever. 
It protects for about one year. 

INSECTA 

PSYOHOPIDiB 

Gbn-iis Phlebotombs (sandflies) (Figs. 331, 332) 

Phlebotomi, of which a large number are known, are minute, hairy flies (1*5 
to 2-6 mm.) which are readily recognized. The females only suck blood. The 
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males suck up moisture from any available source. In some people the bites 
cause local disturbance; in others, none. Sandflies carry sandfly fever (p. 386) 
oriental sore, espundia and kala-azar (pp. 162, 173, 143)''. 

P. verrucarum and also P . noguchii (Shannon) transmit Bartonella hacilUformis 
o roya fever (Townsend), and have a wide distribution. P. papatasii, which ex- 
tends north to Paris and transmits sandfly fever, is widespread through Southern 
torope, North and East Afnca, Java and India. The body is co veered with 
long bans, the counterpart of scales. The antennse have sixteen joints ; the 
proboscis IS short and contains the piercing organs. The wings are hairy, pointed 
and folded roof-wise on the back ; venation is distinctly seen on remoVal of the 
scales ; the legs are long and slender. The abdomen of the female is spindle- 
shaped and provided with small claspers, but the male has two pairs of appendages 
^ the upper and lower claspers — and various other structures known as the 
intromittent organ, the submedian lamellae, and the intermediate appendages. 


Fig, 332. — Life-history of Phhhotonius pajpatasii. 

{After Whittingham, Brit Med. J.) 

1. Fertilized egp, seven days after oviposition. x 80. 

2. First stage of larval life, two days old. a. Head with Y-shaped mark and egg-tooth : J, caudal 

bristles, x 40. 

3. Third stage of larval life (dorsal view), thirteen days old. a. Caudal bristles ; &, last segment : 

c, antennae, x 20. 

4. Fourth stage, twenty-two days old. a. Last segment ; &, caudal bristles ; c, mandibles ; d, labial 

plate ; e, body hairs ; /, false legs, x 20. 

Whilst feeding, sandflies are easily disturbed. The stout rostrum is thrust 
downwards whilst the maxillary palpi diverge and within a minute blood enters 
the stomach. Sandflies are abundant in the drier portions of the tropics and 
subtropics, but occur also in wet parts. They fly by night, and shelter in dark 
corners during the day. The flight is feeble, more like a hop than flight. Their 
range is usually not more than fifty yards from the breeding places, and they do 
not rise far above ground level. The maximal vertical distance is 70 feet. Many 
species do not attack man, but feed normally on the blood of animals such as field 
mice, even lizards. In the hot deserts of Central Asia sandflies are common in the 
burrows of gerbUs, ground squirrels and tortoises, as well as those of wolves, 
jackals and foxes. The sandflies are abundant in April and the early part of May 
but are not seen again till next spring (Petrischeva). 

Life-history.— Considerable moisture is necessary to induce oviposition. 
The eggs (0*385 by 0*12 mm.), laid singly, are black, like those of Aedes, and 
reticulated. They are laid amongst rubble in caves or in cracks of masonry. 
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The breeding plaeea vai*y in different parts of the world : in Peru, rubhlo and 
loose earth ; in Figy])t, damp cracks in sand, and in India P. (irgentipcs })reeds 
ill broken patches in ])avcd doors, where tlic soil is eoiitamiuatcd by the feces 
of fowls and goats. Wben organic matter is pn^sent, tlio eggs hatch in six to 
nine days into tw'clvc -segmented catcrpillar-Ukc larvm wilk long dorsal bristles 
on the terminal segment (l^Tg. 332). Kach hears a number of spines arranged in 
a transverse row, and the larva progresses by slow, uiidulatory movements, 
feeding on decaying nitrogenous material, moulds, dejec-ta of lixards and the 
bodies of defunct parent flics. The duration of the larval stages varies up to 
four weeks. There are four distinct stages witli a complete moult between each 
(Wliittingham). According to Roubaud, sandllics are hetcrodynamic, and do 
not all develop in same manner, so that some individuals remain as larvai for 
considerable periods and hibernation takes place in tho larval state. Moisture 
is necessary ; in deserts it is probably obtained from water of condensation. 
'Phe pupa stage lasts about nine days. It is ochrcous-bulF and has thoracic 
appendages free from the body. The integument is covered with minute squamos, 
and there are small spines on the sides of the thorax and abdomen. The imago 
hatches out in the early hours of tho morning when atmospheric humidity is 
high. Adults are crepuscular, nocturnal and acti vc on warm stil 1 iught.s, repelled 
hy sunlight hut attracted by artificial light, but some sandtlioH h'cd voraciously 
during the daytime. 

The incidence of P. papatasii in Mediiorranoau sandfly fever is definitely 
related to the number of breeding places. The vims can l)o trausmiti.ed by the 
bite of the progeny of infected flies, which is probably due to tho larvic eating the 
bodies and ffecos of adults. In Algeria it is common in autumn ; oricnlal sores 
occur about six weeks later. In India P. m'genti transmits tropica 

and P. argentipes transmits L. do7ioimii (for proof, .see p. 14-7). In kala-azar 
epidemics in Bengal, 1920-30, tho ineidcuco was always groaiost in those living 
on ground floors, thus ooiTesj)on(iing to the habits of ilio sandfly. 

In China there is agreement betwoon kala-azar, P. major and P. chimnsu and 
in Italy between this disease and P. ptir}iiciom8 (00*8 per cent, of which became 
infected after feeding on infected hamsters). 

The following is a brief description of some better known spetnos : — 

P. argentipes , — Dark brown, medium-sized, 2 -3-2 -8 mm. long. On the thorax 
the dorsum is black, sides light yellow. The wings are broader than in most 
species. The tarsi are white. Not found outside India it is most prevalent in 
Bengal and Assam during and after tho monsoon. 

P. major var. chinensis . — Colour vanahle, dull greyish to bright yellow'. The 
abdominal hairs are more or less erect dorsally and arc of a uniform golden grey. 
The disc of the wings has a bluish iridcsconco. d^ho eyes are black and the legs 
darker than the abdomen, which is clothed with long rcouinbeiit hairs and has 
tufts of longer upright ones on the dorsal surfaces. 

P. perniciosus . — ^The thorax may have dull rod-brown spots which are arranged 
in a triangle. Occasionally a similar spot is present on the vertex of tho head. 
The eyes are black, the thorax and coxsc pale, translucent anti ochreous. Tho 
abdomen is similar and sometimes a pale smoky grey, and tho hairs are pallid ; 
the wings iridescent in a strong light with a distin ot metallic lustre. The abdomen 
is densely hairy, the largest arising from tho apical ma.rgin of the segment, but 
no distinct tufts as in P. papatasii. 

Repellents. — ^Paraffin is effective, and oil of citronella is widely used. “ Flit 
and “Parquit” are pleasant and effleiont if rubbed into the skin. Dibutyl- 
phthakte and DDT are now being employed (see p. 864). 8andfly nets are 
provided for troops. 
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The control of sandflies involves removal of rubble, provision of suitable houses 
and repair of masonr3’'. 

For preservation the insects should be placed in a web-like layer of teased 
cotton- wool, but must not be covered up. 



Fig. 333. — Female mosquito, to show anatomy. 


CULICIDi® (MOSQUITOES) 

Mosquitoes are not confined to tropical regions ,* many species (including 
anopheles) are found even within the Arctic circle. The adult insects feed on 
vegetable juices ; the males almost exclusively. The females of most species 
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suck the lilood of mammals and birds. Many act as carriers of disease (Fig. 
333). They lay eggs singly, in groups, or in boat-shaped masses. Hatching 
out depends upoii temperature. In some species the eggs remain dormant 
throughout the Avinter, or in drought. Tn ordinary circumstances the larvae 



Fig. 334.— Heads of Culicini. Fig. 335.— Heads of Anophelini. 


a, Male ; 6, female. fl, Male ; &, female. 

batch out in two or three days, then feed upon organic matter suspended in 
water. They breathe in air through the respiratory siphon situated near their 
tails. The larval stage lasts from six days to several weeks, usually ten days. 
The final is the fourth. 

The pupa is free and active for 2-4 days. It rests on the surface and an 
air-film develops around it. When it is swallowed this film expands and splits 



Fig. 336.— Mouth-parts of female mosquito. 

a, a, Antenuce ; 6, palpi ; c, labmra-epipharynx ; d, d, mandibles ; e, bypopbaiym ; 

/, /, maxillro ; ff, labium ; 7?, labelln. 

the pupal case. When more air is swallowed, the mosquito works its way out. 
The abdomen is contracted, and blood is forced into the wings, w'hich then expand. 
The mosquito rests J-J hour on its pupa case until its wings and body have 
hardened. 
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In Europe the whole process from egg to imago occupies about one month, 
l^ut in the tropics seven to ten days. During colder weather development of 
the larva is temporarily suspended and the surviving adults, especially females, 
hibernate in dark and sheltered places. In this manner the species is carried 
over the winter. In some varieties there is evidence that hibernation is carried 
out in the egg and larval stages. The life of an adult mosquito is variable, but 
some species, if supphed vith suitable food, can live for several months. 

Although most mosquitoes are singularly local, yet migrations are occasionally 
observed, and the insects are often transported great distances in ships, railway 
carriages or air planes, and widely diffused. One or two species in most genera 
are domestic in anopheles, culex, theobaldia, etc. There are over a hundred 
species of Aedes and of these three only are domestic : others are jungle-dwellers. 
The majority are nocturnal. 

Identification is necessary to recognize the structures bj' which they are 
classified. There are three recognizable divisions : head, thorax and abdomen. 
(Fig. 333). The head is rounded and attached to the thorax by a slender neck. 


,c 



Fig, 337. — Section of mosquito’s proboscis. 

(Adajpted from Nuttall and SJii^phy,) 

f, Labmm-epiphaiyiix ; d, mandible ; e, hypophaiyns ; /, maxillae ; g, labium ; t, sallTary duct ; 
muscles ; trachea. 

It is provided with large eyes, antennae and mouth parts. The antennae (Figs. 
334, 335) are composed of fifteen segments. Each bears a whorl of hairs in 
the female, but in the male the hairs are profuse, giving a bristly appearance. 
The mouth parts consist of a proboscis in the female fitted for piercing and 
sucking. Externally, a chitinized labium (Fig. 334) encloses the other mouth 
parts, except the maxiUary palpi, and ends distally in two pointed labeUae clothed 
with scales and hairs. The labrum is a hollow cylindrical tube with a narrow 
opening on the ventral surface. In the act of biting, the labellse part and are 
applied to the surface of the skin, forming a sheath for the delicate piercing 
organs, and do not enter the wound made for obtaining blood. Within is the 
labrum-epipharynx, composed of two thin chitinous lamellae imposed on each 
other, forming a V-shaped channel which is open on the ventral surface. This 
extends along the whole length of the labium and ends in a sharp point. Ljdng 
directly beneath the labrum-epipharynx, closing the ventral slit, is the hypo- 
pharynx, consisting of a thin, chitinous lameUa, fitting closely to the ventral 
surfOiCe of the labrum-epipharynx, thus forming a tube through which blood 
is sucked. In the longitudinal chitinous thickening runs a very fine channel 
extending from base to tip of the hypopharynx ; through this the salivary 
secretion is poured into the wound (Fig. 337). The mandibles are delicate 
chitinous structures at the side of the hypopharynx. The labium buckles in 
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the act of biting, and the mouth parts cuiorgo. Ifach of those tapers sliglitly 
towards the tip, eadiog in a sharp point. The inaxilhn are more robustly 
constructed, but have tl'ie same general form, the tip is generally provided with 
a row of backward projeeding teeth. J’he maxillary pal]n consist of three to 
five segments. In the male the moiitli p)arts are greatly niodilied and not adapted 
for piercing. The maxillary palpi are elongated, extending beyond tlic tip of 
the proboscis, but the mandibles and niaxilhe arc greatly reduced and may be 
lacking altogether. 



Fig. 338. — Wing of Gulex (male), to illustrate lerininology. 

rt, auvihiiiy vein ; r, costa ; 1-n, first to sixth lonsituiliniil voiiis iiiiil bmiiclios ; 7, soviMitU or talse 
(iiMRcaleil) lons^ituiliual vein ; li, Immoral transvoi'Ro vom ; w, miildli* tniiisvm’si* \cm; /j, poslrrior 
traiism-sc vein ; supcrimtiu'rary transvorso vein ; .1, costal ci'lls ; />‘, snlicosUil <‘(‘lls; f', niarfririal 
(*olls ; yj, aiitorioi' fork coll or first siibtnaruliial coll ; /i', kih'oihI siibiiiari'iiinl (’(‘11 ; />', lirst postenor 
coll ; f?, liimlcr fork or aci'ond postc’rinr coll ; /, lirst basal c(*ll ; ./, w'coiid bnwil cell ; A’, imul r(dl ; 
L, axillary coll ; J/, simrious coll ; VI, unsealed vein bidAvocii fiftli and si\l.h loiimtiidiiial veins. 


In the female anopheles the palpi arc as long as the pTo]>oHcis and usually 
closely applied, but in the male this feature is not nearly so inarkod. In both 
male anophelino and culicine mosquitoes the ])alpi arc as long as i»ho proboscis. 
The palpi of the male cnlicines arc bushy, and the two b^rniinal joints tend to 
turn uiDwards ; those of the male anopheles are. rather e,lid)-shafi(Hl. 

The thorax is wedged-shaped : the sides form the idiuira, whilst tlu^. a]K'X boars 
the legs, and spiracles which are prominent black-rimmed apertures. The 
various sclcrites composing the side of the tliorax b(‘ar still so.tie or hairs, arranged 
in definite groups. The soutclluin is separated by a transvewso suture from the 
mesonotuni. In all genera, except anopheles, it is trilobate, arul each lobe l)oar8 
a group of stiff setaa. In anopheles the scutellum is arcuate. 'Idle region behind 


Malpighian Tubes 

Ptipillary 
glands 

^nus 
Hindgut 


„ , Aorta Midqui commences 

Heart j V 



■Oesophageal value 
■Dorsal reservoirs 

Phorgnx 
-Buccal cavity 


Midgut ends Sativorg glands 'Balduct 

Fig. 339. — Longitudinal section ol female mosquito to show anatomy. 


the scutellum is known as postnotum and is generally nude. The wings are 
long and narrow ; venation-bearing scales arc characteristic (Tig. 336). Situated 
immediately posterior to the base of the wings is a pair of lialteros or balaucorB, 
which are sense organs connected with flight. 

Tlie legs are long and slender, composed of coxa, trochanter, femur and tibia, 
and a tarsus of fi,ve joints, the last of which is long and slender, especially in 
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the hind legs. The last tarsal joint bears a pair of claws (pulvilli), which vary 
greatly in size and shape, but those of the hind legs are generally smaller than 
those of otliers. The abdomen is nearly cylindrical, narrow and elongated, 
consisting of eleven segments. The first eight are quite similar, but the terminal 
segments are modified for sexual purposes. The terminal segment in the female 
is pomtod. The ninth is reduced, and in the intersegmental area between it 
and the eighth lies the opening of the reproductive organs. The tenth segment 
is greatly reduced and bears the basal lobes (cerci) and anal opening. The 
abdomen of the male is frequently longer than that of the female. The terminal 
segments are greatly modified and bear clasping organs. In the male the seventh 
and eighth segments undergo torsion through an are of 180^ after emergence from 
the pupa, with the result that the eighth tergite and those distal to it become 
ventrally situated, and the sternite dorsal. 








1. Melanoon S.Messeae 3 Typhus 4- Atroparvus 5 Ldbranchiae 6 Sachasovi 
Fig. 340. — Eggs of different species of Anopheles maculipennis, (d fter J. F. Marshall,) 


The foregut and midgut are ectodermal, lined with chitin, continuous with 
the cuticle. Columnar epithelium lines the midgut. The entrance of the five 
Malpighian tubes marks the junction of hind and midguts. There are three 
salivary glands on each side. Various diverticula branch off from the gut (see 
Fig. 339). 

Dissection of mosquito. — After chloroforming, the insect is placed on a 
slide in a drop of saline ; the wings and legs are cut off. For dissection of the 
salivary glands one needle is applied behind the head and a second held 
horizontally on the thorax. The head is puUed forward, dragging out the 
salivary glands : this movement should be done in stages, with frequent jerks. 
Next the head is removed from the glands and the preparation covered with a 
coverslip. Examined under -Jrth lens, refractile sporozoites can be seen in a 
malaria infected anopheles. For dissection of the gut, the rectum is pressed up 
and down with pointed needle and then the body is cut through near the ter- 
mination of the rectum. Gentle traction draws out the rectum and gut in a 
series of jerks. These are covered with a coverslip and examined. The tracery 
of fine black lines over the stomach denotes the tracheae, and this feature can be 
used for focusing down with Jth lens in order to demonstrate malarial oocysts. 

CLASSmCATION 

There are 1,600 species of mosquitoes in the world, divided into sub-families. 

1. MegarhinuSy in which the basal half of the proboscis is rigid and the distal 
half flexible. The adults feed on flowers, whilst the larvae are predaceous. 
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2. Culex, ill wiiicli blio piilpi ol' Uio Irmale art* loss than lialf as long as the 
proboscis, tlic sciifcollimi is trilobncl and oggs aio laid iii lalts, 

3. Aides, in vvliicli the palpi and tiilolied snuiolhiin ari' as in (2), the ahdoiuen 
of the female is pointed, and the eggs arc laid singly. 

4. Mai}Sonut, in uhich there are broad asyinim^ti’ieal wing scales, and the 
first setm arc absent on the iqiper side of the wing vein. The larvie have a 
specialized rcspii’atory syjihon. 


Pamilv Anovurlini : ((Jeniis aiiophelcH) 

The palpi in both sexes as long, or nearly as long, as the proboscis. The 
scutolluin is rounded, without lobes, and the eggs are laid singly. 



Fig, 341.— Larva of AnopIiHes ^(wdhpentiis Meigen, showiii}? breathing position at 
surface of water. {Afler Iloioard, “ Bull. United H tales Dept. /If/r.”) 



Fig. 342.— Larva of Amtphdes maculipmuk to show feeding position. 

[Aftvx J. h\ Uiinlmll.) 

An, antcniia; a.tf., aniil gills; hr., mouili bnish ; li, h, liookod (Rraimon hiiirs ; n. o., noldioil 
orppxn; p.h., iialinato (Ilout) bHir.s ; s.i»., KpiracloK ; Th., thorax; w.s., wuUt surfiico ; H Hg., Sfch 
abdoiuuial segment. 


Anophelini were divided by Edwards into ihreo genera : Ohagasia (soutollum 
slightly trilobed), Bironella (scutolluni evenly rounded, wing with stem of median 
fork wavy) and Anopheles (sciitollum ovoiily rounded, wing with stein of median 
fork straight). The genus includes 100 spoeies. The coinnionor kinds, whilst 
resting, hold the proboscis, head and abdomen nearly in a straight lino, and 
give the appearance of a splinter lifted at an angle from a surface ; exceptionally, 
as in A. culieijaem, the resting position adopted is more culox«likc (Tig. 304). 
Usually the hum produced by those mosquitoes is low-pitohcd, almost inaudible 
unless close to the ear. Most of them are nob strong fliers, and seek cover, 
even in a moderate breeze, yet dispersal flights may carry individuals ten or 
more miles from their breeding places. The flight range is 2-2-7 miles. 

Fertilization of the female takes place directly upon emorgoiico from the pupa. 
The males emerge first, and swarm over the breeding places awaiting the females ; 
when the insects dart into a dancing mass, mating ooours. Most species require 
wide s;^ces for mating, rendering it difficult to propagate them in captivity. 
Over-wintering females are fertilized by the last brood of the males during 
autumn ; the eggs are deposited soon after the spring dispersal flight. The 
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bc^t-shaped eggs (Pig. 340), with rare exception, having an investing membrane 
inflated lateraUy to form a pair of floats. They are laid singly on the surface 
o e TV ater and hatch in two to three days. The larva during growth undergoes 
tour moults. 1 he cuticle is laid down by a single layer of epidermal ceils, which 
torni a new and folded cuticle, the larva inflating itself by swallowing water 
before the new cuticle hardens. The larva feeds on small suspended particles 
swept into its mouth by two feeding brushes which can be folded under its head. 
VVhen anopheles larv^ lie on the surface, the dorsal aspect of the thorax and 
abdomen faces upwards, but the head is rotated 180° so that its ventral surface 
es upwards (Fig. 342). Food consists of living organisms, bacteria and protozoa 
obtamed beneath the surface. The head of the larva is complex : the central 
portion IS Icnown as the clypeus, the anterior plaque as the preclypeus. It has 
a pair of short antennse, eyes, a pair of feeding brushes, and preelypeal and 
clypeal hairs. The respiratory opening is composed of tw laterailvpkced 
(Fi^ 34^ abdominai segment. There is no respiratory syphon. 



Fig. 343. — Pupa of Anopheles macidipennis. {After Marshall.) 

E, eye ; P, paddle ; P.E., pupal eye ; P.h., paddle hair ; A.p.h., accessory paddle hair; E.T., respiratory 
trumpet ; T, trachea leading to anterior thoracic spiracle. 

The larva maintains itself on the surface in a horizontal position by a row 
of dorso-abdominal plaques, palmate hairs and a series of scales in rosette form 
on its back. The terminal segment is provided with four anal papiUse (giUs), 
dorsal and ventral, and swimming brushes (Fig. 344). The giUs have no 
respiratory function, but take up chlorides from the water. The eighth segment 
is adorned with a chitinous comb. Tracheae run the length of the body with 
branches extending to all regions. Small glands secrete a waxy substance near 
the spiracles, which therefore cannot be wetted. (It is important to note this 
fact in oiling water to kill larvae.) Respiration also takes place through the 
cuticle, but the oxygen intake from the water is not sufiSeient to maintain life, 
except when the temperature is low and metabolism is reduced. The pupse 
are distinguished by the shape of the respiratory trumpets and by the presence 
of a paddle hair (Fig. 345). 

Only the adult females are able to suck blood, but they do also feed on fruit 
juices in late summer when the grapes are ripe. The males feed on flower and 
fruit juices. The females can survive, but cannot lay eggs, on a diet of vegetable 
juices ; this function needs a rich protein meal, and they usually suck blood at 
night, but times vary with the species, and in dark rooms they may feed during 
the daytime. 



1026 


MEDICAL ENTOMOLOGY 


The oaiKibilitioR of any partinilar of 

aiioplielos to traiiwnut malaria aro regulated 
by a luiniber ef faii.ors, surb a« the numbers 
]MVseiils wlieilier tlir paivisites of malaria can 
eoin])Ieti‘ ih(‘ir (l(‘velopmeni in the nu)squito, 
antlir 0 ])O])hili.sin (readiuesfl to feed in nature 
on human blood), and whtdlior the insects 
feed in the jungle or i*eadily cTiter liouses. 
Some Rimedes prefer swamps when breeding. 
The torni “ zoophilisin ” is cm ployed when the 
insect is deviated l)y animals, i.e., cattle, as 
habitually happens with races of .*1. ruaciili’ 
prnvh. 'f'he nature of the vegetable food of 
the female^ is ijujmrtant, as some substances 
interfere with development of the malaria 
))araHite. A speeies proved to he a natural 
carrier in on(‘ Hituation does not necessarily 
]>lay an important part so mo where else, o.g., 
A. acmiit'us in da,va. In North Anieric,a A. 
crucians is found to he a,n t'llicient carrier 
when hred in lu'ackisi) wa,ter. Again, A. 
mhpiclus {rossii), as a rule, [)lays little or 
no part in tli<^ transmission of malaria in 
India, but. yet during an (^pivlemic it may he 
found infected up to S*() p(‘r cent, in dava. 

There is a striking correlation between the incid<ui(i(^ of inahiria a.n<i of ano})hele 3 
as seen in the case of yl. fundnhikis which oi’.cnrs on some islands in the 8outh 
Pacific, but not on oihora. Wheu’O this si)eeieK oeenrs tli(U*<‘, is malaria, ; where 
it docs not, there is none. Nomenclature is a. v(^\(‘d (pn^stiou. A great many 
s]jecies have boon renamed in I’ecent years. In ease' of doubt rec-ourse should 
be Index Jnscclorum and the momimentn,! publiimtions of the British 

Museum by Edwards. Por oxainple, Anopheles rossif\ one of tludirsi A nopheles 
to be described and expejimented upon by 11, 1‘oss, is now Ibiind t.o the same 
as A. subpictus. 

In making a malaria survci/ all adult female anophelinos in and around the 
house should he collected and dissciitod to find t)ut whiidi specitvs is infected. 
It is necessary to dissect several hundred insetsts and to tixainiiie thci gut- and 
salivarj’- glands. An infc<ition rate of 5 7 )or cent, is usually heavv, though liigher 
rates are recorded in Africa. Adults and larvje should Ik^ identilh^d to ciet-cTniine 
dangerous carriers. The locality should he studied for at least a complete year. 
Seasonal transmission is important : one species may he reBponsible in spring 
and another during the autumn. 

Identification of the many diverse species of anopheles is sjjecialized work. 
The following points are of sjiccific iraportaneo : size, general colouration, colour 
of frontal tuft on the head (yellow or white), and character of the scales. (Fig. 
345.) The distal half of the proboscis may he pale, the ]>alpi may Ixj smooth 
or shaggy, depending on the scales. Tlio markings (banding) on palpi may be 
entirely dark or there may bo pale bauds. I’ho general oolonration of the thorax 
and scales on the mesonotum is helpful. The scales on the wings may be entirely 
dark, or may have four pale areas. The third vein may ho entirely dark or 
pale. Pale spots may be present on the fringe opposite the various veins. 
Speckling, or handing, of the legs is an important point, and the presence or 
absence of lateral tufts or buttons of the largo scalo.s on the abdomen (Fig. 346). 
In scientific entomology, larval characters of the last stage, or fourtli instar, are 


Mo.a 

tm n./ . 

\ Notched 

Thorajd- '' ' ^ 



Fig. 344. — Larva of Anopheliiie 

(A. maculipemiis) from above. 
{Aficr MarshulL) 

Tlic ahnl scijmciiit is twiatod muiul fsoaa to 
tlisplay tlu' Um'SJil auU ventral bruHlios*. 
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important as a basis of classification. These features are too intricate to be 
detailed here (see J. Smart, ‘‘ Insects of Medical Importance " ; British Museum 
Publications). 



m 


Fig. 345.-— Graphic key to distinctions based on scale characters. 

a, ft, r, Narrow curved scales ; d, e, f, hair-liie curved scales ; g, //, upright forked scales : i, 7, long, 
twisted scales ; A% large lanceolate scale : Z, w, small narrow lanceolate scales ; large expanded 
scale ; 0, /), spiiiLlle-sbaped scale ; g, broad flat scales ; r, s, broad irregular scales. 




Fig. 346. — Various types of “ scale vestiture,” 

(Such scale characters are now regarded as specific and not of generic importance.) 

a, Anopheles, bead, scutellum, and lateral view of head scales ; 5 , (Stegornijia) oegypti, bead 

scutellum, and lateral "view of bead scales. 

d, Megarhirms, head, scutellum, and lateral view of head scales ; e, Culex, head, scuteilum, and lateral 

view of head scales. 


A. maculipennis (Fig. 347) has a world- wide distribution as the most important 
carrier of malaria. It is nocturnal in habits and is most active between midnight 
and 2 a.m. It indulges in a marriage flight and a constant change of resting 
place appears indispensible to its existence, so that the anopheline population 
may become entirely changed within a few days. 
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Hackctt and Missiroli showed that A. nincidipennis is not a homoj^encous 
species, but a collection of w idesproad varieties whicli may jwssibly represent 
species. Those geiioi'all\- ac*c(‘]jted arc : 

j4. 'nidC'ulipciniiSf Meigen, or tjipicva^ which lays eggs with two sim])le bars ; 

A. w. 7)iesse(i\ Fallcroni, wliLch lays dark 
barred eggs ; A. m. mehtnnnu tiackett, whicli 
lays nnifornily lilack eggs ; A. m. alwparviis, 
Van Thiel, which lays a dark grey and 
dappled egg; .4. w. lahranchirr, Talleroni, 
which lays a light grey and dappled egg; 
and d. •//?.. tidcharovi (or eliduM), Edwards, 
which lays a iinifonniy gny egg (Fig. 340). 

These varieties arc ideiitilicd by tbo 
niarlvings of the eggs and character of tho 
floats, by the larval hairs, and by the external 
harpaginal spine of tho adult male. Authori- 
ties are of the opinion that the egg-types 
provide a satisfactory method oi’ dividing 
A. mtenUpetmw (Eig. 347), but Ungureanu 
and tShutc have demonstrated that the adults 
can he distinguished from one an(;thcr by the 
different shapes of the wing scales. In a/ro- 
parvns tlie scales are sliMider and taper 
gradually towards the tij); in vt(>sm(v they are 
wider and tajier acutely ; in tt/pim tho scales 
aio wider au<l taper h^ss acaitcly than in 
messece, but more acutely than in airoparmis ; in xmcluimvi the scales arc widest 
in the centre and taper gradually. 

A. tmcidipennis ti/picus has not been found in England, but in NtJi-way, tho 
Black Forest and the Ifartz Mountains ; mcamr. in the fresh waters of Enroj)c, 
its southerly range luang Italy and the Balkans ; wHanoon favours tho liee- 
fields of North Italy and South-East Spain ; atropanuis is a salt-water breeder 
on the North Coasts of Europe ; aaohawvi (elutm) replaces atropnrvn,^ in the 
south; Zaftranc/itce takes tho place of atroparvus in North Italy and is tho 
dominating variety in the Campagna. Atropamds and mcsxmv arc tho only two 
varieties found in England. 

The subdivisions of A. maculipennis arc supported by biological dinbronccs 
in breeding-places, sexual behaviour, and habits, Airoparvua breeds in salt 
water: messece in fresh. Atroparvus does not go into comploto hibernation. 
All varieties are equally susceptible to malarial infection, and although some 
prefer to feed on animals, there is never any insurmountablo barrier. In almost 
the whole of northern Europe A. maculipennis lives on domcstici animals, and 
man is protected from malaria by the deviation of anopheles by animals. In 
the malarious regions of southern Europe maculipennis bites man persistently. 
The principal reason for differences in behaviour in the north and south, is that 
the anopheles population of tho latter region consists of varieties— -Za&mMc/iicc 
and sacharovi—vAAch. feed upon man. The races typicus and melanoon are rarely 
associated with malaria. Messeoe is deviated by animals and goes completely 
into hibernation in winter. A. occidentalism Dyer and Knab, is identical with 
A. maculipennis m and has the same biological varieties. It occurs along the 
northern borders of the United States, and in southern Canada, dipping in a 
southerly direction along the Pacific coast into Mexico, where it is now known 
as A. maculipennis, var. freebornL 



Fig. 3 47 . — A nophelcs maculipennis, 

female. ^ 


1 A. raagnifyiQg glass is necessary for idenfclOcation from those drawings. 
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Sinton and Shute, in a report upon the longevity of mosquitoes in relation 
to the transmission of malaria in nature, obtained no evidence that, among 
healthy specimens of ^4. maculipennis, var. atroparvus infected ’with Plasmodium 
vivax and kept under conditions favourable to longevity, there is any noteworthy 
decrease in life as the result of the plasmodial infection. 

Although available evidence adds little support to the suggestion that plas- 
modial infections may be a serious cause of mortality amongst anopheline 
mosquitoes in nature, especially A. maculipennis , var. atroparvus, it does not 
offer any satisfactory explanation of the reason why some anophelines are 
important as malaria -carriers under natural conditions, while others are not. 




X 6 X 6 

A.gambioe (A. costalis) (Fig. 348) is the most widespread and dangerous malaria- 
carrier in Africa. Recently it has extended its range northwards into Upper 
Egypt. In 1930 it was introduced from Senegal into Natal (Brazil), spreading 
with great rapidity and concurrently with epidemic subtertian malaria, but it 
has now been exterminated (1942).^ It breeds in almost any collection of 
water, if fully exposed to the sun, such as wayside puddles, borrow pits, wells, 
flood-water, pools in river beds, slightly brackish or muddy, as well as clear 
water. In Somaliland during the dry season it aestivates in deep weUs, thus 
accounting for its apparent absence. Normally it does not breed in rivers except 
when they are partially dried. It is domestic in habits, and bites man readily. 
Another allied species, A. melas, described by Thompson and established as a 
species by Ribbands, is a salt-water breeder (46 per cent, sea- water) and is 
co-extensive with the Avicennia mangrove. It is a melanistic coastal form 
extending from the Gambia to Nigeria. There is often an extra band on the 
palpi of the female. The egg differs in possessing an inner white rim ; there is 
a difference also in the larval pecten. About 4 per cent, are naturally infected 
with malarial sporozoites. 

Avicennia nitida mangrove is associated with a sea-grass and resembles an 
apple tree in appearance, growing in scattered, isolated “ orchards ” above 
neap-tide. 

^ A. magniijing glass is necessary for ideutificatioa from these drawings. 

2 International Health Division of the Roctefeller Foundation fSoper and Wilson), Anopheles gamhias in 
Brazil, 1943. The Eockefeller Foundation. 
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A, fvnesliis (Eig. 349) is the second most Avidespread and important malaria 
mosquito in Africa with the exception of the North. Eor breeding it needs 
shade in grassy-edged, slnggisli streams v^dth clean water ; it never breeds in 
puddles without vegetation. The adult is domestic, bites man readily, and 
enters houses. It usually breeds in streams outside towns and is therefore a 
more rural species, being particularly dangerous in sti'eams of foothills which 
are independent of local rainfall. The sporozoite rate may be 5 per cent, and 
endemic malaria is kept going by this species. In North Africa and in Egypt 
these two species are replaced by A. multicolor and the brownish-coloured A. 
sergenti, the former of Avhich usually breeds in brackish water, the latter in fresh- 
water puddles, in the Delta region A, pharcands plays a jiart in malaria 



transmission. In Israel and Syria A. hifurmiuu bi'eiuls in wc'lls and idays a 
definite role in endemic malaria during the winter season. 

There arc between 40 and 50 species of anopheles in Asia. 

A. superpictus (Eig. 350) is often found in streams and in the shelter of rocks 
especially in partially dried-up rivers in summer time. In Israel it liibernates 
in caves. Control is difficult. 

A. st^iJiensi (hig. 351) is a town mosquito, the chief malaria-carrier in llombay, 
but m Calcutta is aUnost a non-carrier, feeding mostly on cattle. It broi^ds chiefiv 
in wells, and in closed cisterns, roof gutters and hai'rels, in close contact with 
man, who is readily infected. As with A. 'maculipennis there arc subvarieties 
distmgu^hed by their eggs. There are two main races, urban and riii'al. 

A. subpickis and A. vagus arc similar in appoarannes and habits. Tliey are 
the commonest species in India and breed in many situations, in ])uddlcs, ponds 
and rice fields. Both are common in houses. They are mostly zobphilic and 
therefore not of importance as malaria carriers. In Java A. mbpicim carries 
malaria and breeds in brackish water. 

^ (Eig. '352), is the chief vector in India and Ceylon. This species, 

Horizontal stance. In malaiia epidemics such as that 
01 1933 35, 20 per cent, are infected. This Aiiophelas breeds in sunlight, in 
clear water pools, especially dried-up rivers (as after drought in Ceylon), small 
irrigation channels and seepages from larger canals, wells and ornamental 

^ A magnifying glass is necessary for idciitiacation from tli»sG dniwiiigs. 
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waters. It becomes abundant after excessive rain with high atmospheric 
temperatures. The transmission season therefore is generally brief, about 
six weeks. In Eastern India, especially in Bengal, this species is scarce. In 
some parts of India, though prevalent, it is not an important vector. 

A. 'ininimus (Fig. SoS) , fiuviatilis, varuna and acotiitus all breed in streams, and 
in habits and appearance resemble A . Junestus, Larvse are found mostly in natural 
streams, especially those edged with grass, and in irrigated rice fields. (Rice 
gro\ying in lowdand districts in natural sw’ampland, when the water is muddy, is 
not dangerous, but the same fields in irrigated areas in the foothills of Assam, 
Northern India and the Philippines are especially malarious.) Thus, in Assam 
and Northern Bengal, especially in the tea gardens, A. minijnus is almost the 
chief malaria-carrier, being a man-biter by preference and breeding in clear 
water in drains and streams. In the cold season, when the rivers are in spate, 
A. mhmniis retires to more suitable localities. A. fluviatilis, like the latter, 




Fig. 353. — Anopheks minimus.^ X 6 


breeds in the Himalayan foothills dowm to Southern India, and is responsible 
for the malaria of the foothills in the tea and coffee estates in Southern India. 
A. varmia is capricious also in relationship to malaria ; it breeds in tanks and 
reservoirs in Bengal, but is not important in Southern India. It is common in 
Ceylon, but is not a vector there, but is an important species in Java and 
Philippines. A. aconitus is not important in India. 

All these are absent when the foothills are in a virgin state. IMalaria there is 
reaUy man-made, due to clearing of trees and undergrowth. Control means 
reversion to shade by planting shade bushes over streams. A. leucosphyrus 
(balahacensis) is found in India to Celebes, Java to Formosa ; its variety hackeri 
occurs in Malaya. It is an elusive jungle-breeding mosquito and an important 
vector in Borneo, Sumatra, Celebes, Indo-China and Burma (McArthur, 1951). 

A. hyrcanus and A. barbirostris are similar in appearance and habits. They 
commonly breed together in swamps or cultivated rice fields, but readily take 
to feeding on cattle, and on this account are usually of no importance in India 
and China, but in the latter country, as well as in Java, they are important in 
cattle-free areas. 

A. ruaculatus (Fig. 354) is the chief efficient carrier of malaria in Java and in 
the rubber-growing districts of Malaya. It does not occur in the natural jungle, 
unless this is cleared, but is found in streams, seepages, hoof-marks, etc., and 
^ A. magniiyina glass is necessary for ide ntification from these drawings. 
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is a man-biter. Shading and covering streams and diuins have Imcn effective 
in prevention. A.macuJatus is also common in the foothills of Assam and 
Cevion but is zodpliilic there and consequently not so important. 

in dense natural Malayan jungle mosquitoes do not breed, but when it is 
cleared, A. umhrosus appears and probably carries malaria. This S])ccie8 favours 
shade when this is completely abolished it disappears. A. sfirulnicus (ludlowi) 
(Fiff 355) breeds freely in Java in salt-water fish ponds, and in cleared mangrove 
k^amps, where the pools arc filled with brackish water. Important vectors in 
Bengal (Iyengar) are : A.philippinensis (in the plains), A.smdaiciis (in the delta), 
and A. minimus (submontane area). 

In North America there are only nine species of anopheles, of which three 
are regarded as important malaria carriers : 

.4. ma^culipennis, var. freehorni, invades houses freely. 



Fig. ZU.— Anopheles macukitusA Fig. ^55.— Anopheles simdaicus,^ 

X6 X 6 


A. punctipennis is the most widespread anopliolino ; it has black and yellow 
scales on its wings, and breeds in cool shaded pools, seldom entering houses. 

A. quadrimaculatus ranges from Mexico to Canada and is the chief vector of 
malaria in Eastern, Central and Southern United States. The wings have four 
distinct spots. It breeds in still clean water, and requires sunshine. 

A. pseudopunctipennis is widespread from the Argentine through Central 
America. It breeds in sunlit pools along the courses of receding streams, the 
larvae feeding on green algae. It rarely enters dwellings. This species (like A, 
maculiptnnis) can be divided into at least two subvarieties according to the 
colour and pattern of the eggs. 

A. aUbimanus (Fig. 356) is the most important anopholine in the Caribbean. 
Whilst preferring sunlit open pools, it develops also in brackish or salt water. 
In South America, in addition to the specios mentioned, there is another 
important species : AAarsimaculatufi. A- darlingi has recently been recognized as 
important carrier in British Guiana, British Honduras, Brazil and Venezuela. 
The adults enter houses and bite man greedily. The larvm are found in collections 
of water rich in vegetation. A . aquasaliSt an important carrier, in coastal regions 
breeds in salt water. A. beUator is the most important specios in Trinidad, 
where it breeds in the water which coUects in epiphytic plants or bromeliads. 
Its extermination is very difficult. 

* A magnifying glass is necessary for idontificailou from t.licsc dniwingii. 
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-4. hdhior is one of four species of the subgenus Kerteszia. They all breed 
in water collections amongst the leaves of broraebads. The principal host 
p ants of these epiphytes are Gravisia aquilegia, Hohengergia stellata, and 
n ittmachia linguhta. Each bromeliad holds from -I- litre of water, thus ensuring 
the breeding of these mosquitoes throughout the dry season. Some 
immortelles (Erythrina) harbour a hundred or more of "these parasites, and 
they are growm as wind screens to protect the cacao. Under this cover 
A. hellator is active tlmoughout the day and bites readily at noon. Manual 
removal of bromeliads is a laborious, but useful, measure, but spray killing by 
copper sulphate is the method of choice. When treated in this manner bromeliads 
are slow to regenerate and one application can cover a 10-year period (Gillette). 

In Australia, Melanesia, and Polynesia only one species of Anopheles is the 
vector of malaria, A. punctulatus (Fig. 357) which breeds in stagnant swamps with 




abundance of algse, in temporary rain pools, roadside puddles, and even in 
beached native canoes ; it is also found in paddy fields and shady forest pools. 
It has an unusually wide range of flight, and seeks human blood in preference 
to that of birds or animals. There are several forms of A. punctulatus, such 
as A. punctulatus punctulatus and A, p. farauti. All have much in co mm on, 
though behaviour may differ according to local conditions. Thus A. p. faurati 
has no preference for either human or animal blood ; in A. p. punctulatus 
anthropophilism is marked. All are more attracted to indigenous peoples than 
to the white man. 

LIST OF ANOPHELES VECTORS OF MALARIA^ 

REGIONS AND TYPICAL BREEDING PLACES 
(Those marked with an asterisk are the most important vectors) 

Europe. 

A. algeriensis. W. Mediterranean. Marshes, sluggish streams. 

A. claviger {hifurcatus). S. Europe. Wells, larvae hibernate in 

(Fig. 358) cisterns. 

A. hyrcanus. Macedonia and E. Medit- Marshes. 

erranean. 

A majznifyint' glass is necessary for identification from these drawings. 

^ The reader is referred to “ Keys of the Anopheline Mosquitoes of the World,” 1943, by the American 
Entomological Society. 
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A. wacitlipennlii {fpplcu.s:). 
(Fig. 347) 

*A. waculipcnnis aimparvus. 
*A, 'inacdipennis iahranchivc. 

*4. waciilipennis oncsspcr. 

A. plumheits. 

A. mchartm (clutiiii). 


llnmanici, Hungary, 15- 
C/.cehoKlovakia., S. 
Yugoslavia, 1 viissia. 
(Not in NiigliiiKl.) 

N. Holland, Gcnnany, 
l^oi'tugal, W. iSfiain. 
JDa.lniatian coast, Italy, 
y.K. (Spain, ISicily, iSar- 
(liiiia, (lorsica. 

Same as iypkus. 
ilusaia, H. Europe, Eng- 
land. 

S.N. l<]iirope, Uussia, 
(Caspian). 


Fresh wikT, including hill 
rc‘gioiis. ^ 


Bra, clash water, marshes, 

lagoons. 

Brackish water, marshes, 

la, goons, fresh water in 

rice fields. 

If’rc'sh water. 

^'roc holes, forest species. 

Brackish watei*, stagnant 

pools, puddles, sluggish 

streams. 



A. superpidus. (Fig. 3/50) 


Asia. 

.4. monitus. 

A. annularis {fuliginosus). 

(Bg. 359) 

A. halahacems 
(sec -4. leucos'phyrus). 

A, harbirostris. 

(Minor importance) 

A. claviger {hifurcatns). 

(Fig. 358) 

A. cidicifacies. (Fig. 352) 

A. fluviatilis. 

*A, hyremus, 

*J.. liyrcwnua nigerrimus. 
(Important vector in some 
areas) 


E. Mediterranean, (Spain, 
Italy, S. Hussia. 

Dutch E. Indies. 

Dutch K. Indies, China. 
Borneo 

Dutch K. Indies. 

Urban vector, Syria and 
Halestine. 

S. Arabia, India, (leylon, 
Hnmia, Siam. 

India, Ceylon, Turkestan. 
Java, Celehca. 

India, Malaya, China. 


Fools, drains, liaokwaters, 
river beds, tnlgcs of flow- 
ing water. 

Irrigation channels, 
swamps, ponds, rice fields, 
iSwamj>s, pools, riee fields. 


(Swamps, pools, ditches, rice 
fields. 

Wells and cisterns. 

Clear, naming slow streams, 
irrigation channels, wells, 
borrow jnts. 

(Streams and pools. 

Bools in rice fields. 

Bools in rice fields. 


^ A magnifying,' glass is necessary for ItJontilioutiou from these dniwin^s. 
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*A. hyrcanus sinensis. 

(Important vector in 
China and S. Japan) (Fig. 

A. jeyporiensis. 

"^A. jeyporiensis candidiensis. 
(Important vector S.W. 
China, Tonking) 

Icarwari. 

(Doubtful importance) 

-4. kochi. 


Dutch E. Indies, China, 
Japan. 

S. China, Indo-China, 
Assam, E. India. 

India, Malaya, China. 

India, Burma, Ceylon. 
Dutch E. Indies. 


Irrigation channels in rice 
fields. 


Rice irrigation channels and 
streams. 

Running water and ditches 

Pools in connection with 
streams and swamps. 

Fresh-water ponds, grassy 
edges of mountain 
streams. 



A. leiicosphyriLS. Borneo, Labuan, Dutch Jungle-breeding mosquito* 

E. Indies, Java to Dirty jungle pools? 
Formosa. springs, hoofprints. 

This mosquito is now regarded as a complex of six members scattered through 
Asia. The florneo representative is A. I, balabacensis. 

A. macnlatus, (Fig. 354) 


A. maculipennis (typicus). 
*A. macidipennis atroparvus, 

A. maculipennis messeoe.. 

*A. minimus. (Fig. 353) 

A. minimus varuna. 

A. multicolor {turkliudi). 

(Fig. 360) 

A. novumbrosus. 


Philippine Islands, 
Borneo, Dutch E. 
Indies, Celebes. 

Asiatic Russia. 

Mongolia. 

Asiatic Russia. 

E. India, Ceylon, Burma, 
Assam, Indo-China, S. 
China, Formosa. 

India, Ceylon. 

Persia, India. 

Malaya. 


Seepage areas in sunlight, 
or open Mil streams. 

Fresh water, including hiQs. 

Brackish water in coastal 
areas. 

Fresh water, including Mils. 

Grassy springs, streams, 
ponds, ditches, rice fields. 

Pools, ditches, wells. 

Pools, irrigation channels 
and brackish water. 

Shade breeder, jungle- 
covered swamps. 


^ A iiiii^^nifying glasf^ is necessary for identification from these drawings. 
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.-1. htifer (foniH-rly 
A. jmttoni. 

A. plnlippmrn.'^iis. 

*.4. puncinlaUts. 

*.,4. steplic.nsi. (Fig. 351) 

A. subplctMS {rosd). 

*.4. mndaicns {ludlowi). 

(Fig. 352) 

*^4. sicperpictus, (Fig. 350) 
A. tessellatus. 

A. multicolor {turkhiidi). 

A. iimbrosus, 

A. vagus. 

(Minor importance) 

Africa. 

A. algeriensis. 

*A. funesiuft. (Fig. 340) 

^A. gamhim. (Fig. 348) 

A. hancocki. 

*A. hargreavcsi. 

*A. macuUpennis lahmnchice. 

*A. melas. ' 

A. moucheti. 

A. moucheti nigerienais. 

A. multicolor. (Fig. 300) 
A. nili. 


Malaya. 

N. China. 

W. India, Bengal, AHsani, 
Burma, Malaya. 

Borneo. 

S. India, Iraq, Ceylon. 

India, Formosa, S. Ciliina, 
Assam. 

F. India, Burma, Anda- 
mans, Malaya. 

Asia Minor to India (Fnii- 
jab). 

Formosa, S. China, Indo- 
China, 8iara, Malaya, 
Assam. 

M odit(‘rranean , F fch iopia , 
India. 

Philippines, Borneo, La- 
buan. Butch F. Indies, 
OclchoH. 

India, Andaman Islands, 
F. Indies, 8. China, 
Formosa. 


N. Africa (\V. Mi'diter- 
ranean). 

W., S., Central and F. 
Africa, Congo. 

Ibid.., also U])per Fgypt- 
and Sudan, Arabia, 
Madagascar, Mauriti us. 

8ierra Boone, Liberia, 
Caincroons, Uganda, 
Belgian Congo. 

W, Africa. 

N. Africa (W. Mculitcr- 
ranoan). 


Gambia, Bierra J..oonc, 
Nigeria, W. Africa. 

C. and E. Belgian Congo, 
Uganda. 

C. Africa, Ethiopia. 

N. Africa deserts, Egypt. 
Tropical Africa. 


(loastal hills and plains. 

Slow moimiain streams, 
rice liclds. 

Iticc llelcls, lakes, small 
bodies i)f water. 

Stagnant water, pools, 
puddles. 

Pools and wells, cisterns 
adapted to towns. 

Polluted pools, oftcii 
hraeki.sh. 

Usually brackish pools. 

Fools, (Ira, ins, backwaters. 

Pools, puddles, brackish 
swamps. 

Rain pools with algoe. 

Foaty marshes in virgin 
jiingl(‘. 

Small collections of muddy 
water, ponds and rice 
fields, also in brackish 
M^atoi*. 


Marsh(‘R, sluggish streams. 

Cras-sy pools and streams. 

Ibid. Occasionally brackish 
water. 

Clear water in grassy water- 
holes, ill ditches, wells 
and swamps. 

Sides of streams, swamps 
(vegetation). 

Brackish pools, marshes, 
lagoons, rico fields 
(warmer water than for 
atropirv'us). 

Brmikish an(.l salt water in 
mangrove swamps. 

Stre^am banks, pools (vege- 
tation). 

Clear water with IHstia and 
other vegetation. 

Fools, irrigation channels, 
brackish and salt water. 

Clear, shaded flowing water. 
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^ 4 . 2'>^CLransis, 

*^ 4 . sacharovi {elufiis). 

^4. serge ntL 

super pictiLS. (Fig. 350) 


America. 

alUmaniis. (Fig. 356) 

-4. (KyssorJiynchus) 
albitarsis. 

*A. {Nyssorhynchus) 

aquasalis {tarsi mac iilatus, 
in (Easily de- 

flected to animals) 

A. argyritarsis, 

*A. (Kerteszia) beUator and 
A. (Kerteszia) cruzi 


A. crucians, 

*A. {Nyssorhyjichis) darlingi. 


A. gambicBj introduced 1930 
into Brazil from Senegal 
(now exterminated 1942^) 
*A . mac itlipennis Jreebomi. 

A. maciilipennis aztectis. 

A. oswaldoi noroestensis. 

A. punctimaculata. 


A. pseudopunctipennis, 
*A. quadrhnaculatiis. 

A. walkeri. 

(Doubtful importance) 


Egypt, Tropical Africa, 
Madagascar. 

N. Africa (W. Mediter- 
ranean). 

N. Africa, Nile Delta. 

N. E. Africa. 


Coastal Mexico, C. 
America, W. In^es. 

Argentina, Brazil, Gui- 
anas, Paraguay, Vene- 
zuela. 

Nicaragua, Br. Guiana, 
Panama, Trinidad, 
Brazil- Nectar feed- 
ing by both sexes. 

Brazil, Colombo, Gui- 
anas, Venezuela. 

Trinidad, Venezuela, 
Brazil, “Forest 
Species,” ‘ ‘ Domestic 
Species.” 


S. and E. D.S. Coastal, 
Mexico. 

Bolivia, Brazil, Colombia, 
Peru, Venezuela, Ar- 
gentina. British and 
Dutch Guiana. 

Brazil (Rio Grande, 
Ceard). 

Pacific slopes of U.S. and 
New Mexico. 

Central Mexico. 

N. and S. Brazil. 

Central America(Panama, 
Salvador). 


Argentine (N. W.), Chile, 
Peru. 

S. and E. U.S.A,, N. E. 
Mexico. 

N, U.S.A. 


Flooded grasslands, swamps 
(vegetation). 

Brackish pools, puddles. 

Pools, drains, hoofprints. 

Pools, drains, backwaters, 
river beds, edges of flow- 
ing water. 

Swamps, marshes, streams. 

Large ponds, marshes, over- 
flow areas. 

Shaded, or sunlit, brackish, 
tidal swamps and fresh 
water rice fields. 

Pools, ditches, seepage. 

Exclusively in collections of 
water at base of brom- 
eliads, epiphytic on shade 
trees, such as “ immor- 
telle ” (Erythrina). Bite 
man preferably. Enter 
houses. Active in day- 
time in deep shade. 

Brackish and fresh water. 

Ground pools, side pools of 
rivers, with vegetation, 
muddy road pools. 

Grassy pools, streams, 
brackish water. 

Clear fresh seepage, over- 
flow, rice fields. 

Clear and dirty water. 

Shaded fresh water in 
jungle. 

Shaded ground pools with 
leaves, swamps, sluggish 
water. Bites man. 
Houses entered at night. 
Jungle mosquito. 

Stream beds with algae. 

Pools, ponds, lakes, lagoons, 
swamps. 

All kinds of pools. 


^ This feat provided the best example of species eradication. Spraying with pyrethrum (Flit) to kill 
oil adults, and Paris Green for larva, were the chief methods employed. 



1038 


MEDICAL ENTOMOLOGY 


Australia AND Pacffic. 
A. annnlipes. 

(Rlinor imporkuico) 

A. hcn^croffi. 

A. harhiyoMi'is. 

(Minor importanco) 

^A. punctulatus, (Fig. 857) 


pniictulatus faratiti 
(niohiccensis). (Most im- 
portant vector) 

*A. sundaicus (hidloivi). 
(Fig. 355) 


New Heltrides, Australia. 


N. Australia, Polynesia. 

JM. Australia. 

Moluccas, New Guinea, 
New 13ritaiii, Solomons, 
New Hebrides, N. 
Queensland. 

New Britain and Guinea. 


Moluecas. 


Pools, marshes, creeks, 
occasion ally brackish 
water. 

Shallow, slow - running 
water witli ATgetation. 

Shaded banks of small 
lakes. 

Pools, swamps, puddles. 


All kinds of water, 
brackish a, ml salt, clear 
or standing. 

Usually brackish pools. 


hi ALA Ri A Control 

S. America 
British Guiana 
Alain rector , — -L datiinyi. 

Breeding grounds. — Uico fields and sugar plantations hi'liind coastal sea, wall. 
Intensity. — 90 per cent, afleeted. 

HUT campaign in January, 11)47. lU^sidual spraying oi* liousos, at intervals 
of eight months, I -li grm. OUT per s]). m. In 1950 interval incroasiul to 1 .1 years. 
Results. — None of 2,0()0 infants born 1940^1950 found positive for malaria. ”* 

Bpleen rates. — 40-70 in 1945, reducotl to 1*5-4 in 1948. 

Parasite rates. — From 40-55 per ci^nt. in 1945 to 0-8 in 1 918. 

Peru 

Alain rectors. — A. pscndopunctipennis^ A. (dhiinanus, A. pu net! nuwntata,. 

Intensity. — 3 million out of 8^ million afieeted. 

HUT campaign, 194(1, residual spray 3*4 gnu. DDT juw s(|. in. once v(‘<u‘Iy, 
houses and stables. 

BesvUs. —Miihiriii incidence 57,998 in I94(> reduced to 80,188 in 194 9. 

Parasite rates. — (i*2-18*4 per cent, before campaign rediuii'd to 0*(M -0-8 in 19‘I9. 
VenezveJa (Gabhldon) 

Alain vectors . — A. darlings ^4. alblinttnu.s, A. pseudopunctiponiiis. 

Intensity . — 20 per cent, of 4^ million aflectc.d. 

OUT campaign from 1945. Residual spraying of bouses, stables, Jatrim‘s with 
1 grm. HOT per sq. m. every 4 months; then t\vi (!0 dosage every (> months. 
Results. — Itcduction in A. darlingi., A. (dbimanus less so. 
i9^;Zeea7YF/e.s.— From 72*7-9S*() per cent. (1941-1945) reduced to 15-5 in 1949. 
Argentina 

Alain vectors. — A. pseudopunctipennis, A. albitarsls, probably A. darlingi. 

Intensity . — y million affected. 

HUT campaign, 2 grm. per sip m. Residual sjiraying of houses up to 

3| m. from door and ceilings at intervals of 8 months during transmission season. 
Results. — 2,785 cases notified in 1949, compared with 300,000 in former y(‘a.rs. 

Bolivia 

AIa>in vectors. — A. pseudopunciipennis^ A. darlingi. 

Intensity. — 2 million affected. 

HDT campaign, 1940. 2 grm. per sq. m. at intervals rif 2 mouths. 

Results. reduction in spleen and parasite raU^s. 

Brazil 

Alain motors. A. darlingi, A. tarsimaculatvs, A. alhitarsis and some bromoUad 
breeding by Kerteszia (A.) cruzi and Kerteszia bellator. 
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Intensitj/. — 12 million affected. 

DDT campaign, 1947. Residual spraying l'5-2-5 grm. per sq. m. Limited 
use also of B.H.C. and Chordane. 

Results. — Reduction from 18,927 in 1945 to 3,801 in 1948 and 970 in 1949. 

Parasite rates. — From 29-09 in 1948 to zero in 1949. 

Ecuador 

Main vectors. — A. albimanus, A. pseudopiinctipennis. 

Intensity. — 3^- million affected. 

DDT campaign from 1949. Residual spraj'ing of houses, 2 grm. per sq. m. 
thrice yearl 3 \ 

Results. — About 1 million protected from malaria. 

N. America 

Mai?i vectors. — A. quadrimaciilatus^ A. Jreeborni, A. crucians, A. punctipenms, 
A. u'all'eri, A. albimanus. 

Intoisity. — There has been a general decline in malaria incidence for many years. 
In 1938 it was estimated that 27 million out of 150 million were seriously affected 
by malaria, with some 4,000 deaths annually, 

DDT campaign. Residual spraying 1 grm. per sq. m. tivice yearly in 13 
malarious states; increased to 2*1 grm. per sq. m. at yearly intervals. Houses, 
walls, ceihngs and undersides of furmture treated. 

Results. — ^hlalaria mortality per 100,000 in 13 states about 10-12 in 1930 reduced 
to 0*4 in 1948. Total number of cases in 1935, 135,781 reduced to 4,229 in 1949. 
Deaths from malaria, 4,252 in 1935 to 142 in 1948. 

Asia 

Ceylo7i 

Main vector. — A. culicifaMes. 

Intensity. — Great majority affected. Malaria zone covers two-thirds of island. 

DDT campaign, 1946. Residual spray 2-1 grm. per sq. m. then 1 grm.; more 
recently 0*5 grm. at intervals of seven weeks. 

Results.— Diiect protection for 2^ million and indirect for 44 million accomplished. 

A. culicifacies now rare in houses and larval density is low. 

Data for general mortality per 1,000, 24*8 (1928); 20*3 (1946); 14-3 (194/); 
and 12*6 (1949). ^ 

Spleen rates. — In children 4*5 per cent. (1938); 3*7 (1941); 0*6 (1948); 0*!:- (1949), 
after control had been instituted. 


India 

Main vectors.— A. fiuviatilis, A. culicifacies, A. mhihnus, A. stepbensi, etc. 

Intemity.—Zi) million exposed to malaria. . - 

Bombay State.— C&mpaiga against anthropophilic vector, A. piviatilis, transmitting 
from December to June in Kanara district. A second scheme against A. culici- 
facies partly zooplnlic, in Dharwar district, transmission season July to November. 

Residual DDT spraying 0-5-0-7 grm. per sq. m. three times during transmssion 
season. In A. fiuviatilis terrain only house walls up to 3 m. are sprayed. In the 
case of zoophilic, A. culcifacies, animal shelters as well as houses treated. 

Results.— In Kanara 1 per cent, parasite rate in infants in treated viUages, but 
13-27 per cent, in untreated. Malaria morbidity reduced by 300,000 per year. 


Delhi Province 

Vector. — A. culicifacies. 

Intensity. — 300,000 affected. 

DDT campaign since 1947. 

to houses and stables. . r 

Results . — Spleen rates in rural areas fell from 29*3-10*3 per cent. Numto of 
cases in urban districts were 32,405 (1945), 27,868 (1^46) 
rural areas the figures were 18,344 (1945), 13,502 (1946) and 4,663 (1949). 


DDT at 0*54 grm. per sq. m, applied twice yearly 
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Europe 

Greece 

2[ain rectors.— A. sacitaron and A. .sHpci picf.us. 

Lifensitif . — 5 million out (d S million alToLdod. Seoond cause of death in infant 
mortality. 

J)I)T iampai^ns eominoueed in and extended to all malarious regions in 
11 ) 49 . 

In urban and semi-urban areas anti-larval work at ()-02 |grm. DDT per stj. m. of 
water surface at intervals of 10-15 <lays. Largo ar<‘as s])rayed fi'om aircraft at 
0 01:2grm. DDT per sq. m. at intervals of !23-50 days. 

/t!e,s- a //.s‘.— Spleen rate in eliildreii varied from 25-100 pin* cent. Ptwcfentago ])arasite 
rate in cliiklren from KI-.SO befor(‘ the campaign, f('ll to 0-1 in lOIS. Infant 
parasite rate became zero. There has Im'oii a fall iVom 100,000 (arses of malaria in 
11)4() with 500 deaths to botwe(‘u 15,000 and 20,001) ea.s(‘s annually in 1017-11)49 
with almost no deaths. 

Italy 

M(vm vectors . — .4. sacharovi^ .1. superpirfus and .4. inacnlipennitS tab raw hi (v. 

Intensity. — Imddenee formerly 5,()00 eases p(‘.r million with 200 deaths annually. 

DDT campaign commenced in 1040. Spraying once yearly at J -5-2 ginn. DDT 
per sq. m. 

liesvUs . — In 1048 2,012 curses of malaria with 04)8 deaths per million a,nd in 1040, 
422 cases per million with no dcuiths. 

Sardinia 

Vector. — A. niaculipennis labranchuv. 

Intensity. — 23,89() sq. kilometres and i)opulation of 1,200,000. Parasiit^ imhux high. 
P. vimx ()7 per cent., 1\ falciparum 20 per cent., P, malaria'. 7 pen* etmt. 

DDT campaign commenced in 1040. Residual spray 24) grm. per sep m. for 
adult insects. 1047 Larvicidal ca,m])aign with DDT in oil cudarged to embrace 
whole island 2-5 per cent. DDT H- 0*5 per cent. 4’riton in fuel oil. Final check 
on eradication 1 950. 

Malaria has already disappeared; not a single (uisc of primary malaria ibund in 
1949. Romo sectors still contain A. ■macalipe.n.nis labranchim laiwau 
Cyprus (Aziz.) 

Vectors. — .4. bijurcatus, 4. supcrpictus, -.4. elutus, .4. alyaricusis and A. multicolor. 

Intensity. — Almost whole population aflccted. Area involvc^d 3,5S4 sci. miles. 
Island divided into 550 blocks. 8pc‘cially trained scouiiS applied anti-larval 
DDT methods 4- residual spray to houses e.omrnemu'ng in 1940. 19.i tons of 

DDT used in 1948. 

Anopheles eradication campaign terminated a.t end of 1019. 

Results. — Number of cases reported in 1044, 7,0tS0; 1045, 5,008; 1040, 4,180; 
1947, 1089; 1948, 400. 

Parasite rate in schoolchildren (1947) was 4-5 per eeiit.; in 1048 wuis 1*3 per 
cent. In 1949 no fresh eases of malaria reported. Blood from 275 infants was 
negative. 

Scouts found larvie only in 34 out of 5.J million breeding ])lac('H inspected and 
adult mosquitoes in 0 out of 1 million former adult resting plaei^s. No A. elutus 
larvm or a(lults found. 

Africa 

In Africa as a whole A. (jambuje is undoubtedly thc^ most widespread and vicious 
vector of malaria. Doubts have been expressed regarding tlu^ (4heacy of DDT 
against adults of A. (jamhia* and risks involved in iiittul'ereuce witli immune state 
of peoples in endemic areas have boon responsible for the U^ss advaini<jd state of 
malaria control as compared with other countries. 

Transvaal 

Vectors. — A. ganibice and ^1. funestus. 

Intensity. — ^Malaria affects over 1 million inhabitants. 

DDT campaign commenced in 1944. Applied thrice yearly to huts and houses 
at 1 grm. per sq. m. 

Results. — Blackwater fever ceased to occur. Spleen and parasite rates fell 
spectacularly. 
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Madagascar 

Vector. — x4. gatabice. 

No results yet available. Extensive campaign of DDT commenced in 1949. 
Octochlor and B.H.C. also employed. Swamps have been treated for larva;* by 
helicopter spraying. 

Mauritius (Dowling) 

Vectors. — A. gambice and .4. junestiis. 

hitensity. — ^IMalaria extensive on whole island, nearly every uihabitant affected. 

A central zone of the island had already been cleared of malarial vectors; 
major island-wide programme commenced in January, 1949. DDT sprayed at 
2 '5 grm. per sq. m. in area extending from central zone to coast twice yearly. 

Results. — By June, 1949, A. funestiis had disappeared, though A. gambice still 
abundant. 

Generall 5 q infant and malaria mortality rates were respectively 27-2 per 1,000 
and 150 per 1,000 and 32 per 1,000 before campaign; feU to 16 per 1,000, 91 per 
1,000 and 12-9 per 1,000 afterwards. 

Percentage spleen and parasite rates were respectively 34*8 and 9*5 in 1948 and 
2*8 and 0*36 by 1950. 

Tribe Culicini 

This large tribe contains over 500 species and some 20 genera. The scutellum 
is trilobed, each lobe bearing bristles. The abdomen is blunt and completely 
clothed with broad flat scales. The eighth segment of the larva is drawn out into 
a respiratory siphon with a well-developed pecten and four giUs provided with 
tufts of hairs situated on a projection anterior to the respiratory siphon. Culicines 
living in water with little chloride have large anal gills. There are no rosettes or 


Fig. 362. — Culex fatigans egg- 
raft. (After Sambon.) 


Fig- 363. — Larva of Culex fatigans. (After J.F. Marshall.) 

A.g., anal gills ; An., antenna ; Br., mouth brush ; C, comb on Sth segment ; 
D.b., dorsal brush ; E, eye ; Isg„ 1st abdominal segment ; S sg., Sth abdoimnal 
segment; Si., siphon; Sp., Spiracle; Th., thorax; W.s., water surlace ; 
V.b., ventral brush. 




palmate hairs as in anopheles. The pupae are similar to those of anopheles, but 
the respiratorv trumpets are longer. 

The following are the main characteristics of culicines in contradistinction to 

those of anophelines : . i i. i j 

(1) The eggs are not provided with air floats, either laid separately or stacked 

in rafts (Fig. 362). j i. j.* ^ 

(2) The larva breathes through a pair of spiracles, situated at the tip ot a 
tail-like tube or siphon, projecting dorsally from the Sth abdominal segment. 
It hangs head downwards from the water-surface, supported by the capillary 
action of five hinged valves surrounding the tip of the siphon. It sweeps for 
floating particles of food with mouth-brushes below surface level, or else dives to 

the bottom (Fig. 363). j n u 

(3) The pupa has cyclindrical respiratory trumpets and usually a brancnea 
hafr at each “ apical ” comer of 3-7 abdominal segments. It has no accessory 
hair on the ventral surface of the paddle. 
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(4) The cadiilt has an abdomen densely covered wiili scales. Tlio female has 
short and splendor palps, from onc-lifth to onc-half as long as the proboscis. Q'he 
male has, as a rule, long hairy palps Avhich have a “ pliinie-like ” appearance. 
This mosquito iisnally rests with proboscis and abdomen forming an obtuse 
angle, the abdomen being more or less parallel with the sup})orting suifaco 
(Fig. 364). 



Fig. 364.— Resting position of (Udox JatUjan,^ AimphidvH hijrmniis^ and 
A n(>ph(dc.<^ maciilipcfiiiis. 

Gulex Jaligans (Wiedemann, 1828) (Fig. 365) is a nocturnal species, found in 
the tropics and subtropics, common in houses ; it breeds in water tubs or any 
collection of water and can be distinguisbed from ano])hcleH by the position 
assumed on resting (Fig. 364), The palpi are shorter than tbo proboscis in the 
female. This species was first established by Manson (1878) as the intermediary 
of Wuchereria bancrqfti. It also transmits Diroftlaria immifis of the clog and 

0, pipicHH (Linn) is the common 
house nu)S(|iiito of Mast and North 
America anclthc Facitic coast, ranging 
through Murope, China and j)ortions 
of South America. It is brownish-grey 
and the basal white bands on the 
abdomen form lateral basal triangular 
patches. Jt lays eggs, by ])reference, 
in polluted water. It bites viciously 
and the bum product^d is high pitched. 
It transmits IF, hanrrofti in Egypt, 
(diina, S. Atneric^a, (,?,ueensland and 
Melam'sia, also the virus of human 
and cquints (Mice])halomyelitis. Differs 
mainly from C. Jatujans by the 
character of the male genitalia. 
According to Marshall there are two 
species, one, the man -hi tor, is molesius ; 
the term pipiens being retained for zoopliilic fonn, which feeds mostly on birds. 

Genus Mansonxa (TiENiORHYNOiius) (Edwards) 

StJBaBNUS MANSONIOIDES (Fig. 366) 

This genus occurs in tropical and Central America, tropical Africa, and in 
Asia, especially Malaya, but is less important in temperate North America, 
Europe, and Australia. These mosquitoes are recognizable by the very broad 


various plasmodia of birds. 



Fig. 365 . — Calex fatiyans, X 4. 
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asymmetrical wing scales, whicli are of two colours, white and grey, like salt 
and pepper, but which do not make conspicuous pale and dark areas. The 
palpi of the male are longer than the proboscis ; the penultimate segment is 
turned upwards, while the last segment is minute, and is turned downwards. 



The end of the abdomen of the female curves upwards, so that only six and a 
half segments are visible dorsally. The eighth segment is entirely retracted, is 
of a peculiar form, and carries a row of strongly chitinized teeth on the tergite. 
The arrangement of these teeth and the shape of the lobes of the stemite are of 
value in identification. There are five species of importance which are concerned 

34 
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Avitli tho transniLssion of Wvchenna makti/i: M. annulahis, Leic., M. annylifera 
(Tlieo), U. Indiana, Edwards, M. lovgipalpis,Y. d. Wulp, and M, uiiifonnis (Theo). 

The larvaj of niaiisoiiioidea arc readily recognizable by tlio peculiar form of 
the respiratory siphon, which is ada.])tcd for piercing plant tissues (Fig. ,SG7). 



Fig. 367.— Respiratory syphon and terminal segments of larva (dorsal view) 
of Mdiuonioides. 

{From liulli'lwfi from. Tmt. for Mrdical Rrmirrh, h'rdvrotnd 

Fmkndc Filar hms ui thr F.M.S. {l*o}finou ttiid Uodqkiii) '.) 

This structure is short, and has a conical base and a distinetivo blacJc tip made 
up of several parts, one of which has a saw edge and (‘.nds in a ring of retractable 
hooks. The known larvae closely resemble one another. The ])ui)ie are also 
distinguisha])le by the form of the respiratory liorns whi({h, like tho siphon of 
the larvae, are modified for piercing plant tissues (Tig. ,368). Each horn is long 
and terminates in a narrow, strongly cliitinizod portion, which hears a pair of 



Fig. 368.— Respiratory horn of pupa of MansonioUvs, 

feather-lilve structures and ends in a sharp point. All species of mansonia 
are man-hunters and fierce biters, and attack either in or out of doors. Primarily 
night-biters, in the jungle they feed at any time. Tho eggs are laid in, small 
batches, containing a hundred or more, on the underside of loaves of water 
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r' rl surface of the water. The most characteristic pecniiaritv, 

Zd the genus, is the habit of the pup^ 

T1,»7 ^ otitaimng air from the submerged portions of water plants. 

tiss,7p» respiratorj- siphon into the air-containing 

remams there until forcibly removed. The pup* do likewise. 

Wb a f° ^® “°st favoured. Different species 

w! P’'®terence for certain water plants, and the type of water in which they 

fmmrf ^ M. indiana, and M. unijormis are most easily 

esnecial 0 / ' ^ ^ floating and gro\dng in exposed situations, 

especially Putia strahotes, a plant wliich floats ^ith hanging roots in still water. 

f preference for the water hyacinth (Eichornia crassipes) and 
su amp ^ass (ImcJiiie austraUs). The food of the larvse consists of fine particles 
rope makli^^ ^flich are freed from coconut husks in the process of coll and 



Fig. 369 . — Aedes csgijptiA 
female, x 4. 



Fig. 370 . — Aedes scutellaris pseudo ~ 

scutellaris.'^ Side view, showing buckling 
of proboscis sheath in the act of biting. 
X 4. 


Genus Aedes (Meigen, 1818) 

Formerly known as Stegomyia, this genus is widely distributed. They are 
mostly black and white insects with white, silvery yellow bands or spots on the 
thorax and legs, for which reason they are generally Imown as “ tiger mosquitoes.” 
Certain species [A. c^gypti and A, albopictus) are frequently found in ships. 

AMes cegypti (Fig. 369). Syn.— A. argenteus, Stegomyia fasciata 

This occurs all over the tropics and subtropics, 40° North and South of Equator, 
and in Europe at the level of Gibraltar. It is a domestic species rarely breeding 
more than 100 yards from houses, and can be recognized by the peculiar lyre- 
shaped design — two dull-yellow parallel lines in the middle and a curved silvery 
line on each side of the thorax. The proboscis is not banded, but the abdomen is 
banded basally. The last hind tarsal joint is all white and some of the other 
tarsal joints are marked basally by light bands. It bites avidly, mostly by night. 
The eggs are laid in small dark receptacles, e.g., water in tree-rot holes, tins, 
pots, coconut shells, cut bamboo, sagging eaves, plants, tops of pineapples, 
sisal leaves, vases in cemeteries, bilges of ships, old beer bottles, and car tyres. 
When deposited they are white, but darken in a few hours. If kept moist, the 
larvae develop in 12-24 hours ; they can resist drying for as long as six months. 
The larvae then emerge when they are moistened. 

^ A. n-agnifying glass is necessary for identification from these drawings. 
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4 CBom'li tl>e virus of yellow fever a>id deuj^uo (p .L7) Although 

,0 wXlv dislrihutecl it docs uot oe.cur abundautly u> Anstra la, Malay btates. 
C*huv Africa, aud West Indies, where it is replaced hy allied species. Under 
experimental conditions other sjKieics may transmit yellow level, sneh as 
A MX ix,ujc„x), A. apicommMux, A. fum A. .smp«in» and Ar^ 
VoditeB chnimjaster. Abundant throughout b. America and the b. United btates, 
ft does not occur in CaUforiiia. A . kucocche,, us trausnuts jungle yellow fever m 

'^ lu'tlie'^control of aiidos constant attention must be jiaid to minute details. 
Legal emiclincnts should be pimsed for insimetioii of house.s eoui,)onnds and 
buildings. Gutters should be prohibited, and tree-rot holes lilled with sand and 
tar. In most tropical countries old tins am rolled out by rollers 0|«-rat,ed by 

the sanitary authorities. n i i • 

A vimtus {sug,ius). uitli six wliiUi spots on the thora.x, usually breeds m 
rook-pools throiighout tropieal Africa, hi l-'iectown, b.cria beonc, it is usually 
wild, but readily ))ceonios domestic, and it may a(‘t as a vector oi yellow fever m 
West Africa. 



Fig. 371. — Diagrammatic representations of marking on thorax of ( a ) Aides 
albopictus and (u) A Sties scutellaris psemlosculrlhr is -lateral views. 


A. albopidns (Skusc, 181)5) (hig. 371 a) is a commonly (UHtribuied spooios in the 
East, where it breeds in bamboos near dwellings. In general its habits resemble 
those of A. (egypli, but it is distinguished by the single broad mt'dian stripe in the 
scutum. It is a transmitter of dengue in Japan {see p. 377). 

Members of the A. smidlaris complex a.re found throughout Indonesia and the 
Pacific. AhUs scmidUiris psemlosv-utdUms is found solely in Fiji {ibrm(U‘ly known 
as Steqomyia pseiaJoscutellans or A . variegafus). A new speei(‘s, .*1 , s, pal j/msiensis, 
has been separated by Marks (1951). It is found in Eiji as well as in Samoa, 
Ellice, Cook, Society, Austral, Tuamotu and Marcpiesas Islands. 

A. s. polpiesiensis closely reseinbh^s pstmdosmfdluris. Plicre a.ro some small 
differences in the scales on the sentum, but the main distincition 1 i(^s i n the genitalia 
of the male. In polynesiemis the basal lobe of the coxile is simple with setie 
extending nearly to base dorsally, but witliout stout specdaliKi^d sctie. Ihore are 

also some minor distinctions in the papilhe ol the tail of the Jarvic. 

Polynesiensis is thoi*eforo the cliiol vector ol the non-periodic Pacific nlaii^, 
Wuchenria pacifica. Members of this group have also bc^en provwl to bo the 
vectors of dengue in tho Pacific. '^Phese two species {psm(los(\uio.Umis and 
polynesiensis) are diurnal in habit, bite man, but may also feed on birds. The 
distinguishing marks are throe ])arallel white strii)es on tho mesothorax, and the 
incomplete white abdominal cross bands (Eig. 371 (ai) ). Tho larvae resemble 
those of A. cegypti, but are distinguished by tho lateral barbs of tlie comb scales, 
which are distinctly smaller and more delicate, Tho brooding places aT*e peculiar; 
though readily entering houses, they arc not domestic mosquitoes. They breed 
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mostly in small collections of 'W'ater containing decaying vegetable matter, in 
the shells of coconuts, in crevices and holes in trees, in the artificial reservoirs 
in coconut trees used by Polynesians, in holes in coca-pods gnav ed out by Pacific 
rats ; in bottles and tins tying about in the bush. The eggs, larvse and pupa 
can withstand considerable desiccation. 

Eighteen subspecies are now recognized such as A. scuiellaris tongce, marskal- 
lensis, etc., by Marks. 

In campaigns against these mosquitoes, the introduction of predatory 
megarrhine larv£e has been attended in the Pacific by a considerable degree of 
success. Unless rotten 'vvood is completely excavated, filling in tree holes by 
a mixture of sand and tar is unsatisfactory. A third species of the scuteUaris 
group is found in Piji, A. s. horrescens, th<? larvse of which are clothed in hairs. 

These species are extremety intolerant of sun and wind. Their main haunt is 
stiU, shady bush around native villages. Much has been done in the CTilbert and 
Ellice Islands by the removal of undergrowth, creating a through draught to the 
trade vinds, which render their haunts untenable. Similar measures are being 
undertaken on a large scale in Fiji by native trained teams. 



Fig. 372. — Various forms of mosquito eggs. 

«, Gra^ihnmia dorsalis: h, Cvlex pipieris : c, Culet scapularis : rf, Mansonia titillans : Anies 

cFfjjipti : /■, 'raniorJiynchus ftilviis : Culex fntigans : A, Jantldnosorna liiUi: i, Taniorhynchiis 

fasciolatus, 

Sabethtni (Sabethoides) 

These are jungle mosquitoes, suspected of transmitting jungle yellow fever in 
Brazil. In all three stages of their existence they are so characteristic that they 
have been distinguished as a separate tribe. The adults have a metallic lustre. 
The scales of aU parts of the body are flat. There is a pair’ of verj’ large pro- 
cumbent bristles projecting from the crovui of the head. The antennae are 
similar in both sexes ; the palpi short in the female and usually also in the male. 
The larvae are generally predaceous and live in the water which collects in the 
axils and bracts of leaves, or is secreted by pitchers or other modified parts of 
plants. They are usually rather hairy and have smooth or stumpy antennae. 
A siphon is present and there is a single row of scales on the sides of the eighth 
abdominal segment. The pupse are characterized by the conspicuous fan of 
bristles at the postero-lateral angles of the eighth and ninth abdominal segments 
and by the small tail-fins. The most widespread species is Trichopivsopon 
frontosus which is widespread in S. America and transmits yellow fever by its 
bite under laboratory conditions. 

Family Ceratopogonid.® (midges, gnats) 

These are very small (1-3 mm. in length), slender, bloodsucking gnats, generally 
known as midges. In biting habits they resemble Simuliidse and are frequently 
mistaken for them. The antennae are plumose in the male, pilose in the female. 
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AmongtiL twenty or more genera comprising the family, the most important 
from the medical aspect are Citliroides (Fig. 373), Ceratopogon and Leptocovops. 
All bite man viciously, mostly at dusk or night. 

Genus Culicoides. — (l’4~l*8 mra. in length). The eyes arc largo. The 
antenum are long and thread-like ; the wings contain pigment in the membrane 
not scales like mosquitoes. The eggs arc white, small and oval, and laid on 
alga? in shallou^ water. On liatc'hing, the larva* wriggle in the mud. They are 
usnallv red and known as “ blood- worms.” They have four ])airH of gills. 
'I’ho pupa is furnished with no exterior casing, so that the wings and legs are 
fused to the thorax. Two long respiratory tnnni)ets are ])reseut. The adult 




Fig. 373, — Culicoides (jrahanu ? x 50. 

{After Byam and Archibald.) i74.--Hinndiiwi^ ditmuosuni. x 10. 

emerges after three days. Culicoides mi.sieni and C. graham i have been proved 
intermediary hosts of Dlpctaloyieymi streptocerca. Tlu^y are night biters and 
prefer dark skins. 0. f wrens transmits Mansovella ozzardi in (hiiana and 
G. partmsis docs so in Antigua, 

Family CmKONOMrj).‘TO 

These are midges which look like mos(piitO(‘s, but do not bite man. When 
resting they raise the front pair of legs. Tho prol)OH(*iH is V(*-Htigial, and there 
are no scales on the wings. They ocenr near lakt*s and rivt^rs iu largo swarms. 

Family ScMULiroA^ 

The simuliidai include “buffalo gnats,” black Hh^s and “turkey gnats.” 
Generally small (1 to 5 mm, long), they arc blood-suc‘kii\g, with hlado-liko piercing 
female mouth parts, which iu the male are more or less rudimentary. 
Characteristic is the . prominent hump caused by strong dovelopmont of the 
scutum and reduction in size of the proscutum. Tiie antejiiuc are composed of 
ten to eleven joints. In the female tho eyes are distinctly Htq)aratod, but closely 
set and prominent in the male. Tho palpi are composed of four joints. The 
wings are broad and irridescent, with distinct alulw, and the venation is charac- 
terized by prominence of the costal veins. 

They occur in enormous numbers in favourable localities during late spring 
and early summer in northern countries, and are particularly abundant in tho 
north temperate and subarctic zones and also in the trojnes. 

They breed by preference in running water and shallow mountain streams ; 
sometimes in roadside ditches. Both sexes feed on mammalian blood and arc 
extremely voracious, attacking cattle and man. Tho bites are moat painful. 
In cattle they may cause severe loss of blood and consequent anaphylactic 
phenomena. ^ Death may result from oedoma of tho lungs. 

The eggs, in masses of 300-500, arc laid in water, and are triangular and 
yellow, becoming black at a later stage. Tho larvfle emerge in two or three weeks 
and immediately attach themselves to stones. They are cylindrical, with 
posterior swollen extremities. In colour they are brown to black — consist of 
twelve segments. The posterior end is provided with toothed discj-liko suckers 
composed of two modified parapodia. The pupa attaches itself to aquatic w'oeds; 
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it is encased in a cocoon open at the top from which a pair of branching gills 
emerge. Oxygen is obtained by diffusion through the cuticle. Pupal period is 
5-6 days. Pupae are provided with respiratory filaments attached anteriorly to 
the dorsal portion of the thorax. 

The various species of simuliids in West and Central Africa live under ecological 
conditions similar to those found in Guatemala. It has been noted that the 
African 'species bite low on the body, and there seems to be a relation between 
the position of the bites and the situation of the adults of Onchocerca rolndus 
which they transmit. 

The following species are common in various parts of the world. Simulium 
daw.nosum, the jinja ” fly of Central Africa (Fig. 374) ; S, reytans, Europe ; 

indicum, “ potu ” or “ pipsa ” fly of India ; S. vitiaiuin in North and South 
America ; Eusimulium avidum, E. ochraceum and E. mooseri, vectors of 0. 
volvulus in Guatemala (p. 776), and the last two in states of Oaxaca and Chiapas, 
Mexico, where they are knovm as “ mosquito negrito ” or alazan.” S, damnosum 
and S. neavei are intermediaries of Onchocerca volvulus in Central Africa. The 
larvae and pupae of the latter species are found in Kenya (in cascades of Ivipsonoi 
river) attached to crabs — Potamon (Parathelphusa) niloficus. This is known as 
a phoretic association ” as in other species in association wuth pupae and 
nymphs of the mayfly. 

1VIUSCID.E (FLIES) 

Blood-sucexn^g Flies 

Horseflies, gadflies and deer flies are large insects with well-developed bodies 
■(10-25 mm.) They are strong fliers, notorious pests of cattle and deer, and 
readily attack man, especially Chrysops. The males feed on vegetable juices, 
and do not bite warm-blooded animals. The eyes are very large and widely 



{Partly after Austen ; by j^Brmission of Trustees of Brit. Mus.) 

separated in the female, contiguous in the male. The antennse consist of three 
dissimilar segments ; the third is usually elongated. The venation of the wings 
is complex ; the second longitudinal vein is not forked. The family TahanidtB 
includes gadflies, Tabanus (Fig. 375), Hcemcitopota (Fig. 376), Pangonia (Fig. 
377), and Chrysops (Fig. 378). They are most frequent near water, being semi- 
aquatic in their breeding habits, some breeding in moist earih, or leaf mould. 
Eggs are laid near water in layers, and are narrow and cylindrical (1*0-2 ‘5 nim.), 
vary from 100-700 and'are covered with a secretion binding them tightly together. 
The larvae are slender and cylindrical, have 11 segments, a head, and taper 
at both ends. The pupae resemble those of lepidoptera. Adult flies emerge 
from the pupa case through a slit along the dorsum of the thorax. The male 

Chrysops does not feed on blood. ' 

Genus Chrysops is found aU over the world, but subgenus, which 

contains all the known and suspected vectors of L. loa, is limited to Africa. L . 
sildcea and C. dimidiatci are restricted to rain forests. 
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Tlio brccdiiii; ol‘ O. (fimidiafa and G. tiihrca have only rceciitly been 

discoTored in muddy pools alontj the Kiiniba River in the Cann'roons by Chwatt 
and Jones. 

Chnjsops discalis is grey or yellowish-grey ; in the fcnialo blaek spots arc seen 
on the abdomen. Tho male (8-10 mrn.) is predoniiuatitly bhick, with yellowish- 
errev spots on the abdomen. This liy is a transmitter of tularmniia in Central 
and North America, where it is a comjnon species. 

0, dimidiata (v.d. Wul])) (Fig. 378), a We.st AtVi(‘.an species, is particnlady 
abundant during certain times of the year in Kigeria and the ( lainoroons, and 
acts as an intermediary of Lott loti ([>. OOd). In the (timei'oons 7-2 per cent, of 
wild-caught flies harl)oiir this worm. The face and pal})i are yellow^ ; tlie scutum 
black with yellow stripes ; the abdomen yellow with a dusky bi’own tip. The 
leo-s arc ycliow, with dark tibhe and tarsi. Tli(‘ distal half ol tlui wing is smoky. 

C. silacea (x\ustcn) is a eommon species in West Africa, also an intermediary 



Rg. Z77.--P<imjnni(i riipiii'Uii^ V X IJ. Vig. Z7^,-~(dii'}/wpN ilhn id laid {\ A. 
[Purlhj (tfkr Aiistvn ; by pprmhmtm Wulp.), V X 2.J. 

of 7bv/.v?c('.s’ of Brit, i/ </.«.) 


for Loa loa and is found inlected with this lilaria in Du^ (lanici’oons. It diners 
from the former species in having a red or bright orang(‘ abdoimm and legs with 
dark-l)i’own tarsi. <J. di^iliirfrptomi'i may l-ransndt L. loa in tke Sudan. 

FAMILY 

Cknus Glosslna. (Wiedemann, 1830) “ Tset-se bdies.'’ (Plates IV, V) 

These are large, but naiTow-bodied flies, 0 to 11 mm. long, with a slender 
proboscis projecting forwards to twice the length of the head, eiudoscd in inwardly 
grooved palpi. The wings are long, clear to brownish, with tlm Mh longitudinal 
vein curved sharply forwards to meet a short transverse vciv. This and the position 
of the wings at rest, overla])ping on the back (Fig. 379) arc cdiaracderistio of 
Olossina, distinguishing it from JBfomojeys (Fig- 382), lltvmatopotn or (linjsops. 
The body is dark brown or grey ; the abdomen in .some species is marked by 
well-defined dark brown cross bands, iuterrupiod in the middle line, on a buif 
or grey ground. The proboscis consists of three parts, labrum, hypo pharynx 
and labium (Fig. 380). The bulb of the labium contaiiiR rnust^los which aedivato 
a cutting mechanism at its tip. In feeding, the ])roboseis is inserted up to the 
bulb, and then withdrawn a little before sucking proceeds. TIkj bite of larger 
species is exceedingly painful. 

Tsetse flies are confined to tropical Afiica. Records from the south-west 
corner of Arabia are doubtful. The two most important species, G. palpalis 

^The Editor is indebted to Dr. Kcxiucth Morris, D.Sc,, t'.U.E.S., for conssidcrablc HHWMtaiic'C in tliip 
description of the tsetse flies. 
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G. and morsitans, together cover the greater part of equatorial Africa. The genus 
comprises twenty species, divided by Austen into four groups {se.e table facing 
p. 1052). Five species are definitely known to transmit sleeping sickness in the 
field ; seven are concerned in the transmission of animal tr^'panosomiasis. 
Many can be shown to transmit various trypanosomes in the laboratory, but are 
unlikely to act as vectors in nature, because of their habits. To obtain blood 
the tip of the proboscis is flexed, which enables the blood to be sucked ujj by 
“ pool-feeding.” People become sensitized to these flies and the reaction is then 
intense with ST^ elling and wdieal formation in response to injection of the insect's 
saliva. 

Bionomics.— These flies are adapted to certain conditions T\hich vary with 
the species ; some are just capable of surviving the unfavourable season and 
a comparatively small change may suffice to tip the balance against the fly, and 
even modifications in the vegetational cover are effective. Swynnerton laid 



down that each species needs the concurrence of vegetational tj’pes which are 
necessary for mating, breeding, feeding and sheltering. Hungry flies haunt 
roads and pathways. They do not live in continued association with herds of 
game, but rather feed, then fly away to digest their meal. Each species has its 
own food preference. Their eyes are adapted for detection of movements a? 
distinct from appreciation of form, but scent plays a part in the case of 
G. pallidipes, G. palpalis and G, hrevipalpis. Tsetse flies are dispersed by spon- 
taneous movements along paths and by carriage by cattle and game ; there is 
also automatic dispersal as the result of seasonal expansion, the basis of which 
is hunger. 

Life-history. — The larvae mature one at a time in the abdomen nourished 
by secretion from the highly-branched milk glands which ramify throughout 
the abdomen. They remain in the uterus 10-12 days and, when fuUy developed, 
the female selects a suitable place to deposit them. The larva is therefore 
discharged fully-developed ; when fully-grown it is almost as large as the abdomen 
of the female fly, and is a yello^vish ovoid body composed of thirteen segments 
with two small hooks at the anterior pole and two respiratory protuberances 
at the posterior end (Fig. 381). It burrows half an inch into loose soil or sand, 
or conceals itself under dead leaves. Then it rounds itself up, hardens, and the 
ehitinous covering becomes dark brown. After the pupal stage has lasted 
three to four weeks the fly emerges. The adult female lives 3-6 months, and 
during this period 6-12 larvae are produced. A female tsetse deposits the larvae 
singly, at intervals of about eight days, choosing a shaded spot, where cover 
for the pupating larvae is available in the form of humus, for instance, beneath 
a log. 
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Technique of dissection of glossina.—Thc freshly-kilk^d insect should be 
placed on a slide with the wings and logs removed. To dcinonst/i*atc the salivary 
glands, the 11} should be fastened to the floor of a dissecting trough and enough 
noi’inal saline added to cover it. 

Two incLsioiis arc then made in the thorax : (1) a median longitudinal from 
the neck to the end of the abdomen ; (2) a transverse incision extending in a 
line with tlie bases of the wings, or along the transverse suture. The integument 
of the lateral walls is severed almost to a point near the attacluncnt of the legs 
care })eing taken not to cut too deeply into the muscular tissues. 

A dissecting needle is inserted at cither end of the longitudinal slit, and the 
thorax gently pulled asunder. The muscular tissues are teased out from the 
anterior half of the thorax and head, leaving the glands attaclicd to tlic hypo- 
pharynx and the labium. 

For the removal of the gut, the fly sliould bo placed, vertic'al surface upper- 
most, on a glass slide and a drop or two of Jiorrnal saline added . The integument 
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Fig. 381. —A, Larva of 

Glossina pulpaUs. B, Pupariuin 
{AJkr Honhai((i.) 



mkit mnfi. x 3. 


is gently nicked at the sides as near the cud of the abdomen as possible. The 
lelt hand needle should be placed on the thorax, atul the right hand ono on the 
partly severed end of the abdomen. The latter should be" gently pulled aside 
until all the viscera are dragged out. 


Species.— The most important vectors of human trypanoHomes are G. mlmlis, 
O. morsitans, Q. tacMnovks and, to a lessor extent, G. hmvipilms and 
G, swynnertmi. 

G. pcdpalis, Kob-Desv.— This has a very wide distribution, throughout West 
Airica from Gambia to the Congo and eastwards to Lake Victoria. It requires 
a high humidity (45 to 85 per cent, relative humidity), and temperature 2l'^-32'^ 
C. which, together with food, influence its distribution. It is not found in 
tropical rain forest except in clearings around villages, roads and farms, but 
usually lives close to water. In the savanna country (less than 50'' rainfall) it 
requires the heavy shade found only along water courses. (Seasonal distribution 
IS pronounced ; it is confined to dense evergreen shade and permanent water 
(primary foci) in the dry season, spreading widely in the rains to secondary foci 
of deciduous thickets. Breeding strictly follows this distribution, since exiiosure 
to sun or desiccation is fatal to the puparia. It is most partial to man and 
domestic animals, but also feeds on lizards, monitors, tortoises, crocodiles and 
hippopotami. These seem the main food hosts in West Africa, limiting the 
distribution to the neighbourhood of human habitations, wht^roas in Fast Africa 
It IS able to subsist largely on wild mammalia and reptiles. On large rivers and 
lakes it constantly moves along the banks and will follow canoes far out, but on 
small streams or water-holes the fly populations are stationary and congregate 
^ound small glades or openings in the bush which constitute feeding grounds, 
tlence the danger of small clearings around water-holes, paths or villages, which 
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create artificial feeding grounds with, maximum opportunities for transmission 
of trypanosomiasis. Its distribution and marked preference for human food 
make this species the most potent vector of Trypanosoma gambiense. In West 
Africa it transmits trypanosomiasis of stock also. The subspecies G. palpalis 
fuscipes (inland East Africa to Congo district and Cameroons) is found sometimes 
12 miles from water in areas of humid forest interspersed with elephant tracks. 

It evinces great need for shade and high humidity. On Lake Victoria these 
flies are carried and dispersed by canoe traffic. The pupae are deposited in 
shaded sand of the fly beaches, but during the dry season it contracts its range 
and may then die out spontaneously. Ssp. fuscipes is distinguished by special 
shape of the gonopods ; ssp. martiini (Lake Tanganyilm) likewise. 

O. austeyd^ Newst, 1912 (East African coastal district). — This species favours 
secondary thickets, especially on Biver Juba in Somaliland, which are more or 
less evergreen in the dry season. It breeds in fairly dense cover, but may do so in 
open vegetation and is usually found in miombo forest and thickets, from coast 
level to 3,000 ft. Reluctant to approach man, it feeds mostly on cattle, is active 
1 )y night and is guided by scent. 

G. tachinoidesy Westw. — ^This is found in West Africa north of the coastal and 
forest zones, also in the south-west corner of Arabia. It requires shghtly drier 
climatic conditions than G. palpalis, hence its distribution throughout inland 
savanna, where the primary (dry-season) foci are confined to evergreen bush 
fringing rivers and lakes with permanent water, from which there is a wet season 
extension of 5 to (5 miles to secondary foci along temporary streams or pools. 
It can breed in lighter bush than G. palpalis, but shade and proximity of water 
arc essential. It is very cathohc in its choice of host and is able to subsist 
entirely on rexJtilian blood. It does not form concentrations in the proximity 
of villages, as does G. palpalis, unless this is necessitated by limitations of suitable 
ciover. Tt is an important vector of T. gambiense in the hinterland of West 
Afidca, also of T. vivax and T. congolense among cattle. 

G. 7norsUa7is, Westw. — This is widely distributed throughout equatorial Africa, 
from the Anglo-Egyptian Sudan to Rhodesia in the east, and from Senegal to 
the Congo in the west. In its western range it is represented by the geographical 
race or sub-sx)ecies, 0. morsitans submorsitans, Newst. It is essentially a tsetse 
of savanna, whore it is widespread, irrespective of the presence of surface water. 
It i.s found from sea-level to 5,500 ft. in East Africa. Its climatic requirements 
are 40-00 per cent, relative humidity and a mean annual temperature of 21° C. 
It never occurs within evergreen or intermediate forest. Savanna woodland 
and thorn thicskets (the Isoberldm-Bracliyslegia woodland, or miombo'^) form 
its breeding and resting places, and open grassland and glades between woodland 
arc its Ibeding grounds. It is unable to live in thorn hush, except in regions of 
high rainfall, but in Ngainiland it prefers the thickest vegetational tj^es, breeding 
talcing place on forest fringes. The seasonal concentration of the fly into drj^ 
season foed is less marked in East than in West Africa, where the dry weather 
clitnato (dosoly api)roachcs conditions fatal to the fly. It is essentially a game 
tsetse, d(q)endent on large ungula-tes for its main food supply, though attacking 
man atid (‘-attic readily when in contact with them. Within its chmatic range, 
the prcH(Hiec and movement of fly concentrations is governed by those of game. 
41 k 5 Icediug grounds aro small glades or edges of open spaces and its breeding 
haunts ar<3 beneath fallen logs, in hollows between root bases of trees, in rot 
holes and other dark places. The females travel through savanna more ex- 
tensively than do the males. The latter seldom live longer than 2-6 weeks; 
the frrmor twice as long. Moreover the female population is twice as great and 
th<iy attack man when fly density is at its lowest ebb. Both races, G. momtea 
an(i O, submorsiUmis, disperse when rains commence, but the longer rainy season 
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ill Tangiiiiyiku, results in mufli nioiv (‘xtoiusivo ilispc'rsal than oeriirH in Nigeriji. 
It tends esiiocially t.o attack innving ohjoctH, iollowing game, cattle' or Iminans 
for niilcH. This, a,n(i its habit of entering ea,rs or trains passing through a lly-helt, 
brings the ily int.o towns and villages, and also cause's spirad into tunv districts, 
thongli it is not juirtial to human hlood. Tlu* increase and spn'ad of G. worsitans 
is alarming in many i)ai*t8 of Kast Africa a-nd Inis caused wide ilesoladon through 
loss of cattle : 200,000 sq. mih'S of Tanganyika have la'cn rendered niqirodnctive 
through the jiresonee of this and Uio following two speck's. Its Hi)read is one of 
the main agrienltiiral problems of 'Tanganyika, Nyasaland and Northern Ithodcsin. 
It carries Trj/jxtnosonia catth? and gaim^ tryiianosomes, es|ic(iially 

T. hrncH. 

G. snijnnerloni, Austen.— This lias a local distrihutioii in Tanganyika and just 
into Kenya, hut is of eonsideralile importaiua^ a.s a, vecd^oi* of trypanosomes of 
both man {T. r/iaiksicntiv) and cattle. It w'as involved in an oullireak C)f Hlee])ing 
sickness in Mwarr/a Province, Tanganyika (ser p. I,TJ). A savanna tsetse and 
a gam(^ feeder (the main food hosts are kudu, roa,ii a,iit('lop(‘, giralle a,nd pig), it 
yet freely attacks man, donu'Stie animals, monki*ys and rodents, and so eamiot 
he eonti'olled hy game eradieation. It is sakl t.o he thi' only spc'cii's wdiieh is 
fouiul ill houses. It is found up to d.llOO ft. and hri'i'cls mainly in thieki'ls with 
a rainfall of l()~50 in. This s|K‘ei<‘s is r(^a.dily eoiitrolk'd hy a/pplieations of 
gammexane at 14-day intervals. 

0. jmlUdi'im, Austen.- ddiis has a wide disirihutkm in Kast Africa, Italian 
Somaliland, Uganda, Kenya, Tanganyika, Nyasahind, Nortlu'rn Ithodesia and 
Zululand. It recpuri'S a slightly higher humidity than (L a.nd oeeupios 

dense savanna fon'st and secondary forest. 1 1 is a gam<‘ ri'i'dt'r and an important 
vector of cattle try])anosoniea. Its ])r<‘scnc(^ ri'mk'rs usi'h'ss 1,250 s(|. miles of 
feriilo grazing in the Masai reserve and 3,000 sip mili^s, or half th(' territory, in 
Zuhilaiid. It is found iqi to 0,000 ft. Humidity is a factor in tJu' actiivity of 
this tly. 

(L hnc/i'iKdpii'^^ Wied. — d'his is the W(‘st Africa, n repri'sentuitivi^ off/. palUilipaSf 
oociirring from Senegal to the (Umeroons, in secondary Idlest., c.oastal savanna 
and dense savanna tdrest inland. It doe.s not enter tropical rain forest. It 
subsists mainly on smaller anUdopes, and is a vi'ctor of cattle tryfianosonu's. Jt 
lias occasionally been found natura,lly inrect.ed with T. ga'miyivnw, 

G, brevvp(dpi6, Newst.— This has a wddo distrilnition from Abyssinia to Znluhind 
and westwards to the Belgian Uoiigo, and a similar habitat, to G, palptdw, in 
gallery forest and dense secondary forest, but it can stand slightly drh'r cmulitions, 
ft lives on mammalian hosts, and fronuently atta(d<s man, (uitt.h' and jiigs. It 
may transmit both sleeping si(*,laiess (T. and nagana {T, brum). 

G. lo 7 i(jipmnis, (drt.i.— 'Ifhis is found throughout the dry savanna and thorny 
scrub belt of East Africa, from the Southern Sudan and Italian Somaliland, 
through Konya to Tanganyika. It is not knowm to have been associated with 
any outbreaks of human or animal trypaiioBrnniasis. 

0. JnscUi Walk.— -This is confined to forest regions of West Africa. Jt,s aidivity 
is crepuscular, with a proforenco for horses and cat.tlo ratin', r than man. It has 
been found infected with the trypanosomi'-H of nagana {T. bnicn), 

0. Ju$cipleuri% Austen.— This is the East African roprciHontative of G, fnsca, 
occurring in forest and gallery forest of the Eastern lielgian Uongo and country 
around Lake Victoria. It tends to attack man and domcHtic. stock, and is 
known as a plague in the Masai reserve through its excctuiingly jiainful bite 
which stampedes cattle. It transmits nagana brum). 

G. pallicera, Bigot. — This is distributed fairly widely through Wi^st African 
rain forest. It rarely bites man, so is little noticed and unlikely to bo involved 
in the transmission of human trypanosomiasis. 
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Control measures.— Early diagnosis and treatment of cases of sleeping 
sickness ai-e essential, and especially ‘‘ mass treatment ” by mobile teams, 
examining and treating the total population, village by village, but mass 
treatment alone, without simultaneous entomological measures, has, as in 
French West Atrica, failed to eradicate sleeping siclniess. 

Entomological . — The only effective measure, so far devised, is an alteration of 
habitat by clearing. Two t\^es are used : (1) eradicative, aims at extermination 
of the complete fly community by removing essential plant associations of all 
primary foci over a large district ; (2) protective, to reduce contact between 
fly and man by removing aU fly-belt vegetation from around villages, road and 
river crossings, water-holes, etc. A minimum of 440 yards on each side of the 
object is considered necessary for G. palpalU and G. lachinoides, but this method 
is useless agamst G. morsitans group. Protective clearing at best is an un- 
satisfactory palhative and is apt to go \vTong, whilst had clearing may make the 
conditions worse than before. Before clearing it is essential to have accurate 
knowledge of the species of glossina involved and its exact habitat, and a detailed 
study of the botany of the fly -belt now shows that the fly can be exterminated 
!)y removal of a few definite species of tree. 

The preparation for this kind of work consists of a vegetational, agricultural 
and tsetse survey and selection of lines for isolation barriers to enclose blocks 
of tsetse -infected bush and should consist of (a) naturally open spaces, (6) bush- 
types sufficiently wide, imsuited for the tsetse concerned, (c) continuous wide 
thicket for (?. morsitans and 0 . swynmrtoni. 

In East Africa the four important species to be guarded against are ; G. 
morsitans, G. sivy7inertoni, G. pallidipes and G. palpalis. 

The presence of man appears to repell G. morsitans. Great advances have been 
made m the methods of reclaiming land, especially in Tanganyika. In order to 
convert fly-hush to cultivation steppe definite lines should be made in which the 
bush is cut back and cleared. In thorn savanna infested with G. swymiertoni, 
discriminative clearing is satisfactory, but in plains adorned with lace-work of 
vegetation infested with G. swynnertoni and G. morsitans, a clearing of one mile 
wide should be made along the edge of the thorn bush. By these methods 
during the last twenty years some 1,000 square miles of Tanganyika have been 
freed from tsetse. (Nevertheless two-thirds to three-quarters of the land is still 
infested. In Kenya the figure is about one-seventh and in Uganda one-fifth.) 
Eor the results of DDT, see p. 865. 

Traps. — Harris claimed considerable success in Zululand with a tsetse fiy trap, 
the material for which costs about 30 shillings. This is designed to resemble a cow 
or antelope and consists of a fi‘amew’’ork of light wood, covered by hessian cloth 
roughly triangular in section, with a flat top, 6 ft. long by 3 ft. wide, the sides 
converging to about 3 in. apart, with a narrow open slit at the bottom, the ends 
bejng vertical and triangular. The body is slung on wires, so that the open 
slit is 48 in. from the ground. To the flat upper surface a transparent cage of 
wire gauze, of a mesh sufficient to retain a fly, is fixed. 

Where the cage fits to the flat surface, the cloth is removed and the wire so 
arranged that the flies cannot return to the hollow body of the trap. 

These traps are then suspended on the sunny margins of evergreen bush haunts 
of the flies, and so placed that they throw a separate shadow, and it has been 
found that, in suitable weather, each trap will kill 100-200 flies daily. This type 
has been successful with G. pallidipes and G. palpalis, but is not so with G. 
morsitans. The single screen (S.S.) trap is excellent for G. palpalis and G. 
pallidipes, and where suitable climatic conditions prevail, G. TTiomfaTis is attracted, 
but these traps have been found useless in Southern Rhodesia. 

Swynnerton employed a similar trap, containing a live calf, to which the 
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iies are attracted by secjit. The most effective is a moving screen carried ]jv 
dy-boys, who are able to catch with a net every hy that the screen attracts. 
Hand catcliing is eifective in small isolated fly-belts. Tanglefoot spread on 
clothes or on shields or screens protects labourers from lieing bitten. An 
attempt to iiitroduce a sterile race of tsetse has been made by Vanderplank, 
who crossed G. morsitatis with G. swpnierfoyti, and the cross-mating produced 
fewer pnpie. The male hybrid inseminate females, but there have been no 
offspring, whilst attempts to cross female hylirids with pure-bred males of both 
species have failed. 

In West Africa operations have been directed against G. palpalis and G. 
tdcMnoiihs^ but the most important is connected with the Anchau settlement in 
Nigeria. This has entailed smveys, the construction of roads, clearing 110 miles 
of stream, sinking of w^ells, study of local soils and vegetation, agricultural 
experiments, investigation of native farming methods, census, ' monthly fly 
surveys, and construction of new settlements. Two other campaigns of pro- 
tective clearing have been carried out in Nigeria in 193S in Ivatsina and Zaria, 

By these means it is estimated that 200,000 people have been protected against 
infection. Large-scale experiments in eradication of these two species from 
the savanna forest of the northern territories of the Gold Coast are also in hand. 
Removal of trees and shrubs concerned throughout the whole river system has 
resulted in the disappearance of these flies, especially in the Lawra district in 
the northern territory drained by the Kamba river. 

“ Rod clearings,'' in the West Nile district of Uganda especially, are used for 
the control of G, palpalis fuscipes, extend 10 yards in width on either side 
of the river and project 800 yards in length, with the village or road crossing 
in the centre. The grass is kept short. 

Grass ’firing. — ^Nash advises against this metore which is commonly practised 
ill the dry season as favouring the spread of tsetse. Prohibition has resulted in 
the reduction of the G. niorsitans population in Tanganyika, which may be due 
to the destruction of pupm by ants. 

In Northern Nigeria, climatic conditions are so severe that destruction of 
wmodland by fii'e exclusively reduces shelter needed by G. nmsitans, but them 
is no evidence that it diminishes the G. pallidipes population. 

Ram’ers.— Thickets of the Burtiia-Baphia type may be dense enough to form 
an effective barrier against G. swynnertoni as these flies will not cross them, but 
they need to be more than one mile wide to prevent them from drifting through 
during the leafless season. 

Afforestation with evergreen thicket, as on the edge of a deciduous barrier, 
can be considered as a measure against the advance of G. inorsitans. 

In Tanganyilia it has been shown that a thicket barrier consisting largely of 
Euphorbia terucalli, lOO yards deep, impedes the passage of G. swynnertoni. 

Byrnes' s block method is mainly devised for G. palpalis. Blocks of riverine 
bush, al:)Out two miles in length, aie separated by clearings made 1,000 yards 
wide. Paths are made along the river banks and these are patrolled by catchers 
with nets. In one block hand-catching reduced the numbers caught from over 
5,000 in three months to seven in five months in 1935. Along the shores of 
Lake Victoria the block method, combined with hand- catching, has been instru- 
mental in reclaiming 16 square miles of land, and similar methods have been 
successful along the rivers in Kenya and S. Sudan. 

Game control. — ^The arguments in favour of control by killing off game came 
chiefly from Rhodesia and Bechuanaland, where G. morsitans is concerned. 
It is claimed that anti-tsetao measures shoiild include game control, not to the 
limit of extermination, but by rigid control. Buffalo and wildebeeste should be 
declared vermin. In Southern Rhodesia it is claimed that effectiveness is 
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established on these lines : (1) reduction, of game along the edge of fly-free 
country ; (2) creation of a game-free zone, 10 miles or more wide, beyond farm 
boundaries ; (3) control of motor traffic, of hunters and prospectors. By these 
measures in 1940 and 1041, 36,000 wild animals were shot and the position was 
greatly improved. 

From French West Africa come arguments against game destruction. There 
is no evidence that big game, in a wide sense, can be reservoirs of T, gambiense, 
and at best constitute only a minor reservoir for T. rJiodesiense, 

Social . — Segregation of infected people and movement of the population 
out of infected areas may be used as a last resort in severe outbreaks, or where 
other control measures are impracticable. Control of traveUers passing through 
sleeping-siclmess zones must be instituted. The spread of the morsiians group 
of flies has been prevented by passing traffic through a cleansing chamber on 
leaving a fl3^-belt. Re-population and development of cleared areas inhibits 
re-growth of fly-belt vegetation and re-entry of the fly. Siting new villages at 
primary foci of the game tsetse, after initial measures against the fljr, has success- 
full}^ broken up large fly communities. 



Fig. 383 . — Miisca domestica, 9 X 4. 


MuSCIDiEJ THAT DO NOT StJCK; BlOOD 

The common housefly (Fig. 383), Musca domestioa, is a domestic species ; 
on account of its insanitary habits it acts as a vector of pathogenic micro- 
organisms, especially dysentery bacflli, cysts of Entamoeba histolytica, other 
intestinal protozoa and helminth eggs. 

M. domestica (8 mm. in length) is dark grey, with four parallel black stripes on 
the dorsum of the thorax. Eggs are laid in masses in manure and other refuse, 
hatching in twenty-four hours in hot weather. The larvae are legless maggots 
with large stigmal plates, bearing posterior spiracles on the abdomen. Pupation 
under favourable conditions occurs in five days. The puparium is an elongated 
barrel shape, and in the tropics the pupal stage lasts three days. The adult fl}^ 
lives about one month. Larvae are capable of traversing considerable thicknesses 
— over 3 feet — of soil in order to reach the surface. In the tropics houseflies are 
in evidence throughout the year ; in dry deserts they die off during the hot 
season. In temperate zones they perish in the winter season, but are most 
numerous in the early autumn. Larvae survive the winter buried in decaying 
vegetable matter. The best method of storing manure is to ram it so tight that 
fermentation is intense enough to destroy maggots. 

The nematode worm, Habronema muscce (stomach-worm of horses), is ingested 
by M. domestica in its egg or larval stage, and the embryo continues its 
development in the body of the fly, so that the final stage is found in the 
proboscis of this insect. 
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Saecophagidje (Flesh flies) 

Blowflies ” include blue-bottles, green-bottles {Callijphoridce) and flesh flies 
(Sarcophagidce). The larvae usually feed on dead animals. These flies are 
primaril}' scavengers. 

WoJilfahriia magnifica (Schiner, 1802), the principal sheep-maggot of South 
Europe, measures 10-13 mm., and is ashy-grey, with black legs. The abdomen 
is light-grey with three black spots on each segment. This species is found in 
Russia, and thence to Egypt and Asia Minor. In man, larvsc are found in open 
wounds, nasal fossae, palate and eyes (see p. 843). The larvfe of these various 
muscid flies are identified hy the shape of tlie posterior stigmata. (Fi^. 384.) 

Chrysomyia bezziana (Villeneuve, 1914) is metallic blue with a bright-green 
thorax. The male has reddish-brown eyes closely approximated, and deep 
orange antennae. The larva (12 mm.) is j^-ellowish-white, with slightly pigmented 
extremities. Eggs are laid in diseased tissues w^hilst larvae in wnunds cause 
great destruction of tissues in India and Cochin-China. 

Cochliomijia^ hommivorax (Coq., 1858), syn. C. aymricana (Fig. 385), the screw- 
worm ” fly, is common throughout America as an obligatory flesh-breeding fly. 



Stcmoxy^ cidcitrans. Calliphora vomilona. Cordylohia anthropophaga. 


Fig. 384.— Stigmata of muscid larvae, a means of rapid identification. 

Magnified. 

It was originally thought to be the same as G. macellaria, which is essentially a 
carcass- breeder. It is greyish, with three well-marked dorsal stripes, and 
measures 9-10 mm. It lays masses (300-400) of eggs on the surface of wounds, 
in ears and nasal fossse, and from there larvse are hatched in a few hours. The 
larva (Fig. 386) is white, J in. in length, and formed of twelve segments, with 
circles of minute spirally-arranged spines giving it a screw-like appearance. 
The larvae burrow into tissues, destroying cartilage and bone. Ear or nasal 
fossae may be attacked, and the brain may be penetrated, causing death. 

Cordylohia anthro’po^haga (Griinberg, 1903) (Fig. 387), the Tumbu Fly or Ver 
du Cayor,” is widely spread in Central Africa. It measures 8*5 to 11-5 mm., 
and is yellowish-grey, with black spots on the abdomen and brown wings, and 
resembles Auchraeromyia luteola. The male Cordylohia is distinguished from 
the male of A. luteola by its closely-set eyes. In the female Cordylohia the 
abdominal segments are of equal size, while the female Auchmeromyia has a 
triangular abdomen with the second segment long. They differ in life history 
and habits. Cordylohia is an obligatory myiasis producer and gives rise to 
^ Generic name — CallUroga is recognized by some entomologists. 
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lesions in man or animals. Usually, it is inactive ; when disturbed, it flies away 
with great rapidity. The eggs, wldte and visible to the naked eye, are laid on 
the ground, or on clothing if it is contaminated by urine or sweat. Larvse are 



Fig. 385. — Cochliomyia liominiooraxt female. 



Fig. 386. — Cochliomyia hominivorax, larva, X o. 



Fig. 387. — Cordylohia anthropophaga. 


activated by the warm body of the host, and in the early stages are provided 
with structures, such as cuticular spines to assist penetration of the skin. There 
are three moults or instars (Fig. 388). Development in subcutaneous tissues is 
completed in twelve days. The cavity containing the larvse breaks down to 
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form a swelling, resembling a boil which bursts without much inflammation. 
The larvoe emerge from the s\veliings (Fig. 208, p. 844), which are situated on 
the forearm, scrotum, and other parts of the body ; they fall to the ground and 
pupate in thirty-six hours. The pupa has a characteristic shape with a square 
truncated extremity. Pupal cases are commonly found in rat holes. Tlie adult 
hatches in 10-20 days according to the temperature prevailing. 

Larv^ can be extracted by pouring ^vater over the hole in the skin, thus 
stopping their oxygen supply ; they then extend their posterior spiracles, and 
can be squeezed out. 

The larvae are generally found in densely shaded streams where the course is 
impeded by vegetation and the bottom is covered by decaying leaves, overlaid 
by fine sand. 



Fig. 388. — Adult larva of CordyloUa anthro;pophaga, 
X 6 . {After Brumpt.) 

A, Dorsal view ; B, ventral view ; C, lateral view, 
a, Antennae ; sLa.^ anterior spiracle. 


The adult flies bite chiefly between 8.30 a.m. and 5 p.m. They seldom enter 
houses. They feed on the pool of blood which collects when the tissues are 
lacerated by the proboscis; 18-40 c.mm. are taken at one meal. They probably 
feed about once a fortnight (Gordon). 

The Tumbu fly provides a remarkable example of metazoan immunity. In 
guinea-pigs the degree of immunity produced by previous infection is not general, 
but local. hTo antibodies are present in the serum. Larvae penetrating into the 
immune area die in forty hours, while immune skin grafted on a non-immune 
animal retains and imparts its immunity (Blacklock and Gordon). 

Auchmeromyia luteola (Fabr., 1805) (Fig. 389) is widely distributed throughout 
tropical Africa, from Northern Nigeria to Natal, and also in Southern Sudan, 
in latitudes from 18° N. to 26° S. from sea level to 7,500 feet in dry or wet 
climates. Its general colour is orange-buff, but numerous small black hairs 
impart a smoky appearance. It measures 10-12 mm. with a stoutly -built body. 
The head is large, with the eyes well separated in both sexes. The thorax shows 
two indistinct, dark, longitudinal stripes. The abdomen differs in the sexes, the 
second segment in the female being twice the length of the same segment in the 
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male. In the female the dark band on the second segment is so wide that it 
occupies almost the whole. The third segment is almost black in both sexes. 
The wdngs are smoky-brown with conspicuous venation. Human and simian 
fseces constitute the most important source of food. First batch of eggs is laid 
2-3 weeks after emergence. The larva (Fig. 390), known as the Congo door- 
maggot,” is dirty white, semi-transparent, 15 mm. in length, and composed of 



Fig. 389. — Auchmeromyia luUola, female. 



A BO 

Fig. 390 . — hiitySL qI Audimeromyia luteola. x 5. {After Bnimpt.) 

A, Dorsal view ; B, ventral view ; C, lateral view. 


1 1 segments. The central part of its ventral surface is flattened. At the posterior 
margin of each segment are three short limbs, transversely arranged, provided 
with backwardly toected spines which enable the maggot to move about like a 
caterpillar. The anterior segment is roughly conical and bears a mouth which is 
placed between two black hooks protruding from the apex and curving back- 
wards towards the ventrarsurface. Paired groups of minute teeth are placed 
around two hooks, forming a sort of cupping apparatus. There is a remarkable 
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dorsal diverticulum, corresponding to the food reservoir of the muscicl larva which 
opens into the oesophagus near the anterior end. 

After the larva has fed it forms a conspicuous red object filled with blood. 
After taking its meal it retreats into the cracks in the floor from Avhich it emerged. 
It feeds by scraping with the mouth-hooks until it reaches a blood-vessel. The 
first segment is then retracted and the sucker apparatus applied as in wet- 
cupping. The host must be hairless and remain quiet, e.g., a man asleep. It 
also attacks the ardvark (anteater) and nesthng bii’ds. Larvae are frequently 
found under the mats on which natives sleep and in the earth at a depth of 
3 in. They feed mainly at night, and drop off at once, if disturbed. They can 
be recognized by the characteristic shape of the stigmata or openings of the 
respiratory tubes (Fig. 384). 

When ready to pupate, the larva selects a suitable spot, and lies dormant. 
The puparium is a dark, reddish-brown, oblong body, 9-10-5 mm. by 4-5 rain. 
This stage lasts from two to three weeks. 



Fig. 391 . — Bermatobia cyaniventris, female. 


The adult fly (Fig. 3S7) is usually found sitting motionless amongst the thatch, 
beams and cobwebs of the walls and roofs of native huts and, on account of its 
protective coloration, is difficult to detect. It never bites, but deposits its eggs 
in the crevices of tlie floor, particularly mud-floors, in spots where urine has been 
voided. To avoid being bitten, travellers should sleep on beds or in hammocks. 
Bites are painless. 

Chi:.oropid^ 

These are Hippelates flies, members of the family Chloropidse {Oscinidm) and 
commonly known as “ frit flies.” Small members are known as “ eye flies ” 
because of their liking for the lacrymal and sebaceous secretions, and also for 
blood and pus. They are extraordinarily persistent in their attentions. 

Sipliunculina funicola, the “ eye fly ” of India, Ceylon and Java, is responsible 
for the spread of conjunctivitis. It has been shown by Roy that the seasonal 
prevalence of this fly in Assam closely coincides with that of epidemic con- 
junctivitis, and there is a similar belief for an allied species in Southern United 
States. In parts of California these flies are a veritable pest. 

Hippelates papillipes has been suspected of transmitting yaws in Jamaica 
(p. 602). They are small black flies with aristate antennae. The eggs are 
deposited on decaying organic matter and the larvae feed on the same material. 

H. pusio, known as the “ eye gnat,” or “ mal de ojo,” is particularly abundant 
in Florida and causes great annoyance to men and animals. 
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Oesteidje (Bot-Flies) 

These are non -blood-sucking flies "vnth primitive mouth-parts, parasitic on 
animals and man during their larval stages. Cases of ophthalmomyiasis of man 
have been ascribed to the larvae of head maggots of sheep and deer. Cases 
traceable to Oestrus ovis and JRhinoestrus piirpureus have been reported (p. 843). 

Dennatohia cyaniventris (Macquart, 1843) (Fig. 391), “ ver macaque” or 



cyaniventris \zx\2i i early 
stage. {Blanchard.) 



ffl 

Fig. Dennatohia cyaniventris larva : 

later stage. {After Brauer.) 


“ macaw-Avorm,” is widely distributed throughout South America. The larva 
occurs in the most diverse animals : cattle, pigs, dogs, agouti, jaguar, South 
xA.merican monkeys and birds ; it is rare in the mule and never found in the 
horse. It can complete its development in man and is an example of “ obligatory 
cutaneous myiasis.” In man it is found in the head, arm, back, abdomen, 
tliigh and axilla. When the larvae are hatched out they penetrate the skin and 
produce an inflamed swelling about the aperture of entrance, from which exudes 
a sero-purulent fluid containing the dark faeces of the larvae. At an early stage 
the larva has the curious appearance depicted (Fig. 392) and is known as “ ver 
macaque ” ; and later, when larger (Fig. 393), it is called torcel or herne. This 



Fig. 394 . — Psorophora {J anthinosoma) lutzi, carrying eggs of D, cyaniventris. 
{By courtesy of Tropical Diseases Bureau.) 


myiasis is acquired in a curious manner. On attaining maturity, D. cyaniventris 
lays eggs on w^et leaves in danip places where mosquitoes feed, especially 
Psorophora {J anthinosoma) lutzi (Fig. 394). Other species can take on this 
function mosquitoes : Psorophora posticata, P. tovari and Qceldia longipes ; 
flies : Sarcophaga terminalis, Musca domestical Stomoxys calcitrans ; and a tick, 
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Ainhlyomma cajemiense. Packets of eggs are enclosed in a cement Avhich 
becoming softened by moisture, adheres to the insect’s thorax, and the eggs are 
thus conveyed to man or other vertebrates when the mosquito next feeds. This 
process is known as “ phoresy ” or hitch-hiking. The eggs develop, and the 
larvae, attracted by 'vvarnith w'hen the insect feeds, burrow into the skin and 
develop like cordylobia. 

Eypoderma, the cattlegrub, or “ ox warble,” has the ox as its normal host • 
man is very occasionally parasitized, producing “larva migrans ” (p. 845)! 
Two well-known species are H. lineata and H.bovis, 13-15 mm., widely distributed 
in Europe, Asia and North America. The eggs of both species are deposited on 
the hairs of cattle, hatching within a week. Small larvae then crawl down the 
hairs and bore into the skin. 

Horse bot-flies, GastropMlus, especially G. hcemorrhoidalis, sometimes attack 
man, the larvse burrowing under the skin, causing a creeping eruption. 
Larvse are picked up by handling horses, though there is evidence that the fly 
can actually introduce its eggs directly under the skin. These flies are somewhat 
smaller than honey bees, with small antennae sunken in pits. They are strong 
fliers. Larvae live in the stomach and intestines of horses. Eggs are deposited 
on hairs. 



Fig. 395 . — Pediculus humanus. 
X 5. {After Bruce Cum- 
mings ; hy perinission of Trus- 
tees of Brit. Mus.) 

A. , P. humwnus^ 9 . 

B, P. humamis var. capitis^ 9 . 


Fig. 396. — Phthirtis 
pubis, 9 , showing 
contained ovum. 
X 12. 


Anopltjra (Lice) 

Lice are obligatory parasites and spend the whole of their life on the body of 
some particular host. They cannot live, apart from their host, longer than 
12 hours at 40° C. or 10 days at 5° C. There is a great reduction in the size of 
the eyes and antennae. They have flattened bodies without wings, and an 
indistinctly segmented thorax. The integument is tough, to resist pressure. 
The number of abdominal segments ranges from six to nine, the last being bilobed. 
Spiracles stand out prominently on the sides of the abdominal segments. In the 
male the abdomen ends bluntly, bearing a spine-like penis. The legs are modified 
for holding on. The eggs, or nits, adhere to the body hairs of host, and the 
young which emerge are miniature editions of the adults. The species of louse 
parasitic on man is Pediculus humanus of which there are two races, the head- 
louse, P. capitis, and the body-louse, P. corporis (Fig. 396). These interbreed 
and produce fertile offspring. The egg nits of P. corporis are laid on the body 
hair, hut mostly on the inner surface of clothing. Those of P. capitis are laid 
on the head at the base of the hairs, which grow up with them. The female 
produces about five eggs a day and continues to do so for a month; the eggs 
hatch in eight days at 32° C., but take longer at a lower temperature. The 
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immature louse, or nymph, moults three times, and becomes mature in fourteen 
days. Like the adult, it feeds on blood twice a day. The life span of the adult 
is from four to six weeks. Lice cannot live for any length of time on discarded 
clothing. Under experimental conditions they can survive at the low temperature 
of 5" C. 

Infection with lice occurs through close contact with verminous persons 
huddled together. Lice avoid light, and tend to leave patients with fever and 
sweating, so that this is a factor in the transmission of disease. They also leave 
a body which is undergoing hard physical exercise. 

Lice convey relapsing fever and the rickettsia of exanthemic typhus {R. 
proicazeL'i), and that of trench fever {R. quintana). They also play a part in the 
spread of tseniasis. Dipyllidium caninum is occasionally found in children and 
has as its larval host TricJiodectes cams, the dog louse, and it may also develop 
in P. humamis. 

The third species is PJithirus pubis (Fig. 396), the “ crab-louse,” which lives 
chiefly in the genital and inguinal regions, and is acquired mostly during coitus. 
It is distinguished from other lice by its broad flat body and festooned abdomen 
of six segments. The second and third pairs of legs have massive talon-like 
claws. By these means the louse clings to two approximated hairs 2 mm. 
apart. The life cycle is completed in 27 days. 

The lice of rats and pigs — Hoeniatopimis and Polyplax — also belong to this 
family. 

Prophylaxis. — For destruction of lice in clothes on a large scale the most 
efficient method is by dry or moist heat ; a temperature of 50-55° C. will kiU 
in forty minutes. The application of a hot iron to the seams is useful. For 
practical purposes, clothes should be exposed to 70° C. for thirty minutes. 
Attention must be directed to folds and pleats. 

For head lice the hair must be cut short, and a comb viith square-edged teeth 
{Sacl'er patent), used with soft soap, is useful to remove nits. For destruction 
of adult lice all former methods have now been superseded by DDT or neocid,” 
and for details Chapter LII, p. 861, should be consulted. 



Fig. 397 . — Cimex lectularius 
X 7. 



atus). X 6. 


Hemiptera (Bugs) 

Bed-bugs {Ghnex) have a world-wide distribution. The species parasitic on man 
are Cimex lectularius (Fig. 397), the bed-bug of Europe, and G, hemiptera (rotun- 
datus), the bug of the tropics, which is distinguished by its elongated, narrow 
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abdomen (Fig. 398) . In West Africa a species of another genus — Le'piocbnex houeti 
— attacks man. The body of C. lectularius is broad and flat, the head short and 
broad, attached to the thorax, the antennae four- jointed, and the eyes present, 
but reduced in size. The mouth parts (jointed proboscis) are normally folded 
back under the head. The maxillae are serrated at the tip. Lying in a groove 
between the head and the thorax are short pad-like hemi-elytra characteristic of 
the practically wingless condition. Gimex feeds only on blood, and can resist 
starvation well. The labium does not pierce the skin, but buckles up like that of 
a mosquito. The bodies of bugs give out a, nasty, pungent odour. Bed-bugs 
are nocturnal in their feeding habits, hiding in crevices during the day-time. 
The eggs are shaped like a wine-bottle with a cap, and stuck on. to the surface of 
the crevices of woodwork in houses, beds, mattresses, behind pictures and nail 
holes. Nests can be located by finding the black faeces round holes. 

The females deposit eggs in batches from 10 to 50, totalling 200-500 : they are 
large, yellowish- white, and easily visible to the naked eye. The nymphs resemble 
adults, and are white, with no elytra or rudimentary wings ; they mature in 
about six weeks, if fed at each stage, but each can resist starvation for two 
months. Tinder less favourable conditions, development may be protracted to 
six months or more. Adults may live for many months. Bed-bugs are sensitive 
to high temperatures : even 100° F. wnth a fairly high humidity will kill many. 
The most effective method is fumigation with sulphur. The dosage necessary 
varies from 12-26 ounces per 1,000 cubic feet, with an exposure of at least six 
hours. Sulphur dioxide is cheap and, owing to its smell, free from hazard. It 
kills the active stages of the bug, but a few eggs may escape, and complete 
combustion must be ensured. 

Hydrocyanic-acid fumigation is very efficacious, but dangerous, and must he 
carried out only by skilled persons. For articles of furniture, which cannot he 
boiled in water, an emulsion of petroleum is used : 3 parts of soap to 15 of hot 
water, to which 70-100 parts of oil are added, should be forced into cracks and 
crevices wdth a brush. 

Coal-tar naphtha is lethal to bugs and nymphs, but less so to eggs. The con- 
centration which can be obtained at 60° F. is 0*2 per cent, over a period of 
twenty-four hours. Bugs are also readily destroyed by DDT (see p. 865). 

Though bed-bugs cause a great deal of irritation by their bites, they have not 
been actually proved to disseminate disease, with the doubtful exception of 
relapsing fever, as the experiments of Rosenholz (1927) seemed to show. 

Eeduviid bugs include a number of species which feed on human blood, inflicting 
painful bites. They are classified into four families — Panstrongylus, Eratyrus, 
Triatoma, and Ehodnius, and are confined to America, from 41° N. to 41° S. 
One (T. ruhrofasciata) has a cosmopolitan distribution. 

Those bugs live entirely on wild animals in nests and burrows, but certain 
species become domesticated. Larvae and nymphs are flightless, and can only 
bite human beings in their immediate vicinity, but the adults of both sexes can 
fly considerable distances. When engorged with blood after a feed they void 
from the cloaca into the bite a white oi* dark fluid. This is probably how 
Trypanosoma cruzi is transmitted. Eggs are laid singly. 

The larvae, on emerging, engorge themselves with blood on four occasions, 
undergoing a moult after each ,* they then become nymphs, which, after several 
feeds, moult for a fifth and final time before becoming adult. The whole cycle 
of evolution takes three or four months to complete. 

The life-span is on an average one of three months, and when once infected 
with T. cruzi the insects remain so for the remainder of their life span. 
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PASSTEON-GYLtiS (Eumioister, 1835J Asn TiilATOMA (Wolf, ISUJ) 

The genera Punstronijiilus and Triatonut '^ere :?eiiaratefl by C. Piiito (19C1) on certain characteristics 
of the piobosces and antennae. 



Fig. 400 . — Rhodnius proHxus, adult male. 
X 2J. {After Bnmpt.) , 


Synonym. — Conorkimis (Laporte, 1832J. 

This genus is distinguished by its smooth body and elongated or conical head. 

P. megisins (Burmeister, 1S35) — Brazil — is a domestic species measuring 3 cm. in length. The body 
is black, with red stripes. (Fig. 39U.) The insect has feeble powers of flight. The life-cycle takes a 
year to complete, and the adults can live about six months. 

P. cliagasi (Brumpt and F. Gomes, 191 4j — Brazil — ^lias a characteristic red band on the head, and lives 
in the burrows of Kerodon rup^stris and those of armadillos. This species has been found infected with 
Tijpanosoma cruzi at a considerable distance from human habitations, 

P. diimdiatns (Erichson, 1848) — Brazil, Venezuela, British Guiana, and San Salvador- -is also naturally 
infected with T. crusi and possibly conveys the human disease in San Salvador. 

P. geniadatus (Latreille, lSll>^Paraguay, Brazil, Peru, Venezuela, and French Guiana — is a sombre- 
coloured species, living normally in armadillo burrows ; it transmits T. cruzi to these animals. 

Triatoma infestans (King, 1834) — South America— is a domestic species and lives in cracks in the walls 
of houses or hen-roosts. It is found naturally infected with T. criizi in Argentina. 

T.^ protracta (XJhler, 1894) — the United States, from Utah to Ca^ornia — is known as the kissing 
bug,” and Jives in the burrows of rodents. Under natural conditions it harbours a trypanosome, 
T. neotomce. 

T. riibrofasciata (de Geer, 1773), a cosmopolitan domestic species, can be infected experimentally with 
T, cruzi. It has been suspected, on rather imperfect evidence, of once transmitting kala-azar in India. 

T. sanguisuga (Xecomte, 1855) — United States — is a common domestic species which associates with 
bed-bugs. Under experimental conditions it can be infected with T. cruzi. 

T. sordida (Stal, 1S59) — Brazil, Bohvia, and Paraguay — is a small domestic species met with near the 
banks of the large rivers ; it has been found naturallv i^ected with T. cruzi. 

T. vUticeps (Stal, 1859) — Brazil — is the largest known of these insects, and is a rare species. 


Genus Eratyrus (Stal) 

Eraiyrus cvspidattLS (Stal, 1859) — ^Venezuela — ^is rare, occurs at an altitude of 4,600 feet, and is naturally 
infected with T. cruzi. 


Genus ehodnius (Stal, 1850) 

This genus is characterized by a narrow attenuated head and by elongated antenure (Fig. 400). 

Rhodnius prolirm fStal, 1859)— V enezuela, Colombia, Guiana, Brazil, and San Salvador. This species 
has nocturnal habits, and feeds voraciously on human blood. Normally it lives in the burrows of the 
armadillo and those of a rodent (Calogenys suhniger). 

The adult is capable of flying considerable distances ; the larvae and nymphs live in cracks in the walls 
and in the crevices of pahn trees. 

Under experimental conditions this species can transmit T. cnizif and harbours T. rangeli (Pifano and 
Mayer, see p. 909). 
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SiPHONAPTERA (FlEAS) 

Fleas have laterally compressed bodies and are wingless, with mouth parts 
adapted for piercing and sucking blood. They are active ecto-parasites, almost 
exclusively of birds and mammals, and do not resist starvation. Many are 
moderately specific in their choice of host, but will migrate to another where 
necessary. The female is larger than the male, and in the latter the curved 
recepiaculim seminis forms a conspicuous feature. The eyes and antennse are 
reduced, the latter fitting into a pit on the side of the head. The maxillse are 
short and the mandibles function as cutting organs. Some have combs on the 
head and thorax. The body is contained in plates which represent a fusion of 
sternal, pleural and tergal portions. The ninth sternite is converted into a paired 
boomerang-shaped structure, and superficially looks like a clasper. White eggs 
are dropped by the female indiscriminately and hatch in summertime in three 
or four days. The larva lives in dust, feeds on debris, crumbs and faeces of adults, 
and is an active, footless maggot of a whitish colour, sparsely adorned with 
hairs (Fig. 401). When fully-grown, it spins a cocoon and pupates ; the duration 
of this stage depends on temperature. A resting larval stage occurs, in which 



Fig. 401. — Larva of Xenopsylla cheopis. Magnified. 

{After Bacot and Bidgway, “ Parasitology/') 

it can remain dormant for months. The pupae are similar in shape to the adults, 
and encased in a cocoon. The adult may remain thus encased as a resting adult 
stage or hypopus. Besting adults are probably aroused by vibrations in empty 
houses which have become re-inhabited. Inside the crop, or proventriculus, 
there is a patch of spines, about eight hundred in number, which help to crush 
up the red blood corpuscles of the host. 

There are two main families : — Pulicidce (ordinary fleas), thirty genera, and 
Tungidce (chiggers), a small group. 

Of Pulicidce five genera are important, and the following points are used for 
identification : — 

1. Head and thorax without combs — Pulex or Xenopsylla. 

2. Head, no comb ; thorax with combs — Nosopsyllus (Ceratophyllus). 

3. Head and thorax with comb — Ctenocejihalides {Gtenocephalus). 

4. Head pointed, without eyes — Leptopsylla. 

5. Distinction between pulex and xenopsylla is based on the mesopleural 
plate 

Pulex has no vertical* bar, Xenopsylla has vertical bar. 

Therefore, a flea without combs with vertical \>ex—Xenopsylla: 

But a flea without combs, with antennal groove forming a thickening 
extending to top of head= Pwte. 

Nosopsyllus fasciatus is the common rodent flea of temperate and tropical 
climates, and the dominant rat-flea of Europe. It will attack man in the absence 
of rats. 

Ctenocephalid-es . — 0. canis and C. felis are very similar and interchangeable 
between the dog and cat ; they may also be found on rats. They attack man 
readily. (Fig. 402.) 

Ctenopsylhis {Leptopsyllus) segnis is the mouse-flea and is also found on rats. 

Hoplo'psyllus anomalus infests ground squiirels and rats in the western U.S.A., 
has a pronotal comb, and plays a part in the dissemination of rodent plague. 

Pulex irritanSy the common human flea, has decreased in Europe enormously 
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Fig. 402. — Ctenocephalides canis, male. 
X 16. 


{T. L. Bomford.) 


Fig. 403. — Xenopsylla cheopis, male. 
X 16. 
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Fig. 404. — Biilex irritans — a , male, x 25 ; b, female, x 14. 
{T, L. Bomford.) 
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Fig. 405. — Tunga penetrans [Dermatophylhis penetrans^ Sarcopsylla penetrans ) — 
A, female ; b, male, x 38. {T. L. Bomford.) 
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during the last thirty years but has penetrated many parts of the tropics ; it is 
occasionally found on rats and pigs. (Fig. 404.) 

Xenojpsylla contains 30-40 species and is essentially an African genus ; it 
requires a higher temperature to develop, and exists in heated buildings in 
England, America and Russia. (Fig. 403.) 

X. astia (Rothschild, 1911). — In the male the antepygidial bristle is similar to 
that of X. cheopis, but it is easily differentiated by the shape of the ninth sternite, 
which, instead of being club-shaped, has the appearance of a ribbon, due to 
chitinization of its ventral margin. The outer flap of the organs of copulation 
is narrower than in X. cheopis, and bears fewer bristles. The “ tail ” of the 
receptaculum is so strongly widened near the constriction that it is much wider 
than the head. The eighth segment has more than 30 bristles on the outer 
surface. (Fig. 406, 1.) 

Xenopsylla brnsiliensis (Caber, 1001).— In the male the long Oorsal bristle on the seventh abdominal 
segment in front of the pygidium is placed on a long pedestal, in the female the “ head ” of the recep- 
taeuluni seminis is very much wider than the “ tail.” CFig. -106, 2.) 

A', chfiflpis (rtobhschild, 1903).— In the male the ante-iivgidial bristle is situated on a short pedestal. 
The outer flap of the copulatory oi'gans is sole-shaped ; its upper edge is more carved than the lower* 
and bears 9 or lo bristles on its outer surface, all of them thinner than in X. hrasihensis, and drawn out 
into a lo ng, thin point. The mnth stermte has the appearance of a club, the upper side o f w'hich is llattcned. 

In the female the ” tail ” of the receptaculum is much longer than in the preceding species and near 
the constriction, is distinctly wider than the “ head.” (Fig. 400, 3.) ’ 

A’, cheopis must feed every ten days, except in the adult resting stage and in temperate climates. It 
may hibernate as an adult and so may remain infected with plague throughout the winter, as occurs in 
the case of rodent-flea plague in Siberia. 

Tunga penetrans (Jarocki, 1838), the “chigger flea” (seep. 688, Fig. 128 and Fig. 
405), has a powerfully toothed mandible, a short thorax and slender legs. In the 
female the spiracles are massed at the hind end of the abdomen. In the early 
stages it behaves like other fleas, but when the female is impregnated, it attaches 
itself to the skin, especially of the feet, burrowing deeply with its mandibles 
until it becomes covered with skin with only the spiracles projecting. When 
filled with eggs the body swells enormously. When the eggs are discharged the 
female dies and sloughs away. The egg is oval, about 0*5 mm. in length. A 
larva emerges in three days, resembling other flea larvae, but has a chitinous 
structure on its head, the “ egg breaker ” \\'ith which it slits the egg-shell. Then 
it feeds on organic matter in dust and passes through two larval stages. A pupa 
is formed in 14 days. In the second stage the larva spins a silken cocoon 
within which it casts its skin and becomes pupa. The flea emerges in one week. 
T, penetrans originated in America, and has long been known in West and South 
Africa ; but only comparatively recently in East Africa and West Coast of India ^ 

Importance of fleas to man. — Flea bites may cause severe irritation in 
some individuals. This is largely an anaphylactic response in persons who are 
sensitized; subsequent desensitization may take place. Tapeworm eggs are 
eaten by fleas and encyst in the larva, pupa and adult, e.g., Hymenolepis dininuta 
of rat and Dipylidium caninum of dog. Endemic murine typhus is normally 
spread by fleas in the following rh 3 dihm : — 

rat — rat louse — ^rat — ^rat flea — ^man. 

Plague is essentially a disease of rodents spread by X, cheopis and other fleas 
by the method of “ blockage ” {see p. 267), which is due to their peculiar type 
of proventriculus. X. astia can transmit the plague bacillus, but is not nearly 
so effective as X. cheopis. 

Identification. — Three species of Xenopsylla — cheopis, astia and hrasiliensis, 
are ectoparasites of the rat in India. It is not possible to make out the dis- 
tinguishing features of the three species, unless the specimens are suitably prepared . 
With the aid of a hand lens, the females can be recognized by the shape of the 
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spermatheca after the soft parts have been dissolved by caustic potash, or 
rendered transparent by means of a clearing agent. For the certain identification 
of the males, a compound microscope is necessary, when it can be seen that the 
ninth sternite ends in a sharp point in astia, instead of a flattened projection, as 
in cheopis. The shape of the claspers differs in asiict ; they are more elongated. 
These differential characters can only be relied upon in fleas from the Indian 
area, because in that country only these three species exist. 

After a short preliminary treatment with caustic potash, the fleas are treated 
with alcohol and xylol and placed overnight in a thin solution of balsam in 


J. a^tia. 


X. hrasiliensis. 


X. cheopis. 






Fig. 406.— Diagnostic characters of Xenopsylla rat-fleas. Magnified. 

{After Cragg and Hirst.) 

1, .Y. astia : py^dium of S ; la, pygidium and spermatheca of 9 ; 3, X. irasilievsis: yjgidium of 6 ? 
2a, pygidium and spermatheca of 9 ; 3, X. cJieopis ; pygidium of (J \ 3a, pygidium and sper- 
matheca of 9 • Note shape and size of spermatheca. 

xylol. Slides are prepared by coating the specimens with a thin layer of balsam 
and allowing them to dry overnight in the incubator. The fleas themselves are 
mounted and orientated on the slide , the insects can then be individually 
examined under the microscope in rows of five. 

Prophylaxis.— To rid cats and dogs of these insects they should be washed 
with carbolic soap or a strong lather of “ vermijelli.” Cats that object to water 
may be powdered with naphthaline or dusted with pyrethrum. The floors of 
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the house should be 'vv’ashed with a solution of naphthaline or benzene. An 
emulsion of petroleum which will kill fleas w^hen diluted with water, 1 in 20 or 
more, may be made from soft soap and ordinary petroleum, 3 parts of soap 
being melted by heat in 15 of water, and 70-100 parts of oil added while still 
hot, with much shaking and stirring. The final mixture should be white and 
creamy. For destruction of fleas bj’- DDT, se^ p. 234. 

The initation of flea-bites may be allayed by the application of 1 in 20 carbolic. 
The best repellents for fleas are dimethyl phthalate, Kutgers 612 and indalone. 

Rat flea survey. — This consists of collecting information on an abundance 
of fleas and identifying the species at different seasons. Single rats should be 
caught alive and kept under observation. Fleas should be collected, counted 
and examined. Eats must be kept apart, for if two are together they will fight 
and interchange fleas. The rats are killed so as to preserve all their fleas. The 
trap should be put into a white bag in a chamber filled with cyanide gas, which 
kills rat and fleas together. The fleas should be mounted in pure carbolic. 
Record should be kept of the species and sex of the rat, the species and numbers 
of fleas present. 

Flea4ndex = number of fleas per rat, and is used in making surveys of plague. 


SECTION B.-CLINICAL PATHOLOGY 

I.— CLEANING SLIDES 

New slides are suitable for making blood -films, but only when superficial grease 
has been removed by breathing on them and rubbing briskly with a clean hand- 
kerchief. 

Slides which are dirty or have previously been used should be boiled in soapy 
solution for about half an hour, then washed in several changes of water, dipped 
in methylated spirit, and polished with an old hnen cloth. 

Cover-slips and slides are apt to become frosted when kept for long in the 
tropics ; in order to prevent this they should be stored in spirit. 

II.— CARE OF MICROSCOPES AND GLASS WARE 

In the tropics, especially where the wet-bulb temperatures are high, fungi are 
apt to overgrow the lenses of optical instruments. They may even etch or stain 
the glass and ruin the lenses. Of the fungicides, sodium ethyhnercurithio- 
salicylate is most effective when incorporated in concentration of 0-2 per cent, 
in a black lacquer which is used for coating the interior metal surfaces of optical 
instruments. The aim of the manufacturers has been to improve the sealing of 
instruments and by employing a desiccant to render the use of fungicides un- 
necessary. 

The microscope, when not in use, should be protected by a cellulose acetate 
hood, similar to those used in biological laboratories. The hood is made 
sufficiently high to include a microscope supported by a small wooden table, 
under which is placed a container with calcium chloride to maintain dryness. 
The edges of the hood are made air-tight by cementing with acetone. The 
cylindrical shape of the hood is achieved by attaching three wire hoops to the 
inside with adhesive tape. The hood stands in a wooden box having a circular 
groove J in. wide and \ in. deep, containing metallic mercury, which forms an 
air-tight joint, but is not sticky, like petroleum jelly. This can be supplemented 
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bv rincrs of soft robber bose tacked on to each edge of the groove and which makes 
a closely fitting additional joint into which the hood may be slipped (White, 194b). 

< 10 IMCHES » 



Fig. 407 .— Cellulose acetate hood for protecting precision 
instruments in the tropics. (Courtesy of Tropical Agriculture,) 


III.— METHODS OF PREPARATION OF BLOOD-FILMS 
Thtn Films 

A drop of blood, obtained by pricking the cleansed finger or ear-lobe, ^ is taken 
on to the end of a glass slide, without exerting any undue pressure, and avoiding 
contact with the skin. The drop thus obtained is impinged upon a second slide 



Fig. 408 .— Method of spreading a blood-Film. 


about J in. from the end, and the blood permitted to spread evenly. The spread- 
ing slide should be pushed, at an angle of 45°, to the opposite end of the horizontal, 
leaving a thin and evenly-spread film which should then be allowed to dry, 
(Fig. 408.) An angle of less than 45° makes a thin, and one greater than this, 
a thicker film. (Figs. 409, 410.) 

1 Blood from the ear is not so satisfactory as that obtained from the finger. 
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A lancet -pointed hare -lip pin is a satisfactory instrument for pricking the 
finger. 

Films for differential cell count should be prepared by pressing unevenly upon 
the slide so as to obtain a wave-like film. By this method the leucocytes con- 
gregate at the edges of the waves, thus facilitating enumeration. 

Thick Films 

Ross’s thick film is best made by the aggregation of six drops of blood on 
a slide within an area 5-7 mm. in diameter, which is then spread into an even 
layer. After dehsemoglobinization with water, the resulting film is dried in air. 
It should then be stained with Leishman’s or Giemsa’s stain, as detailed at p. 1076. 

Distortion of blood protozoa and leucocytes in such a film can be obviated by 
use of stains in isotonic solution. The stain should he buffered to pH 6*6 to 
7-0. Retention of some of the haemoglobin is advantageous as it provides a 
pale yellow contrast background. 

Field thick film* — The blood-drop should he about the size of a sixpence 
and thin enough to see the hands of a watch through it. The films should be 
dried and stained when fresh. 

Two solutions are necessary, both isotonic and adjusted to pK 6*6 : — 

Solution, 1 Solution 2 

Methylene blue . . . . 0-8 grin. Eosin 1 grm. 

Azure B . . . . 0*5 grm. Disodium hydrogen phos- 

Disodium hydrogen phos- phate (anhydrous) . . 5 grm. 

phate (anhydrous) . . 5*0 grm. Potassium dihydrogen phos- 

Potassium dihydrogen phos- phate (anhydi*ous) . . 6*25 gmi. 

phate (anhydrous) ..6*25 grm. Distilled water .. .. 500ml. 

Distilled water . . . . 500 ml. 

The dye solutions are stood for twenty-four hours and filtered. Staining is 
performed by dipping the film for one second in solution 1, rinsing in water till 
the stain ceases to flow, then dipping for a similar period in solution 2, rinsing 
in clear water and placing in a vertical position to dry. 

There is some difficulty in differentiating younger forms of tei tian and quartan 
from subtei-tian malaria parasites by these methods, such details as Schuffner’s 
dots being usually invisible. They are, however, very useful for demonstrating 
parasites in scanty infections, especially rings and gametocytes, and also 
spirochsetes of relapsing fever and trypanosomes when these, as so often, are 
scanty (see Plate III, 2, p. 37). 

Films for demonstration of filarial embryos. — An even larger-sized 
drop should be taken (20 c.mm.) and spread so as to occupy an area of ^ sq. in. 
(Fig. 410.) For this purpose the finger should be pricked with a broad-pointed 
needle and the surface of the slide dabbed with four good-sized drops. The 
film is allowed to dry, protected from dust (especially from cotton fibres, which 
may simulate microffiariae), dehaemoglobinized with water, and stained in a dilute 
watery solution of fuchsin (5 drops to 150 ml. distilled water), then examined wet 
under a low power of the microscope. 

Skin Scarification 

Van den Berghe and Chardome (1951) describe an easier and more accurate 
method of diagnosis of malaria and filariasis by skin scarification smears. 

A site is superficially cut so that little bleeding takes place. Finally the 
scarified area is squeezed between the thumb and forefingers. The dermal 
capillary blood then obtained is spread either as a thick or thin film on a slide, is 
stained and examined in the usual way. The microfilarise of Mansonella ozzardi, 
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J9. 2>^rstans, D. streptocerca, W. haiicrofti, Tl’. ynalayi, L. loa and 0, volvulus are 
readily found. It is claimed also that a higher percentage of malaria infections is 
revealed by this method than by examination of thick films. 

Preparations for the Study op Fresh Blood 

A small drop of blood should be taken upon a clean slide, inverted, and allowed 
to come into contact with a clean cover-slip upon filter-paper. If no pressure 
is used, the blood spreads out evenly, the corpuscles tending to congregate round 
the periphery while the centre remains clear. The preparation may then be 
ringed with vaseline, and the blood-cells or contained parasites studied under a 
-j^^o-in. lens. For hving cells (vital staining), a vaseline ring or square of the size 
of a cover-slip is made upon a clean slide. Then a solution of 0*85 per cent. 
NaCl with 1 per cent, sodium citrate tinted with methylene -azur, gentian -violet, 
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Fig. 409.— Successful thin blood-film. Fig. 410. — Thick blood-film. 

or methyl-green, is taken up in a capillary pipette, together with an equal volume 
of blood. After mixing, a small drop is placed in the centre of the vaseline ring 
and immediately covered with the coversHp and pressed down. 

Th^dan blue (Simons)^ is a mixture of saponin and methylene blue and is a 
haemolytic and at the same time a staining agent with two-fold instantaneous 
action. It is employed by mixing blood and stain in wet preparations, examined 
by transmitted light, or by dark ground illumination, or for ordinary films. 
It is useful particularly when parasites are scanty in the blood, cerebro-spinal 
fluid or lymph gland material. For identification of trypanosomes or spiro- 
chsetes it is advantageous as these organisms assume a red colour and with 
haemolysis of the red blood corpuscles become conspicuous. For malaria parasites 
crescents are clearly shown. The use of this stain is recommended especially 
for field work when intensive surveys are undertaken. 

1 Prom Negodateur A.G., MUnchenstein, Switzerland. 


35 



1076 


CLINICAL PATHOLOGY 


IV.— STAINING BLOOD-FILMS FOR BLOOD PROTOZOA AND 
DIFFERENTIAL COUNT OF CELLS 

Leishman’s method. — For this method no 'preliminary fixation is required. 


Preparation, of stain from the poxuder is made with 0T5 per cent, solution of 
methyl-alcohol (acetone-free). In the tropics amyl alcohol is preferable, as 
it does not evaporate so readily. The powder is placed in a glass mortar, a 
quantity of methyl-alcohol added, and then ground down with a pestle until the 
alcohoris saturated. The fluid is decanted off into a clean bottle and a 
further fraction of methyl-alcohol added to the residue in the mortar, which is 
again ground down until as much as possible is dissolved. This process is 
repeated until the whole of the powder is in solution, and sufficient methyl- 
alcohol is Anally added to make up the required volume. 

Staining, — 1. Select the most suitable part of the blood-film and place a 
grease-pencil mark on each side, about 1 in. apart — a method which, in staining 
large batches, results in great economy. 2. Cover the selected part with stain 
by means of a pipette, and leave for a minute, taking 
care that it does not dry. 3. Dilute the stain I in 4 
with distilled water, tohich must not be acid in reaction 
(fresh rain-W'ater may be used), and allow to act for 
a further 5 mins. (See Tribondeau’s test, p. 1077.) 
4. Wash off the stain with distilled water and leave a 
drop on for a minute to differentiate ; then place in a 
sloping position to drain. 

For permanent preparations, Leishman-stained slides 
must not be mounted in Canada balsam, as they 
rapidly fade, unless it is neutral in reaction or dammar 
lac be used; they should be examined, unmounted, 
direct in cedarwood oil, which can be subsequently 
removed by xylol. 

Giemsa^s stain. — It is best to obtain the stain 
already prepared for use by Griibler. The film must 
first be fixed in a mixture of equal parts of absolute 
alcohol and ether for 10-15 mins. 

Staining. — 1. The film should be covered with a 1 
in 20 dilution of the stain (I drop to 19 drops distilled 
water), which is allowed to act for 20-30 mins. 
2. Wash off the stain with distilled water. Place the 
slide in a sloping position to drain, or dry with 
blotting-paper. 

Haematoxylin and eosin. — This method is em- 
Fig. 411. — McKay’s ployed for studying the finer structure of leucocytes, 
method of staining and especially nuclear changes, 
flagellated body. After fixation in alcohol and ether for 10 mins, the 



1, Slide bearing fresh.ly-made 
blood-fllm ; 2, pad of damp 
filter-paper : 3, size of open- 
ing lowing blood-film and 
fonniog ■with the opposing 
slide an hermeticsally sealed 
damp chamber. 


film should be stained with Delafield’s hsematoxylin 
for 7 mins. It should be well flushed off with a good 
flow of tap-water, and left in a running stream for an 
equal period in order to “ blue.” While still wet it 
should be counterstained with a watery solution 
(5 per cent.) of eosin for 30 secs., after which it should 


be thoroughly rinsed in tap-water for another 3 mins, to differentiate. 


Methods of staining the flagellated body in malaria . — A sheet of thick 
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blotting-paper, fenestrated with rows of oblong holes (1 in. by f in.), is prepared. 
It is then moistened with water, and laid smoothly on a sheet of window-glass. 

A patient in whose blood the crescent form of the parasite abounds is selected. 
A clean microscope slide is breathed upon, and the droplet of gametocyte- con- 
taining blood taken up by lightly touching it with the centre of the moistened 
slide. The blood is now rapidly, and somewhat unevenly, spread out with a 
needle so as to cover an area of about J in. by J in. The slide is immediately 
inverted over one of the blotting-paper cells and pressed down sufficiently to 
secure thorough apposition of the slip without bringing the blood into contact, 
either with the moistened paper forming the wall, or with the glass forming the 
floor of what is now a perfect moist chamber. The remaining paper cells are 
rapidly covered with blood-charged shdes prepared in the same way. They are 
removed and dried at intervals of from 5-20 mins, and subsequently stained by 
Leishman’s method. 

McKay’s method. — ^This is an abbreviated, but more effective method. A 
thin film of crescent-containing blood is made upon a thin slide (1 mm. in thick- 
ness, so as to be easily focused through a ^-in. lens). The wet film should be 
breathed upon and then placed face downwards upon a second slide covered 
with a small piece of damp filter-paper with a small central opening. The two 
slides are bound together by elastic bands, thus forming a tightly sealed damp 
chamber. Exflagellation of the crescent can now be observed under the 
microscope, and immediately this occurs the film is dried and stained. (Eig. 41 1 .) 

Tribondeau’s haematoxylin test for reaction of distilled water. — 
Two drops of a saturated alcoholic solution of haematoxylin should be added to 
a test-tube half-fiTled with the water under examination. If it be neutral, the 
purple colour of haematoxylin wOl develop in 2-4 mins. : if alkaline, the colour 
develops immediately ; if acid, it is delayed. 

V.— VARIETIES OE BLOOD-CELLS AND THEIR SIGNIFICANCE 

(Plate XXV) 

The average total leucocyte-count, made by a Thoma-Zeiss hsemocytometer, is 
7,000 per c.mm. of blood. A rise to above 10,000 indicates leucocytosis, a fall to 
below 5,000 leucopenia. In a differential leucocyte- count, at least 300 cells 
should be counted under the ^J^-in. immersion lens, and by means of a movable 
stage the preparation should be moved from side to side, so as not to traverse 
the same field twice. 

Neutrophil polymorphonuclear (or microphage) (12 p.). — ^Normal 
proportion, 60-70 per cent. ; average, 67. With Romanowsky stains, neutrophil 
granules usually stain slightly acidophil. Variation in shape of nuclei is due to 
subdivision of the nucleus from one to four or even more lobes, affording some 
indication of the age of the cell. Thus, a count of these cells according to the 
numbers of lobes is an aid to diagnosis known as the “ Arneth index.” A shift 
to the left is found in liver abscess, pneumonia, relapsing fever, or, indeed, in 
any septic process. 

The precursor of the polymorphonuclear is a bone-marrow cell, the myelocyte, 
of which mature individuals contain granules and mitochondria. 

Eosinophil (12-14 p)'. — ^Little larger than the polymorphonuclear, these 
cells contain coarse eosinophil granules. Usually, the nucleus has not as many 
lobes as the polymorphonuclear, two being about the average number (“ spectacle 
arrangement ”). The normal proportion is 2-4 per cent. ; average 3 per cent. 
Eosinophils are increased in most helminthic diseases — ^in ancylostome, dracun- 
culus, and clonorchis infections, 5-10 per cent. ; in filariasis and paragonimiasis. 
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10-20 per cent. (L. loa infections possibly 60 per cent.) ; in schistosomiasis 
and trichiniasis, 20-60 per cent, of the total leucocyte-count. On the other 
hand, in ascaris and diphyllobothrium infections there may be no appreciable 
increase. 

Basophil (10-12 (jl).— This is slightly smaller than the polymorphonuclear. 
The nucleus is kidney -shaped, or slightly lobulated. The cytoplasm contains 
large purple granules which often obscure details of the nucleus. Usual pro- 
portion is 0-5 per cent. 

Lymphocyte.— This is derived from the lymph-glands and other collections 
of lymphatic tissue. The I yinphoblast contains an oval nucleus, poor in chromatin, 
uith a reticular structure, coarser and more stippled than the myeloblast, and 
is found in acute lymphatic leukaemia. The normal proportion is 19-30 per 
cent. ; average, 23. The small lymphocyte is 5-8 p. ; the large 12-15 p, though 
the latter is assumed to be the immature form. This cell is normally increased 
after physiological digestion, in undulant fevers, pellagra, typhoid and allied 
fevers, and relatively also in kala-azar. 

Large hyaline, or mononuclear (monocyte-macrophage, and transi- 
tional). (16-22 (jl).— Normal proportion, 3-8 per cent.; average, 6 per cent. 
This cell is increased in protozoal diseases — trypanosomiasis and malaria ; in 
the latter it often contains ingested haemozoin. Should the ear be selected for 
obtaining blood, it is important that no drop earlier than the third should be 
used, for it has been shown that these cells tend to accumulate in the capillaries 
of the ear, if the local circulation is slow. It is now understood that large 
mononuclears are derived from the spleen and bone-marrow and are not related 
to the lymphocyte. Therefore “ transitional cells ” must be regarded as mature 
mononuclears. The cytoplasm contains fine reddish-blue granules. 

The monocyte has to be distinguished from the clasmatocyte. The former 
originates from the reticulum: the latter from the endothelium. They both have 
the same morphology, staining reactions, and nuclear structure, as shown by 
ordinary stains, but in vital staining, the clasmatocytes take up trypan-blue, 
while monocytes do not. 

A proportion of 15 per cent, or more of these cells may be considered a reliable 
aid to the diagnosis of malaria ; 10 per cent, may occur in a normal person, and 
any increase above this calls for further investigation. There is an increase of 
monocytes during the pyrexia of a primary malarial attack, but a lympho- 
cytosis is associated with relapse. 

Leucocytes in childhood. — These are more numerous than in the adult ; 
12,000 per c.mm. is the average number throughout infancy. The percentage 
of lymphocytes is doubled, that of the neutrophils is halved. The adult pro- 
portion is reached about the tenth year. 

Normal red cell (erythrocyte). (7*2-7-5 p).— Normal number, 5,000,000 
per c.mm., or more. They are biconcave discs, and therefore thinner in the 
centre than at the periphery. Erythrocytes are derived from reticulocytes in 
the bone marrow. The cell membrane of the latter is sticky, so that the cells 
adhere to one another and to the capillary wall. In the process of maturation 
this property gradually diminishes. Abnormal red cells are known as ovalocytes, 
and elongated forms as sickle-ceUs (p. 27). A total red count, computed from 
64 squares on the Thoma-Zeiss h 3 emoc;^ometer, of under 3,000,000 denotes 
severe anaemia, and is usually accompanied by changes in the red cells — e.g., 
in malaria, blackwater fever, sprue, ancylostomiasis and Oroya fever. 

Distinctive forms of red ceU, reticuhcyieS) are young red cells formed from 
normoblasts by fragmentation of the nucleus. They constitute a constant sign 




NORMAL AND ABNORMAL BLOOD CELLS 

X 2,000 {LeisJiman's simn) 

Plate XXV 






PLATE XXVI 


EGGS OF THE COMMONER HELMINTHS 
FOUND IN MAN. X 400. 

1 . — Fasciolopsis huski. 

2. — Paragon imus ringeri. 

3. — Heterophyes Jieterophyes. 

4. — OpistJwrchis felineus. 

5. — Clonorchis sinensis. 

6. — Metagonmius yokogawai. 

7. — Ascaris himhricoides (external aspect). 

8 . — „ ,, 

9 . ,, ,, (unfertilized egg). 

XO. „ „ (decorticated egg). 

1 1 . — Schisioso rna hce niatobiu m. 

X2. — ,, rnansoni. 

13. — ,, japonicum, 

14. — Ancylostoma duodeiiale. 

15. — Trichostrongylus coluhrijormis. 

10 . — Tcenia solium. 

17. — ,, saginata. 

18 . — Trichuris trichiura. 

] 9 . — Enterobius vermicularis. 

20. — Hymenolepis nana. 

21. — Diphyllobothrium latum. ^ ui \ 

22 —Heterodera radicicola (non-parasitic, ingested with vegetables). 
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of blood-regeneration, and are supravitaUy stained by cresyl-blue. They are 
larger and stain more Ughtly than mature red cells and their stroma contains 
a blue-staining reticulum. In normal blood these cells amount to 1 per cent., 
but during blood-regeneration they may reach 20 per cent, or more. 

Anisocytosis denotes variations in size of red cells ; it is found m various 
conditions of anaemia, especially of the pernicious type. Poikilocytosis 
denotes pear-shaped distortion of cells, giving the idea of fragmented corpuscles, 
and is found in anaemic conditions. Spheroc^osis denotes increase of thick- 
ness as in acholuric jaundice where the cells stain densely. 

Megalocytes. — These are red cells of increased size, 7*2 to 7*5 p. in diameter, 
and abnormal shape, generally associated with microcytes which are red cells 
smaller than the normal. Megalocytes occur in the blood in the severe anaemias 
of blackwater fever, subtertian malaria, Oroya fever, sprue, and pernicious 
anaemia. 

Normoblasts. — These are seen in small numbers in normal blood, and are 
increased in severe anaemias — e.g., malarial cachexia, blackwater fever, sprue, 
ancylostomiasis, kala-azar, and Oroya fever — and in severe helminthiasis. The 
nucleus is sometimes double or bilobed, and the protoplasm of the cell is 
usually polvchromatophilic. Supravital staining shows a well-marked reticulum 
in the cytoplasm. These cells are generally present in considerable numbers 
in spleen and bone marrow punctures in kala-azar, severe malaria, visceral 
schistosomiasis, pernicious and splenic anaemias. 

Polychromatic degeneration of red cells.— This is a phenomenon found in 
subtertian malaria, blackwater fever, and severe anaemia. The term ^oly- 
chromasia denotes degeneration of the red cell, the cytoplasm of which stains 
light blue ; when severe it is generally accompanied by the formation of poly- 
chromatic, or basophilic, dots. It is now generally accepted that polychromasia 
and stippling are both manifestations of reticulation, so that polychromatic cells 
in a Leishman-stained film and reticulocytes of a supravitally-stained film 
are considered identical. Polychromasia is found in malaria, Oroya fever, 
pernicious anaemia, ancylostomiasis, and lead-poisoning. In thick films the 
depth of colour of the blue background has been found to afford some indication 
of the extent of reticulooytosis. 

Megaloblasts. — ^These are abnormal nucleated red cells found in severe 
anaemias of the pernicious type, including some diphyllobothrium infections ; 
their size is sometimes twice that of a normal erythrocyte. The cytoplasm is 
non -granular and deeply basophilic, the nucleus large and pale, occupying more 
than half the cell body, which contains no haemoglobin. 

Howell Joly bodies. — ^These are small blue chromatic dots in the centre 
of the erythrocyte, and denote nuclear remains. 

Cabot’s rings . — A central circular ring is frequently seen in erythrocytes in 
anaemic blood, and considered to represent part of the nuclear envelope. 

Demilunes (Sergent). — These are intracorpuscular vacuoles. 

Blood-platelets (3 p. in diameter). — ^These are round, oval, or rod-shaped, 
according to the viewpoint, but variability in size is a feature of essential throm- 
bocytopenia. When resting on red cells they may simulate malaria parasites, 
but there is always a clear zone due to surrounding pressure (Plate XXV , Pig. 15). 
When drawn out in making the film they njay simulate a trypanosome. They 
are generally found in masses or in strings, are coated with adhesive substance, 
and cling to any stationary object. Their function is connected with blood 
clotting. 
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VI —MICROSCOPICAL EXAMINATION OP THE F^CES AND FOR 
EGGS OF INTESTINAL PARASITES 

The eggs of tapeworms, with the exception of Diphyllobothrium latum, 
and threadworm {Enterobius vermicularis) (Plate XXVT, 19) are rarely 
found in the stools, as these parasites do not, as a rule, part with their 
eggs until the segments of the former, or the entire body of the latter, have 
left the alimentary canal. Occasionally, the eggs of hepatic and intestinal 
parasites, such as Schistosoma hcematobium, S. mansoni, S- japojiicum 
(Plate XXVT, 77, 72, 73), Clonorchis sinensis (Plate XXVI, 5), Fasciola 
hepatica, Fasciolopsis huslci (Plate XXVI, 7), Heterophyes heterophyes (Plate 
XXVI, 3), and of rarer helminths, are encountered. 

The microscopical examination of faeces for eggs is by no means difficult. 
Place on the slide a minute portion of the suspected faeces, the size of a hempseed, 
and apply the cover-glass, gently gliding it over the slide so as to spread out 
the mass in a thin, fairly uniform and transparent layer. 

The points to be attended to in the identification of eggs are size, shape, colour, 
thickness, roughness, smoothness, and markings on the surface of the shell ; the 
presence or absence of yolk spheres, of a differentiated embryo, or, in the cestodes, 
of the three pairs of embryonic booklets ; the existence of an operculum in 
certain trematodes and in the broad tapeworms {Diphyllobothrium). Eggs of the 
same species of parasite vary slightly, but are in every instance sufficiently stable 
and definite for correct diagnosis. 

Of the three common nematodes — Trichuris trichiura (Plate XXVI, 18), 
Ascaris lumhricoides (Plate XXVI, 7), and Ancylostoma duodenale (Plate XXVI, 
7 4 ) — ^the eggs of the first are the most frequently met. Those of T. trichiura occur 
sometimes in enormous numbers, as many as six or eight speciments being visible 
in one field of an inch-objective. They form rather striking objects under the 
microscope. They are oval, measuring 51 to 54 [jl by 22 p, the ends of the long 
axis of the oval being slightly pointed, and tipped with a little shining projection 
or plug. Their general appearance suggests an elongated oval tray, the projec- 
tions at the poles of the ovum representing the handles. They are dark brown, 
sharply defined, doubly outlined, and contain no differentiated embryo. 

Eggs of Ascaris lumbricoides are considerably larger (50 to 75 p by 40 to 50 p) 
than those of trichuris. Als a rule they are more spherical or, rather, more 
broadly oval; occasionally they are almost barrel-shaped. Like those of 
trichuris, they are dark brown from bile-staining, but they are much less sharply 
and smoothly defined, possessing a coarse thick shell, which is roughened by 
many warty excrescences. The yolk contents are not always easily made out, 
nor, when made out, can any indications of embryo or segmentation be dis- 
covered. In certain instances the eggs are smooth on the surface, the rough 
outer layer being almost or altogether absent. In this condition they are 
unfertilized. 

A point of practical importance is that the rough outer layer of the shell of 
the egg of ascaris is very easily detached, leaving it with a sharp, smooth outline 
suggesting some other species of parasite. To obviate this, in mounting faeces 
it is well to avoid too much gliding of the cover-glass over the slide. 

Eggs of Ancylostoma duodenale contrast very markedly with both the foregoing, 
particularly in colour. Trichuris and ascaris eggs are invariably dark and bile- 
stained ; those of the ancylostome are beautifully clear and transparent, measure 
55-60 p by 32-40 p, and have a regular, somewhat elongated oval form, with a 
delicate, smooth, transparent shell, through which two, or four, or eight light-grey 
yolk segments can be distinctly seen. Eggs should be looked for soon after the 
faeces have been passed ; otherwise, owing to the rapidity with which, in favour- 
able circumstances, development proceeds, the embryo may have quitted the 
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shell and the egg be no longer visible. The eggs of Necator ammcanus cannot 
be differentiated from those of A, duodenale with certainty. The eggs of Tricho- 
strongylus colubriformis also resemble those of A . duodenale, but they are relatively 
larger and contain a fully segmented morula (Plate XXVI, 15). 

The eggs of Heterodem radicicola, which have a characteristic appearance 
(Plate XXVI, 22), have been noted from time to time in the faeces of otherwise 
normal individuals since their discovery by Kofoid and White in 1919. 
H. radicicola is a common root -parasitic nematode living in a variety of plants, 
such as radishes, celery, carrots and turnips ; it is therefore apt to be encountered 
in the excreta of individuals who have ingested these vegetables. Of conspicuous 
asymmetric appearance and size, 95 p. by 40 p, it might well be regarded in 
human faeces as an indication of nematode infection of the intestinal canal. 
A feature of the egg is the presence of two highly refractile, flattened, bluish- 
green globules at the poles of the embryo. As a rule they are kidney-shaped, 
and can pass uninjured through the alimentary canal. 

The eggs of the cestodes may be distinguished from those of the nematodes 
and trematodes by their circular outline and, as a rule, by their smaller size. 

The eggs of T. saginata and T. solium, which are indistinguishable from one 
another, are provided with a single brown striated outer membrane, which 
encloses a ciliated six-hooked onchosphere (Plate XXVI, 16, 17). On the other 
hand, Hymenolepis nana eggs (40 p.) have two transparent membranes (Plate 
XXVI, 20). Individual eggs of T. saginata are more ovoid than those of T. solium, 
and measure 30 p. in diameter. Eggs of Diphyllobothrium latum (70 p. by 45 p) 
are translucent, oval and provided with an operculum (Plate XXVI, 27). 

A simple method of counting hookworm eggs (Wilkins). — thick slide, 75 mm. by 
25 mm. by 1*7 mm., is cut into three equal pieces. The two end portions are 
cemented \vith Durofix to the ends of another slide, leaving a space about 25 mm. 
square, over which another slide about 20 mm. long is eventually laid, enclosing a 
space of more than 1 ml. capacity. A 1 ml. pipette, graduated in hundredths, is 
cut into five short lengths, each containing 0*2 ml. Then, a piece of galvanized 
wire, which will fit the bore of the pipette, is cut into pieces 4 mm. long, one end 
of each being bent over in the form of a handle, and the other end being Sled 
off square. 

The stool is stabbed with a piece of pipette until this is filled to the 0-1 ml. 
mark. It is pressed down and twisted, the excess being wiped off. The fseces 
are pushed out with a piece of wire on to the prepared slide with 0*9 ml. of 
saturated salt solution. Glycerine is then added slowly from a heated graduated 
pipette ; the fsecal emulsion is covered with the top slide and put aside for 
30 mins, to permit eggs to float up. All eggs in the area covered by the emulsion 
are counted. The result, multiplied by 10, gives the number of eggs in each 
ml. of stool. 

Methods of concentrating helminth eggs. — Clayton Lane devised a technique, 
known as the “ flotation method,” which is accurate and useful in the mass 
diagnosis of ancylostome and, to a certain extent, of other helminth infections. 
The eggs are collected from 1 ml. of fseces by “ direct centrifugal flotation.” 
The aim of the apparatus is to keep fixed upon the centrifuge tube a square 
glass cover which will collect the floating eggs, and which is held in place by a 
cover-slip of such a shape as to prevent movement and leakage, and yet permit 
ready removal of the cover for direct microscopical examination, thus making 
the area of collection and examination identical. (Hg. 410.) The centrifuge 
tube is a glass cylinder, 4| in. long by J in. in internal diameter, closed at the 
bottom, and with the mouth ground off flat at right angles to the long axis of 
the tube. The cover is held in position during centrifliging by a cover-slip. 
The centrifuge is fitted with an axial tachometer, which records the speed at 
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which the instrument is being revolved. The centrifuge tube is suspended in a 
metal bucket of in. internal diameter. Two such buckets are employed, 
each containing a centrifuge tube, fitted at the upper ends with metal prongs 
which hold the glass overslips in position. Fseces (1 ml.) are first disintegrated 
by vigorous shaking in water in a closed tube, and centrifuged for one minute 
at 1,000 revolutions ; the supernatant fiuid is decanted, and a solution of salt 
of a specific gravity of 1,150 added, and centrifuging is repeated for thirty seconds 
at 1,000 revolutions ; the tube should be filled so that the saline lies in contact 
with the under-surface of the cover- chp. The eggs adhere to the under-surface 
of the glass, which is carefully removed and examined as a “ hanging-drop ” 
preparation. 

Direct centrifugal flotation gives a greater and more reh'able concentration 





Fig. 412. — Clayton Lane’s centrifuge. Greatly reduced, 

{As supplied by Messrs. £. B. Turner & Co.) 

than any other method ; the examination area is about \ sq. in., and the whole 
process is carried through in a few minutes. 

Zinc sulphate centrifugal fiotatimi for concentration of helminthic ova and 
protozoan cysts (Faust’s method, modified by Watson). — For this method, which 
is highly recommended, the following technique is employed : — A sample of 
stool, the size of a pea, is placed in a glass centrifuge-tube and broken up to 
form a fine suspension in distilled water. It is then centrifuged for three minutes 
at 1,500 revolutions per minute, using an ordinary laboratory centrifuge with a 
radiums of in. Supernatant fluid is then removed and the process repeated 
until it is clear. Zinc sulphate solution (33 per cent., sp.G. 1-18) is poured into 
the tube and the packed sediment is broken up into a uniform suspension. Then 
a chemically clean circular cover-slip, of slightly greater diameter than the glass 
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tube, is smeared on one side with a thin film of Mayer’s egg medium {white of 
egg 50 ml., 50 ml. glycerine, salicylate of soda 1 grm., shaken well together and 
filtered) and pressed firmly on top of centrifuge tube. The suspension is again 
centrifuged for three minutes at 1,500 revolutions per minute. The cover-slip is 
carefully lifted off the top of the tube and placed, prepared-surface down- 
wards, on a drop of Weigert’s iodine solution on a slide. 

Simple flotation method {Hung), — Two grammes of faeces are carefully rubbed 
up with a glass rod and saturated salt-solution ; the mixture is poured into a 
watch-glass or wide tube, which is filled to the brim. A slide, or cover glass, is 
placed in contact with the fluid and aUowed to remain for ten minutes. When 
ancylostome eggs are present they will be found adhering to the under-surface 
of the slide or cover-glass. 

Aex method {Faust's method simplified). — ^In the Aex method of Loughton and 
Stoll 56 ml. of tap water are placed in a Stoll flask and 4 ml. of faeces, emulsified 
in water, added. The whole is vigorously shaken with glass beads to produce a 
homogeneous product. 1*5 ml. of this is placed in a 15-ml. centrifuge tube and 
to this are added 3 -5 ml. of 20 per cent, hydrochloric acid. After stopping with a 
rubber plug the mixture is shaken for one minute then put aside. Next 5 ml. of a 
mixture of ether and xylol in equal parts are added and the whole is again shaken 
for one minute and centrifuged at 1,800-2,000 r.p.m. for two minutes. The 
material collected on the walls of the tube is carefully removed by a thin piece of 
wood, the supernatant fluid is poured off and one drop decinormal NaOH added to 
the deposit. Some of this is removed by a capillary tube and examined. This 
method is best for Ancylostoma, Trichuris and Ascaris eggs and for Strongyloides 
stercoralis. 

Fullebom^s method for detection of schistosome eggs in thefceces. — The diagnosis of 
intestinal schistosomiasis {S. mansoni and S. japonicum) by detection of the eggs 
in the fseces is not always easy. Faeces of the volume of a hazel-nut are placed 
in a conical glass, carefully rubbed up with a glass rod and a little 2^- per cent 
salt-solution, and put away to settle, in the dark, for five minutes. The solution 
is poured off from the sediment, and the process repeated two or three times 
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The schistosome eggs remain in the sediment, which is flooded with distilled 
water at 120° F. and exposed to a bright light. 

The miracidia now escape from the eggs, and can easily be detected with a hand 
lens, particularly against a dark background. On adding a few drops of per- 
chloride of mercury solution, they are killed off and are found in the sediment. 

Microscopical examination and recognition of various elements in 
the faeces. — Blastocystis hominis (Fig. 413). — Sometimes during examination of 
fieces, a yeast-like organism — Blastocystis — simulating an amoebic cyst, but less 
refractile, is encountered. {Plates XXIII, XXW.) Each cell contains a large 
central vacuole, while the cytoplasm is reduced to a thin layer in which are 
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situated one or t’wo small iodophilic nuclei at each pole. The cytoplasm contains 
refractile globules of volutin which should not be mistaken for the nuclei, Blas- 
tocystis multiplies by gemmation and rapidly increases in culture media such as 
are suitable for E, histolytica^ unless dextrose has been added. The organism 
varies a good deal in size and shape ; single cysts measure from 5-20 y. in diameter. 
This organism has no pathogenic significance. 

Muscle-fibres i derived from meat, practically always occur in the stools, and 
are recognized by their cross-striation. When present in large numbers they 
indicate defective intestinal digestion. (Fig. 414, 2.) 



Fig. 414 .— Microscopic appearance of common objects in the faeces. 

X SOOdiam. 

1, Casein and fat droplets : 2, muscle-fibres ; 3, soap crystals ; 4 crystalline fatty needles; 5, choles- 
terin crystals ; 6, Charcot-Leyden crystals ; 7, truffle spores ; 8, portions of liusks of cereals ; 
9, hairs'of wheat grain ; 10, spores of fungi : 11, cells from pericarp of peas , 12, parenchyma of 
beans ; 13, endosperm of rice , 14, vegetable spirals. 


Connective tissue, derived from meat, somewhat resembles mucus ; it is dis- 
tinguished by striation, which disappears on addition of acetic acid. When it 
is present in large masses, defective gastric digestion may be inferred. Elastic 
fibres have no significance. 
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CLINICAL PATHOLOGY 


Starch granules, derived from fruit and potatoes, are stained blue by iodine 
solution. They vary in size and shape, according to the food from which they 
are derived. Well-preserved granules with concentric markings are seldom 
seen. They are often enclosed in a cellulose coveting, and can readily be 
recognized, except those from peas and beans, which roughly resemble 
tapeworm eggs. 

Excess of starch is pathological, and such a stool is usually acid and shows 
signs of gas-bubbles, fermentation, and yeasts. The iodine test may be applied 
to ascertain the extent to which starch has been digested. A blue colour indicates 
unchanged granule.s : red, that digestion has begun. 

Detritus derived from fruits and vegetables is easily recognized by spiral ducts, 
areolar tissue, vascular bundles and pigment cells. 

Neutral fats, derived from fat, are recognized as coloiudess, highly refractile 
droplets, or sometimes as irregular bile-stained masses which are stained by 
Sudan III and are insoluble. 

Fatty acids, derived from fat, occur as sheaves of colourless acicular crystals, 
which melt on being warmed and dissolve in ether. (Fig. 414, 4.) 

Soaps from the fat of food occur as greasy-looking amorphous masses, 
or sometimes as needles, which are thicker and not so long as those of the fatty 
acids. They may he colourless, or stained with bile-pigments. Insoluble in 
ether, as are fatty acids, they do not melt on being warmed. If the film of faeces 
on a slide is treated with acetic acid and heated fatty acid crystals will separate 
out. (Fig. 414, J.) 

Fats may be distinguished from mucus or from vegetable material by the 
following rough test : prepare a smear of the stool on a slide, put on a cover-slip, 
and press the latter down on to the smear ; should the material be of fatty 
composition, the cover-slip will remain in place ; if vegetable detritus or mucus, 
it will spring back when pressure is released. (Fig. 414, 7 .) 

In a normal stool, fat is present almost entirely in the form of amorphous 
masses of soap, less often as crystals. Neutral fat is normally absent. 

Mucus occurs as transparent shreds, sometimes bile-stained. It has always a 
pathological significance and, when it contains leucocjrtes and epithelial cells, 
indicates intestinal ulceration. 

Intestinal sand.— Baxid grains in the fseces of persons who live in deserts are 
extremely frequent, but sand-like material is a pathological product sometimes 
present in diverticulitis. 

CharcoULeyden crystals are frequently found in stools containing entamoehse. 
(Fig. 414, 6.) These crystals have a chemical connection with eosinophil cells; 
they are therefore most evident in diseases with an eosinophilia. Originally seen 
in leuksemic blood, they are recorded in smear preparations from periarteritis 
nodosa, trichiniasis, intestinal infections, and in localized collections of eosinophils 
in nasal polypi and skin blebs. 

Pseudo-parasites . — It frequently happens that orange-pulp is mistaken for 
trematodes, banana fibres for small tapeworms, pieces of cotton-thread and 
celery for Enterobius vermicularis, Ancylostoma duodenale, etc. In microscopic 
diagnosis numerous objects may be mistaken for helminthic eggs, and it is 
important that the tropical worker should be able to recognize various articles 
of diet as they appear in the stools. The spores of truffles, which occasionally 
are seen in the fseces, may be mistaken for eggs of Ascaris lumhricoides, owing 
to their size (42-66 and rough surface. (Fig. 414, 7.) The spores of 
mushrooms have a somewhat similar appearance. PoUen grains of plants and 
.spores of fungi have given rise to difficulties, in spite of their characteristic 
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appearance ; pollen of conifers is often met in the stools of people living near 
pine forests. All these spores are globes with a reticulated surface which can 
be made out on careful focussing. (Fig. 414, 10.) Occasionally cheese-mites 
and their eggs may he seen in the feces. 

Demonstration of protozoa in fceces.— It is difficult to make out the nuclear 
details of the intestinal protozoa and their cysts in a fresh state. Weigert’s 
iodine solution (iodine, 1 part, pot. iod., 2 parts, water, 100 parts), has a special 
affinity for nuclear structure, renders the details much more evident, and assists 
in their recognition. (Plate XXIV.) 

Methods of concentration of protozoal cysts in /ceces.— Yorke advocated the 
following method of concentration, especially applicable to cysts of Eritamoeba 
histolytica : 

A mass of feces is ground up ^nth water in a small mortar and the emulsion 
shaken with 500-1,000 ml. of w^ater, poured into a tall glass cylinder, and allowed 
to stand for fifteen minutes, to permit the coarser fecal material to settle. The 
supernatant fluid is withdrawn and centrifuged, and the deposit is shaken up 
with a solution of cane-sugar of specific gravity of 1,080 and again centrifuged 
quickly. This procedure results in the separation of cysts from the remaining 
fecal material. The feces are precipitated and the cysts left floating in the 
supernatant fluid, which is withdra'wn, diluted with about four times its volume 
of water, and again centrifuged at high speed. By this means a small deposit is 
obtained, consisting of great numbers of cysts in a relatively minute quantity 
of fecal material. The deposit is then washed several times with water to get 
rid of all traces of sugar and the majority of the remaining bacteria. 

VIL^EXAMINATIOX OF THE URINE FOR EGG*S OF 
SCHISTOSOMA HAEMATOBIUM 

The miricicUascope (optical arrangements originally designed by Gorman) 
consists of a specially constructed wooden rack painted dull black to hold 
centrifuge tubes and a hand lens 1 in. in diameter and of 2 in. focal length which 
gives sufficient magnification to view the miracidia swimming about in the water. 
The value of this instrument is two-fold. 

(1) The procedure is relatively simple and an opinion as to the presence of 
schistosomiasis can be given in an outstation clinic or even during school 
inspection. 

(2) It is employed in determining the viability of schistosome ova. 

For use the terminal portion of the urine is collected and stood for 30 minutes 
after which the upper part is decanted, leaving sufficient to fill a centrifuge tube. 
This is centrifuged at low speed and the liquid is gently drawm off; 5 ml. of water 
are added to the deposit. The tube is then inserted into one of the holes provided 
in the rack. Hatching is usually complete within 20 minutes but may be delayed 
up to 40. If viable ova are present in the urine they hatch and the mhacidia 
can be seen swimming around actively (Meeser, Ross and Blair, 1949), 
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1036, 1040-1 

gambice, 32, 98, 99, 863, 903, 992, 1029 , 

1036-7, 1040-1 

hancocki, 1036 

hargreavesi, 1036 

byrcanus, 1031, 1033-4 

nigerrimus, 1034 

sinensis, 992, 995, 1035 

identification, 1026 

infectivity, 903, 1026 

jeyporiensis, 1035 

candidiensis, 1035 

karwari, 1035 

koctu, 1035 

letifer, 1036 

leucosph3T:us, 1035 

balabacensis, 1031, 1035 

hackeri, 1031 

ludlowi (see A. sundaicus) 

maculatus, 97, 903, 1031 , 1035 

maculipennis, 100, 102, 889, 1026, 1027-9 

atroparvus, 106, 886, 889, 893, 903-4, 

1028-9, 1034r-5 

aztecns, 1037 

elutus, 903, 1028 

freeborni, 1028, 1032, 1037, 1039 

labranctua}, 903, 1028, 1034, 1036, 1040 

melanoon, 1028 

messese, 903-4, 1028, 1034, 1035 

sacharovi, 1028 

typicus, 903-4, 1028, 1035 

melas, 97, 1029, 1036 

minimus, 101, 863, 1031 , 1032, 1034-5, 1039 

flavirostris, 863 

raruna, 1035 

moluccensis (see A. punctulatus farauti) 

moucbeti, 863, 1036 

nigeriensis, 1036 

multicolor, 1030, 1035-6, 1040 

nigerrimus, 992 

niii, 1036 

novumbrosus, 1035 

occidentalis, 1028 

oswaldoi norsestensis, 1037 

pattoni, 1036 

phargensis, 1034, 1037 

pbilippinensis, 1032, 1036 

plumbeus, 98, 1034 

psendopunctipennis, 1032, 1037-9 

punctimacnlata, 1037-8 

punctulatus, 863, 1026, 1033, 1036, 1038 

farauti, 992, 1033, 1038 

punctulatus, 1033 

punctipermis, 1032, 1039 

quadrimaculatus, 893, 903, 1032, 1037, 1039 

rossii (see A. subpictus) 

sacharovi (elutus), 1034, 1037, 1040 

sergenti, 1030, 1037 

stephensi, 100, 102, 889, 893, 903, 992, 1030 , 

1036, 1039 

subpictus, 992, 1026, 1030 , 1036 

sundaicus (ludlowi), 97, 992, 1032, 1036, 1038 

superpictus, 1030, 1034, 1036-7, 1040 

tarsimaculatus, 1032, 1037-8 

tessellatus, 992, 1036 

turkhiadi (see also A. multicolor) 

umbrosus, 1032, 1036 

vagus, 992, 995, 1030 , 1036 

varuna, 1031 

vectors of malaria, 1033-8 

walkeri, 1037, 1039 

Anophelines, artificial infection, 105-6 

MUing of, 96, 862-3 

Anophelinl, 1024 
Anoplura 1064^5 

Anoresda in epidemic haemorrhagic fever, 384 

in izumi fever, 385 

in krwaahiorkor, 446, 449-50 


Anorexia in malaria, 53 

in sprue, 563 

Anoxia, renal, m cholera, 46 2n. 

Ant-eaters, 333, 912, 1012, 1062 
Antelopes and hydatids, 965 

and trypanosomiasis, 112, 130, 133, 9U7-S 1051 

Antepar elixir, 878 ’ 

Anthiomaline, 869 

in Calabar swellings, 774 

m schistosomiasis, 714, 716, 727, 733 

in trypanosomiasis, 129 

m nlcerating granuloma of pudenda, 658 

Anthiomalum (see Pouadin) 

Anthisan, 594, 869 
Anthralin, 872 
Anthrarobin, 872 
Anthropophilic mosquitoes, 96 
Antibeus jamaicensis, 911 
Antibiotics in amcebiasis, 513 

in Q fever, 254 

in relapsing fever, 191 

in ulcerating granuloma of pudenda, 660 

m ulcus tropicum, 666 

in undulant fever, 299 

Antidiphtberitic serum in veld sore, 66671., 667-8 
Antigens, cercarial, 732 

in cholera vibrios, 458 

in red cells, 852 

schistosomal, 732 

Anti-bis t a m ine preparation for insect bites, 10 
Anti-larval oils in malaria prophylaxis, 98 862 
Antileprol, 595, 873 
Anti-louse powder, 865 
Anti-malarial drugs, 81 

assessing action of, 103 

precipitating blackwater fever, 62 

toxicity, 81 

oil, 98 

Antimony poisoning, 160, 465, 715 

tartrate (tartar emetic) in Calabar swellmgs 

774 ’ 

in oriental sore, 171, 175 

in rhinoscleroma, 697 

in schistosomiasis, 712-14, 716, 726, 733 

in trypanosomiasis, 128, 129 

in ulcerating granuloma of pudenda, 658 

tost in kala-azar, 153, 158-9 

treatment in filariasis, 766 

in leishmaniasis, 153, 159-60, 170-1. 

175-6 

in onchocerciasis, 782 

in schistosomiasis, 712-16, 726, 733 

in ulcerating granuloma of pudenda, 

658, 660 

Antimony-tartmte ointment, 658 
Antimosan, 869 

Anti-mosqulto measures, 95-102 
Antisan, 753 

Antiserum treatment in enteric, 320 

m leptospirosis, 205 

Antistin, 782 
Anti-typhus shirts, 866 
Antivenene, 836-7 
Antrydde chloride, 869 
Antrypol, 869 

in onchocerciasis, 780 

combined with hetrazan, 782 

in trypanosomiasis, 125, 135 

combined with tryparsamide, 129, 135 

diagnostic, 123 

prophylactic use, 131, 135 

pentamidine in trypanosomiasis, 135 

Autu in rat control, 279, 283 

Anuria in blackwater fever, 62, 63, 66, 68 

in cholera, 461-3, 468 

in Weil’s disease, treatment, 204 

in yellow fever, 350 

mechanism of, 63 

Anxiety neurosis, 632 
Aortic regurgitation, 2, 16 
Aotus trivirgatus, 333-4 
Apes and filariasis, 1001 
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Apes and goundou, 610-11] 

and malaria parasites, 886 

Aphasia in cerebral malaria, 65, 56 

in heat-hyperpyrexia, 405 

in undulant fever, 299 

Aphonia in mfantile beriberi, 421-2 
Aphthae tropicse, 543 (see also Sprue, tropical) 
Aplona, 491 

Apodemus agrarius, 3S4 

speciosus, 385 

Apoplexy, malaria simulating, 56 
Appendicitis, amcebic, 504-5, 515 

differential diagnosis, 187, 319, 503-5 

due to threadworms, 982 

in ascariasis, 798 

in native races, 13 

in tropics, 2 

malarial, 80 

schistosomal, 710, 721, 723 

Appendicostomy in dysentery, 491 

amoebic, 515 

Appetite in ancylostomiasis, 805 
Apple dietary, Moro’s, 491 
ALi^chnidee, 890, 1007-16 
Aralen (see Ohloroqume) 

Arctomys bobac, 263 

centralis, 263n. 

Areca, 869 

catechu, 825 

Ajrecoline hydrobromide, 966 
Argas, 866, 919, 1011 

mmiatus, 1014 

persicus, 1014 

Argasidae, 1012-15 
Argemone mexicana, 827 

oil poisoning, 826 

Ariboflavinosis, 423, 424, 433, 438, 442 

tongue in, 552, 557 

Armadilloes and relapsing fever, 180 

and schistosomiasis, 946, 950 

and trypanosomiasis, 138, 142, 911-12, 1067 

and typhus, 233 

and yellow fever, 333 

Aomlgeres breinh, 377 
Armifilfer armillatus, 1009 
Arms, elephantiasis of, 742, 760, 765 
Ameth index, 1077 

Aronson’s medium in isolating cholera vibrio, 457 
Arrack poisoning, 825 
Arsalyl in relapsing fever, 192 
Arsant, 869 

in relapsing fever, 192 

Arsebibenzol, silver, 880 
Arsenamide, 880 

in filariasis, 766 

Arsenic poisoning, 465, 821 

resistance in trypanosomiasis, 126, 130 

Arsenical neuritis, 425 
Arsenicals by mouth, in yaws, 618 

in trypanosomiasis, 126, 127 

Arsenious oxide in rat control, 279 
Arsenobenzene, 869 
Arsenobenzol, 869 
Arsenobillon, 869 
Aursenphenol-amine, 869 
Arsobal, 875 

in trypanosomiasis, 128, 135 

Arsphenamine, 869 
silver, 880 

Arterial spasm causing gangrene of feet, 16-17 
Arteriosclerosis in native races, 15 
Arteritis in pulmonary schistosomiasis, 708 

obiterans in mycetoma, 623 

Arthritis, dysenteric, 481-3, 491 

in candidate for tropics, 5 

in dracontiasis, 787-8 

in native races, 19 

in onchocerciasis, 778 

in paratyphoid-0, 317 

in rat-bite fever, 209-10 

in Eeiter’s disease, 483 

in relapsing fever, 187, 190 


Arthritis in tick typhus, 244 

in undulant fever, 297, 299 

pseudogonococcal, 483 

Artificial respiration in heat-hyperpyrexia, 405 
Arvicanthus abyssmicus, 196, 266, 357 

miinus, 265 

Ascabiol, 869, 1008 
Ascariasis, 528, 797-800, 810, 969 
blood in, 107S 

treatment, 799, 870-1, 873-4, 878, 880 

Ascaridole, 807 

Ascaris eg^, detection of, 1084 

lumbncoides, 797-8, 810, 874,968-70 

eggs of, 1081, 1086 

pneumonia, 798, 970 

suilla, 96S 

Ascaron, 797 
Ascites, chylous, 747 

in clonorchiasis, 795 

in infantile cirrhosis, 452 

in kala-azar, 153 

in schistosomiasis, 723-4, 727-9, 731 

post-dysenteric, 481 

Asclepias, 821 

Ascoli treatment of malarial cachexia, 87 
Ascorbic acid, 444-5, 868 

in blackwater fever, 69 

(see also Vitamin C) 

Ascostic acid in ancylostomiasis, 811 
Asopia farinalis, 976 
Aspergillus, 622 

bouffiardi, 622 

flavus, 681 

fumigaxus, 873 

mdulans, 621 

mger, 681 

Asphyxia m cerebral malaria, 95 
Aspidin, 815 

Aspidium, oleoresin of, 814-15, 877, 941, 959, 967 

in combination with areca, 869 

Aspiration, aseptic, m lymphogranuloma 
inguinale, 652 

in infantile cirrhosis, 452 

m liver abscess, dia^ostic, 630 

therapeutic, 531, 533 

of hepatic cyst, 965 

of splenic abscess, 14 

Assiminea lutea, 94S 
Astacus japonicus, 943 
Asthma, allergic, 701 

bronchial, and eosinophiha, 700-1 

in schistosomiasis, 709 

in candidate for tropics, 1 

in dracontiasis, 787-8 

Asturian rose, 430 (see also Pellagra) 

Asylum beriberi, 409 
A/T shirts, 866 
Atabrine (see Atebrin) 

Ataxia in beriberi, 416 

in heat-hyperpyrexia, 405 

post-sulphone, 594 

Atebrin, 90, 875 

absorption, 90 

blackwater fever and, 62, 90 

excretion, 103 

idiosyncracy, 91 

in blackwater fever, 69, 90, 103 

in cestodiasis, 816 

in giardiasis, 540, 933 

in leishmaniasis, 171, 176 

in malaria, 51, 90-2, 892 

combined with pamaquine, 88 

quinine, 91 

compared with quinine, 91-3 

dosage, 91-2 

effect on microscopical diagnosis, 76 

injections, 92 

therapeutic, 104 

in scrub typhus, 240 

level of blood, 103 

musonate, 90, 92, 875 

prophylaxis, 103 
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Atebrin lahli-N, ior, iij 

-(.s'tV «/*'(( L'lllt^ ]l3 

Atelerix allii\ iMitiiN I 

Ateles p.uiitiL-iit.. l 
Atepe, ss, S6y 
Athlete’s iodt, 

Atrax lobiitiLii.s, S 1 1 
Atriplidsm, yi’i* 

Atropine in iioisonni", 826 

poisoning, S21 

test 111 onteric, :il6, IllO 

Auchincloss’s oiieuitiou in eleiili.uitiaMS, 763 
Auchmeromyia lutHihi, 847, ]U6i)--2 
Aural niyiosis, S g; 

Auremetine, S7n 

Ill amu'liiiisis, 511 

Aureomycin, S7n 
in iimoebinsi^, 513-15, 531, 021 

— in Biict. coll inCoi'tions, 326 
in eholcrn, 466 

Ill enteric, 321 

— ■ — ill iziimi fever, 385 

ill lymphograuuloiun venerenin, 652 

in pintii, 686 

— — in psittacosis, 363 

in relapsing tover, 102 

— — in ri(‘kcttsiiilpox, 258 

in tick typhus, 245 

in toxoplasmosis, 017 

mtyplius, 232, 234, 2-11, 215 

m ulcerating granuloma oi‘ pudenda, 66n 

— - in ulcus tropicum, 666 

in undulnnt lover, 302, 30S 

m yaws, 619 

Australian X disease, 638 
Australorbls antigncnsis, 051 

centunetralis, 951 

glabratiis, 720, 726, 721), 051-2 

olivnceiis, 801 

Autoagglutination m ui<dai'iii, 45-6 

in trypanosomiasis, 122 

Autujmn fever, 205 (sec (dso Seven-day fever; 
Avicennia iiitida, 1029 
Avitaminoses, 408-50 
Avomine, 870 

Ill cholera, 468 

Axillary glands, varicose, 7 54 
Axoneme, 905, 913 
Axostyles, 931-2 
Ayerza’s disease, 721 

Egyptian, 708 

Azacxin, 93, 870 
Azo-arsenobenzol, 870 

in trjranosomiasis, 12S 

Azochlorainide inrin^orm of feet, 679 

Baboons and dlariusis, 996 

and roaud-worms, 977 

and schistosomiasis, 955 

■ and trjTDanosomiasis, 907 

and yellow fever, 334 

Badllsemia in enteric fevers, 312, 317 
m leprosy, 578 

Bacillary dysentery, 471 (see also Bj'sentery, 
bacillary; 

index in leprosy, 593, 595 

Bacilluria in enteric, 317, 321 
Bacillus leprm (see Mycobacterium leinic; 

mucosiis capsulatus, 654 

pestis (see Pasteurella pestis; 

subtilis, 870 

Bacitracin, S70 

in amoebic dysentery, 014-15 

Backache in epidemic hiemorrhagic fever, 384 

in tropics, 10 

in yellow fever, 344, 351 

Bacteria, fevers caused by, 258-326 
Bacterial skin diseases, 661-70 
Bacteriophage, cholera, 456, 458 

plague, 274 

Bacterium acidi lactici, 473 
alkaligenes, 323, 473 


Bacterium coli, 451, 473 

iiiiccnoiis, 32-J-6 

cumidic.iting dysentery, 4S3 

--- ilih'erentuil diagnosis, 310 

. » _ drugs for, 87-1-5, SS2, 884 

unieosus capsulatus, 65 1 

rliiuoiscleroiaatis, 697 

Badgers and flukes, 938 

and lelapsiug lever, ISO 

and tick typliiis, 242 

Bael truit m siirne, 560 
Baghdad spring ancemiu, 29 
BAL in midulunt lever, 302 

(see also Dimercaprol; 

Balanites mgyijtiaca, 719 
Balantidial dysentery, 471, 537, 871, SSl, 934 
Balantidiasis (see Bnliiiitichnl dvsentcry; 
Balantidium coli, 471, 537, 934-5 
Ballottement m liver abscess, 525 
Bandage-boot in elephantiasis, 762 
Bandicoot and Q lover, 253, 1015 

and typhus, 221, 237 

rat and rat-bite fever, 207 

Bandoeng sprue, 563 
Banga, 644 

Banocide (sec netruzaiO 

Band’s ilisease, 14, 153, 721, 721, 732 

method, 465 

Barasheh, 423 
Barbary ape, 334, 336 
Barbeiro, 141 

Barbel lisli and giiuiea-worm, 790 
Barbiers, 408 (see also Beriberi) 

Barbus, 790 

Barcoo rot, 666 (see also Veld sore) 

Barium iiieul in o.xyuriusis, 983 
Barlow’s disease, 445 
Barracouta, 839 
Barringtonia speeiosa, 821 
Bartonella bacilliformis, 212-16, 218, 1017 

canis, 213 

muris, 213 

Bartonellosis, 212-18, 871, 874 

gcncr.ili'/ed, 212 

localized, 216 

Basal metabolism in tropics, 8 
Basophil, 1078 
Bats and flakes, 945 

Plasmodium hi, 886, 896 

tomb, and mites, 1011 

Bayer 205, 125, 869 
693B, 877 

7602(Ac) in trypanosomiasis, 141 

9736(As) m trjTianosomiasis, 141 

Bdellonyssus bacoti, 220, 255 
BDH m ringworm of feet, 679 
Bears and Oriental sore, 164, 913 

and tapeworms, 958 

and tick typhus, 242 

and trichmella, 985-7 

Beavers and tularaemia, 284-5 
Bed-bugs, 1065-6 

and tulariEmia, 285 

destruction of, 865, 1066 

Bedsores, 120, 228, 231 

Beef tapeworm, 962 

Beetle causing dermatitis, 671 

Behaviour changes in cerebral malaria, 56 

Behcet’s syndrome, 13 

Bejel, 600, 613 

Bella gutti tree, 678 

Belly-ache bush, 824 

Bemax, 427 

Benerva, 427 

Benzene hexachloride (see Q-ammexane) 
Benzevan, 869 

Benzyl benzoate and dibutylphthalate in typhus 
prophylaxis, 241 
Beplex, 560 
Beprochin, 877 
Berberine sulphate, 870 
Beriberi, 403-29 
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Beriberi, oefciolog 7 , 409, 434 

alcoholic, 420, 425 

and retrobulbar neuritis, 423 

asylum, 409 

cardiac, 417, 425-6 

diagnosis, 424 

differential, 122, 425, S29 

dry. 414 

epidemiology and endemiology, 40S 

incidence, 4i2 

infantile, 408, 412, 421, 42S 

mortality, 422 

paraplegic, 414 

- — pathology, 412 

primary, 414 

prognosis, 426 

prophylaxis, 428 

secondary, 42< ) 

sliip, 408 

— — symptoms, 414 

treatment, 426, S6S 

wet, 414, 417 

Berne, 1063 

Bernhardt's syndrome, 591 

Bessarabia fever, 386 (see also Pblebotomus fererj 

Betanaphthol, S70 

Betaxan, 427 

Betel chewing, 24, 825 

nut, 869 

Beverages m tropics, 12 

Bhang, 825 

BHG (see Crammexane) 

Bhilawanol, 678 
Bicho Colorado, 1011 

Big game destruction in schistosomiasis pro- 
phylaxis, 130 
heel, 699 

Bile dramage in clonorchiasis, 796 
Bile-ducts in clonorchiasis, 795 
Bilharzia (see Schistosoma) 

disease, 702 (see also Schistosomiasis, genito- 
urinary) 

Bilharzial dysentery, 471 
rosary, 707 

Bilharziasis, 702 (see also Schistosomiasis) 

japonica (see Schistosomiasis, eastern) 

Biliaxy ciiThosis, infantile, 451 

colic associated with malaria, 74 

Bilious remittent malaria, 54, 79 

typhoid of Griesmger, 177 (see also Relapsing 

* fever) 

Biological protein value fB.P.V.), 433, 441 
Biomphalaria adowensis, 951 

alexandrina, 951 

tangaimcensis, 951 

boissya, 951-2 

centimetralis, 729 

— — choanomphala, 951 

cultrata, 951 

gibbonsi, 951 

— — - guadeloupensis, 951 

herbeni, 951 

neosudanica, 951 

pfeifferi, 951-2 

— philippici sub-aiigulata, 951 
ruppeUi, 951 

Stanley!, 951 

Biotin, 294 

deficiency and malaria parasite, 36 

B.I.P.P. in sloughing phagedama, 666 
Birds and Murray Valley encephalitis, 63S 
plasmodium'in, SS6-7, S96 

Bironella, 1024 
Bisantol, 874 
Bisglucol, 874 
Bismosan, 874 
Bismosol, 870 
Bismostab, 874 
Bismuth arsanilate, 870 

in pinta, 686 

in rat-bite fever, 211 

in yaws, 618 


Bismuth mjectio, 874 

oxychloride, 870 

salicylate, 874 

Bitevan (see Vitamin Bxa) 

Bithynia, 795, 939 

fuschsiana, 939 

longicornis, 939 

stnatula, 939 

tentaculata. 940 

Biwia zezera, 940 

Black fever, 241 (see also Tvphus, tick) 

fly, 1048 

piedra, 687 

sickness (see Rala-azar) 

snake, 832 

spores, Ptoss’s, 903 

tongue, 631 

vomit m yellow fever, 346-7, 351 

widow spider, 841 

Blacktongue of dogs, 433, 441-2 
Blackwater fever, 60-70, 893 

aetiology, 61-4 

blood in, 65, 1078, 1080 

chemoprophylaxis, 103, 1040 

diagnosis, 68 

— _ differential, 80, 34S 

epidemiology, 60 

geographical distribution, 6 

incidence, 70 

mortality, 70 

— . onset, 65 

pathology, 65 

pigment of, 62 

post-atebrin, 62, 90 

predisposing causes, 6 i 

prophylaxis, 70 

sensitization to, 62 

sequeLe, 67, 70 

— symptoms, 65 

treatment, 68 

urine in, 6 7 

Blackwater-fever houses, 61 
Bladder in schistosomiasis, 703-7, 712 

ruptured, simulated by rupture I sjileen, 50 

Bladder-worm, 817 
Blanfordia, 954 

Blastocystis hommis in stools, 1084 
Blastomyces braziliensis, 628 

dermatitidis, 628 

Blastomycosis, 590 

European, 629 

North American, 628 

South American, 628 

Blatta germanica, 865 
Bleeding disease, 699 

(see Hremorrhage) 

Blepharoplast, 110, 905, 929 
Blighia sapida, 823 
Blindness in kwashiorkor, 448 

in onchocerciasis, 779 

m schistosomiasis, 731 

in tryparsamide therapy, 127 

Blister in dracontiasis, 784-7 

Blood centrifugation m trypanosomiasis, 123 

coUectmg of, 853 

direct matching of, 855-6 

effect of tropical climate on, 7 

examination in kala-azar, 157 

in leptospirosis, 202 

in malaria, 76-7, 80 

in trypanosomiasis, 122-3, 135, 140 

fresh, preparation for study of, 1075 

— grouping, 851-5 

with agglutinometer technique, 854 

in ancylostomiasis, 803, 805, 1077-8, lOSU 

in black^^^ater fever, 65, 1077-8, 1080 

m cholera, 463, 467-8 

in dysentery, 477 

m epidemic dropsy, 827 

— — ■ in fiJariasis, 737-43 

in heat-hyperpyrexia, 402 

m infantile beriberi, *122 
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Blood in mfaatile cirrhosis, 452 

in kala-azar, 152-3, 157-9, lOSO 

in kwashiorkor, 449 

in leprosy, 56S, 588 

in liver absi'ess, 523 

m lymphogranuloma venereum, 951 

in malaria, 46 

in onyalai, 699 

m paragonimiasis, 793 

m schistosomiasis, 724, 726, 732, 1078, 1080 

in seven-day fever, 206 

in sickle-cell anaenaia, 29 

in sprue, 549-50 

in trypanosomiasis, 110, 115, 122, 139, 107S 

in typhus, 228, 239, 245, 248 

m yellow fever, 341, 347-8 

phosphorus, 7 

proteins in malaria, 46 

protozoa, fevers caused by, 31-176 

staining blood-hlms for, 1076 

subgroups, 853 

sngar in malaria, 46 

regulation in sprue, 550 

testing, methods, 853 

transfusion, 851-60 

convalescent, in epidemic liiemorrhagic 

fever, 384 

drip, 859 

in ancylostomiasis, 810 

in blackwater fever, 68, 69 

in dysentery, 491 

in kwashiorkor, 450 

in malarial anasmia, 93 

in onyalai, 700 

m snake-bite, 835 

in splenic rupture, 71 

in sprue ancemia, 560 

in tropical anremias, 25, 28, 29 

in typhoid, 321 

intravenous, 857 

reactions to, 859 

Eh factor in, 855-7 

technique, 857-60 

transnussion of encephalitis japonica by 

636 

of kala-azar by, 148 

of malaria by, 36 

of typhus by, 224 

urea in blackwater fever, 63 

Blood-cells, varieties and their significance, 1077 
Blo^-films, cleaning slides for, 1072 

for demonstration of filarial embryos, 1074 

methods of preparation, 1073 

staining, for blood protozoa and differential 

count of cells, 1076 

thick, 1074 

thin, 1073 

Blood-loss in yellow fever, 343 

Blood-platelets, 1080 

Blood-pressure, effect of tropical climate on, 8 

high (see Hyperpiesia) 

in epidemic haemorrhagic fever, 384 

in native races, 15 

in typhus, 226 

low, in beriberi, 418 

in cholera, 461, 468 

Blood-sucking flies, 1048 

larvm, 847, 1061-2 

Blood-vessels, diseases of heart and, 15 
Blood-worms, 1048 
Blowflies, 1058 

Blue disease, 241 (see also Typhus, tick) 

Body temperature, effect of tropical climate on, 6 
Boils in plague, 271 

in prickly heat, 672 

Bolus alba, 874 

in cholera, 466 

Bone, amcebic infection of, 536 

lesions in blastomycosis, 629 

in yaws, 612-14 

puncture in kala-azar, 167 

tuberculosis, 20 


Bone-marrow depression due to Chloromycetin 
232 

in bartonellosis, 215 

in kala-azar, 149, 153, 157 

in kv'ashiorkor, 449 

m malaria, 44, 46 

m relapsing fever, 181 

in sprue, 548 

m trypanosomiasis, 115, 124 

in typhus, 225 

Bone-pains in Eift Valley fever, 358 
Bones m leprosy, 579, 584 

long, hydatid cysts of, 965 

Boomerang legs, 642 
Boophilus, 866 

annulatus microphis, 253 

decoloratus, 247 

Boots for tropical wear, 12 
Borborygmi in sprue, 552 
Boric acid m craw-craw, 670 
Bornholm disease, 22 
Borrelia, 177 
Bosch yaws, 173 

Bossing of skull in sickle-cell ana?raia, 29 
Bot-fly, 843, 1063-4 

horse, 1064 

Boubas, 599 (see also Yaws) 

Bouchi oil m leucoderma, 661 

Bouffard’s mycetoma, 622 

Bouton de Bagdad, 162 (see also Oriental sore) 

de Biskra, 162 (see also Oriental sore) 

d’Orient, 162 (see also Oriental sore) 

en chemise, 487 

Bradycardia following cholera, 464 

in phlebotomus fever, 388-9 

Brain abscess, amoebic, 497, 534 

hydatid cysts of, 965 

in cysticercosis, 817 

in malaria, 44 

in Murray Valley encephalitis, 638 

in pellagra, 434 

in plague, 269, 273 

in Q fever, 254 

in schistosomiasis, 709, 730-1, 733 

in trypanosomiasis, 110, 114, 124 

in typhus, 224, 228, 238, 243 

in yellow fever, 341 

paragonuniaais of, 792-4 

Brassy bodies, 891 

Brayera anthehmntica, 817-18 

Bre^bone fever, 376 (see also Dengue) 

Breast, malignant disease of, 24 
Breast-feeding, and beriberi, 421, 428 

in tropics, 12 

Breast-milk, quinine in, 83 
Brill’s disease, 223, 225, 234 
Broad fish tapeworm, 958 

ligaments, lymphangitis in, 753 

tape worm, 957 

Brocq’s eczema, 678 
BromeUads, 1033, 1037 

Bromsulphthaleln retention tests in malaria, 47 
Bronchiectasis, differential diagnosis, 794 
Bronchitis and typhoid, 314 
asthmoid, 701 

chronic, in candidate for tropics, 2 

eosinophilic, 700-1 

in relapsing fever, 189 

in typhus, 228, 238-9 

in undulant fever, 296 

Broncho-pneumonia, 529, 536 

complicating den^e, 381 

kala-azar, 152-3, 160 

typhus, 228, 237, 243 

haemorrhagic, in onyalai, 699 

Brucella abortus, 285, 292, 295, 301, 303-9 

in cattle, 306-6 

bronchisepticus, 292«. 

melitenais, 285, 292, 294-5, 299-301, 303-8 

paramelitensis, 294-6, 297, 301, 303-4 

sulB, 292, 304, 306, 308 

tularensis, 276, 284-8 
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Brucellergen, 300n. 

Brucellosis, 292 (see also ITndulant fevers) 

surgical, 299, 308 

Bnimpt’s white mycetoma, 622 
Bubas Braziliana, 173 

Bubo, climatic, 646 (see also Lymphadenoma 
inguinale) 

in p^gue, 258, 269-70, 275 

strumous, 646 

Bubonic plague, 270 (see also Plague, bubonic) 
Bucky rays (see G-renz rays) 

Budgerigars and psittacosis, 360-1 
Buffalo gnat, 1002, 1048 
water, 956 

Buffaloes and trypanosomiasis, 130 
Bugrs), 1065-7 

bed (see Bed-bug) 

kissing, 191n., 909, 1067 

reduviid, 1066-7 * 

action of BHO on, 865 

vectors of trypanosomiasis, 107, 136-7, 

906, 909-10, 1066-7 
Bukovlna hsemorrhagic fever, 385 
Bulbul cuius ibis ibis, 334 
Bulimus, 936 

tentaculata, 940 

Bulinus, 703, 947, 949 

africanus, 949 

broichi, 949 

contortus, 948-9 

dybowskii, 948-9 

forskali, 949 

globusus, 949 

iimesi, 949 

tropicus, 949 

trunoatus, 706, 718, 949 

Bullis fever, 381, 383, 1015 
Bunganis fasciatus, 834, 836 
Bung-pagga, 693 
Bunyamwera virus, 355-6 
Burdwan fever (see Kala-azar) 

Burger’s disease, 16, 228 
Burning feet, 423 

fever, 248 

Bums, aneurin in, 868 
Bush baby and yellow fever, 334 

pig and typhus, 237 

Bushbuck, 112 
Bushman’s tea, 826 
Busse-Buschke’s disease, 629 
Butarsen, 871 

in trypanosomiasis, 128 

Buthus, 840 
Butolan, 872, 983 
Butterfly dermatitis, 692 

lung, 199 

patches, 199 

Buttocks, hstulous disease of, 536 
Bwamba fever, 355-6 

Cabassous unicinctus, 911 
Cabot’s rings, 1080 
Cachexia in ancylostomiasis, 801 

in clonorchiasis, 796 

in schistosomiasis, 729 

in trichiniasis, 987 

malarial, 63, 70, 80, 87, 1080 

myxenoid, in amcebiasis, 503 

Cachexie osseuse, 642 
Cadojel in dhobie’s itch, 676 
Caecostomy in amcebiasis, 616 

valvul^, m dysentery, 491 

Caenurus cerebralis, 963 
Caffein citrate in cholera, 468 
Calabar swellings, 769, 772-5 
Calamine in prickly heat, 673 
Calclfllcation of cysticercus, 818-19 
Calcium chloride in carbon tetrachloride poison- 
ing, 808-9 

cyanide in rat control, 283 

gluconate in trichiniasis, 987 

in sprue, 663 


Calcium lactate in yellow fever, 341, 351 

metabolism in non-tropical sprue, 557 

Calculi, biliary, and malaria, 74 

in schistosomiasis, 704, 707, 712, 716 

renal and vesical, in tropics, 3, 10, 17 

urinary, 17 

Callicebus omatus, 334 

Calliphoridse, 1058 

Callithrix penicillata, 333 

Callitroga americana, 843 

Callosciurus, 886 

Caluromys laniger, 334 

Calves and tularaemia, 285 

Calymmatobacterium granulomatis, 654 

Cam-aqi, 87 

Gambaroides similis, 943 

Camels and flukes, 933 

and hydatids, 963, 965 

and plague, 264 

and Q fever, 253 

and yellow fever, 334 

Camoquiue, 81, 87, 871 
Campolon, 560 

Canalizatioii of streams in malaria prophylaxis, 
97 

Cancer associated with clonorchiasis, 23, 795 

m native races, 14, 23-4 

intestinal, differential diagnosis, 503-4, 507 

kangri-bum, 24 

of bladder associated with schistosomiasis, 946 

of cervix, 658 

of cheek, 24 

of groin, 657 

of liver, 528 

complicating schistosomiasis, 724 

of rectum, 541 

of skin, 923 

Cancrum oris (see Noma) 

CandelUlas, 813 

Candida albicans, 548, 629 

Canicola fever, 195, 201 (see also Weil’s disease) 

Cannabis indica, 825 

CapUlaria hepatica, 985 

Capillary fragility in epidemic hsemorrhagic fever, 
384 

Caprokol, 874 
Caput natiforme, 19 

quadratum, 19 

Capybara and yellow fever, 333, 337 
Caraate, 683 

Carapata disease, 179, 183 (see also Belapsing 
fever) 

Carassius auratus, 939 
Garbantine, 160 
Carbarsone, 871 

in amcebiasis, 513 

in balantidial dysentery, 538 

in tropical eosinophiha, 701 

Carbohydrate metabolism and 411 
Carbolic acid in craw-craw, 670 
Carbon bisulphide in rodent control, 283 

dioxide in rat control, 283 

tetrachloride, 871, 977 

in ancylostomiasis, 808 

poisoning, 808 

Carbon-dioxide inhalation in scrab typhus, 240 

snow in cheloid, 662 

Carbonyl chloride, 808 
Carbo-stibamlne, 160 
Carbuncles in plague, 271, 275 
Carcinoma (see Cancer) 

Carcinomatosis, schistosomiasis simulating, 721 
Cardiac ber.beri, 414, 417, 425-7 
(see Heart) 

Cardiovascular system in candidate for tropics, 2 

Carica papaya, 800 

CaroUia perspicillata, 911 

Carotltis, rheumatic, 15 

Carpain in paragonimiasis, 794 

Garpoglyphus, 701 

Carrel-Dakln tube in liver abscess, 533 

Carrier stage of filariaais, 747 
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Carriers of amcebiasis (see 

of anojrlostoraiasLs, 802 

of cholera, 459, 164 

of dvsenteiy, 472, 476, 4S1, 484, i'.>2 

of eutene, 310-11, 318, 319. 322 

of malaiia, 33, 73, 7.'), SO 

of poliomyelitis, fi4U 

of psittacosis, 3(>U 

of sickle-cell trait, 29 

of trypanosomiasis, 134 

Carrion, "serere fever of, 215 
Carrion’s disease, 212 (see also Oro\.i lever) 
Carter’s black mycetoma, 622 
Carvasept, 9S7 
Casal’s necklace, 436 

Qflspin hydrolysates in infantile cirrhosis, 453 

m ydlow fever, 351 

Casoni test m hydatid cyst, 9G6 

Cassava, S23-4 

Cassuary and typhus, 237 

Castro’s method, 588 

Cat and luucebiasis, 498, 5(11, 02 t 

- — and dracontiasis, 10U3 

and flukes, 938-43 

and hydatids, 965 

and larva migrans, 844, 8-16 

and leishmaniasis, 143, 116, 161, 1)13, 915 

— — and melioidosis, 289 

and paragonimiasis, 791 

and rabies, 364 

and rat-bite fever, 2(J7 

— ■ and Rift Valley fever, 357 

and round-worms, 968, 972 

and sarcoptes, 1007 

and schistosomiasis, 729-30, 952 

and tapeworms, 958-60, 967 

and trypanosomiasis, 13S 

and tularaemia, 285 

flea, 266, 1068, 1071 

scratch fever, 207 

Cataract m cholera, 463 

in onchocerciasis, 780 

Catarrh in candidate for tropics, 1 

in poliomyelitis, 641 

respiratory, in Sonne dysentery, IHl 

Cat -bite disease, 2U7 (see also Rat-bite lover) 

Caterpillaur dermatitis, 671, 692 

Catha edulis, 826 

Cathartidae, 334 

Cattle and bot-flies, 1063-4 

and coccidioidomycosis, 627 

and dracontiasis, 1003 

and hydatids, 963 

and Murray Valley encephalitis, 638 

and oriental sore, 164 

and Q fever, 251, 253, 255 

and rabies, 364, 367, 374 

and Rift Valley fever, 357 

and sarcoptes, 1007 

and schistosomiasis, 730, 952, 955 

and tapeworms, 962 

and tr^anosomiasis, 112, 121, 1053-4 

and undulant fever, 292, 303-6, 309 

and yellow fever, 334 

dengue, 378 

schistosome, 670 

Cattlegrub, 1064 
Causal prophylaxis iu malaria, 102 
Cauterization in larva migrans, 846 
in rabies, 372 

in ulcerating granuloma of pudenda, 658 

Cavles and plague, 263, 266 

and tr^anosomiasis, 142 

Cebus, 333-4, 336, 357 
fatuellus, 913 

Gedarwood-oil method in larva migrans, 845-6 
GeUuUtis in dracontiasis, 787-8 

in elephantiasis, 761 

in pla^e, 271 

Centipedes, poisonous, 842 

Gentrechinus antillarum, 830 

Centrifugation method in trypniiosomiasis, 123 


Centrifuge, Clayton Lane’s, 1082-3 

Centrodesome, 929 

Centropus bengalensis ].i\-aiiioiis, 2.;6 

Centrurus, S4U 

Cepheeline, 508 

Cephalopus grmimi, 0O8 

Cephalosporium, 622 

Ceratophyllus, 1U68 

acutus, 285 

fasciatns, 299, 913, 967 

Iteviceps, 264 

tesquorum, 264 

Ceratopogon, 1048 
Ceratopogonidae, 1017 
Gerbera odoUam, 821 
Cercaria douthii, 956 

dmitliitti, 670 

elvie, 670, 956 

ocoUata, 670, 056 • 

physellne, 956 

pleurolophocerca, 0-1 1 

stage of Schistosoma, 703, 951, 955-6 

stagnioola?, 956 

Cercariae, 936-7, 939, 043 

avoulaiioe of inicctioii \\ ith, 719 

methods of killuig, 719, 729, 733 

Cercarial dermatitis, 670 

Hiilleii reaction, 712 

reaction, 712 

Cercocebus, 355, 357 

Gercopithecus, 124, ISO, 330, 357, 886-7, 957 
tethiops, 174 

— — — centralis, 334 

asi'amus schmidti, 334 

callitrichus, 977 

diana diana, 334 

tuliginosus, 907 

nwtitans mpangic, 331 

patas, 334 

pygerythrus, 977 

sabceiis, 720, 950 

tantalus, 334 

Cerdocyon tlioiis, 248 

Cerebello -medullary puuctiiro lu Iryimuosu- 
niiasis, 124 

Cerebral elVect of atebriii, 91 

liiomorrhage, 403 

— — malaria (see Malaria, cerehralj 

purpura lu psittacosis, 362 

trypanosomiasis, 114, 119 

tumour, 125, 818 

Cerebro -spinal lever, 204, 231, 401 

fluid in dengue, 379 

in encephalitis japonica, 637 

in leptospirosis, 201 

Ill meningeal plague, 273 

— in Murray Valley enceiihalitia, G3S 

Hi plilobotomus fever, 389 

in poliomyelitis, 640, 6 11 

— — — — in torulosis, 629 

in trypanosomiasis, lio, 111, 123, 132, 

134, 140 

in typhus, 228, 231 

m Weil’s disease, 201 

spirochaetes in, 190 

meningitis (see Meningitis, cerubro-spiiialj 

Cervical rib, 591 

Cervix uteri, ulcerating granuloma of, 658 
Gestodes, 957-68 

eggs of, iu faeces, 1081-2 

Cestodiasis, 814-17, 959-60, 965-7 

drugs for, 870-2, 874-5, 877 

Gestodin, 817, 871 

Cetyltrimethyl ammonium bromide, 665 
Cevitamic acid (see Ascorbic acid: Vitamin C) 
Ceylon sore mouth, 543 (see also Sprue, tropical) 
Chachaleh, 423 
Ghaelophactus vellerosus, 911 
Ghsetopelma olivacea, 842 
Chagas’ disease (see Trypanosomiasis, South 
American) 

Chagasia, 1028 
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Chagoma, 139 

Chancre, trypanosome, 115 

Chapenonada, 376 {see also Dengue) 

Charcot -Leyden crvstals, 505, 541, 793, S07, 933, 

1085 

Chauffie, 813 
Ghanlxnestrol, 873 
Chaulmoogra oil, 595, 871 
Cheese maggot, 847 

transmission of undulaut fever through, 294, 

303 

CheUitis, 438/2. 

actimca, 9 

Cheilosis, 438n. 

m pellagra, 435, 357 

in sprue, 531 

Chciropompholyx, tropical, 674 
Chda, 678 
Cheloid, 662 
Ghemiochin, 875 
Chemoprophylaxis in typhus, 24 1 
Ghenopodium anthelmintioum, 807 
Ghenopo^um, od of, 871 

in ancylostomiasis, 807, 809 

in ascariasis, 799 

in cestodiasis, 817 

in trichuriasis, 985 

with tetrachlorethyleue, 817 

Gheopis iudex, 268 
Ghiatopsylla rossi, 2G5 
Chickenpox {see Varicellaj 
Chigger, 688-91, 1070 

mite, 1011 

Childbirth in tropics, 633 
Childhood, erythroblastic anaemia of, 27 

leucocytes in, 1078 

Children, amoebiasis m, 494, 517 
ancylostomiasis in, 806-9 

- ■ - Qa/taT*iQciQ in 70T— Q 

bacillary dysentery in, 480, 483, 490 

blackwater fever in, 61 

cholera in, 456, 465, 467-8 

clothing of, 12 

effect of tropical climate on, 8, 9 

estimation of degree of splenic enlargement 

in, 71 

giardiasis in, 339-40 

hydatids in, 965 

kala-azar in, 144-5, 148, 153 

leprosy and, 567, 575-7, 586, 592, 598 

malaria in, 48, 51, 58, 59, 71, 80 

treatment, 91 

onchocerciasis in, 777-8 

oriental sore in, 163 

pellagra in, 435 

relapsing fever in, 178, 194 

schistosomiasis m, 721 

scorpion-sting in, 840 

tapeworms m, 968 

threadworms m, 981-3 

toxoplasmosis in, 917 

trypanosomiasis in, 110-11, IIS, 137-S 

tuberculosis in, 20 

typhus in, 228-9, 245 

yaws in, 600-1, 610, 613, 617 

yellow fever in, 338, 350 

{see also Infantile) 

Chill causing diarrhcea, 8, 11 

protection against, 11 

Ghilomastix, 485 

mesmli, 540, 930 

Ghilopa, 699 
Ghilopoda, 842 

Chimpanzee and balantidiasis, 935 

and dengue, 382 

and fllariasis, 999, 1001 

and malaria parasites, 886 

and poliomyelitis, 640 

and yellow fever, 334 

Chinacrin, 875 
Ghineto, 884 
Chiniofon, 511, 871 


Chinkumbi, 700 

Chipmunks and lymphogranuloma venereum, 647 

and plague, 263-4 

and relapsing fever, 179, ISO, 183 

and tularaemia, 285 

Chironomidm, 1048 
Chiufa, 700 
Chlamydozoacese, 361 
Chloramphenicol (see Chloromycetin) 
Ghlordane, 861 
Chlorguanide (see Paludrine) 

Chlorides, sweat, in pnckly heat, 672 

Ghloriguane (see Paludrinej 

Chlorination of water m cholera prophylaxis, 469 

in schistosomiasis prophylaxis, 729 

Chlorodyne In cholera, 465 
Chloromycetin, S71 

m amoebiasis, 515 

in bartonellosis, 216, 218 

m cholera, 466 

in dysentery, bacillary, 489 

■ in enteric, 330-1 

— — “ in lymphogranuloma venereum, 653 

in Q fever, 255 

m typhus, 231, 239, 240, 245 

prophylactic, 241 

in ulceratmg granuloma of pudeuda, 660 

m undulant fever, 302 

in yaws, 619 

Chlorophenyl chloromethyl sulphone, 861 
Ghlorophora excelsa, 671 
Ghloropidse, 1062 
Ghloroquln A.C., 871 
Chloroquine ( Aralen), 81, 871 

diphosphate, 531 

m amcebiasis, 531, 533 

m black^vater fever, 68 

in cestodiasis, 815, 817, 967 

m malaria, 81, 87, 94 

combined with intravenous salnic, 95 

prophyla.\-is, 103 

Chlorosis, 30 

Egyptian, 801 {see also Ancylostomiasis) 

Chlorylen, 884 
Chola guti, 678 

Cholsemia in infantile cirrhosis, 452 
Cholecystitis, diSerential diagnosis, 505, 52S 

following malaria, 74 

in cholera, 463 

in clonorchiasis, 796 

in paratyphoid-C, 317 

treatment, 874 

Cholelithiasis following blackwater fever, 67 

malaria, 74 

Cholera, 454-70 

aetiology, 456 

ambulatory, 463 

asiatica, 454 

belt, 11 

carriers, 459, 461, 172 

complications, 463 

diagnosis, 464 

differential, 290, 464 

epidemiology and endemiology, 454 

mortality-rate, 468 

pathology, 460 

■ — clinical, 463 

prophylaxis, 6, 468 

sequel®, 464 

sicca, 463 

symptoms, 461 

treatment, 464, S72, 87 4 

typhoid, 462, 468 

vaccme, 470 

vibrios, 456-60, 464-5 

Choleraic dysentery, 480 

heat-hyperpyrexia, 403 

malaria, 57 

Cholerine, 461 
Cholesterol in malaria, 46 
Choline deficiency, 451 
in infantile cirrhosis, 453 
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Choline in kwashiorkor, 450 
Chordane, 1039 

Choriomeningitis lymphocytic, 637, 641 
serous, 641 

Chorio -retinitis in toxoplasmosis, 917 
Choroid in onchocerciasis, 781 
Choroiditis mtrypanos imiasis, IIS 
Chromatoid bodies, 921, 926 
Chromoblastomycosis, 625 
Chrysanthemum cinerariEefolium, 671 
Chrysomyia bezzuma, 843, 1058 

chloropygii, 847 

— — megacephala, S43 
putoria, 847 

Chrysophanic acid in dhobie’s itch, 676 

in tinea imbncata, 682 

Chrysops, 1049-50 

dimidiata, 771, 999, 1049-50 

discalis, 2S4-5, 1050 

distinctipennis, 771, 999, 1050 

silacea, 771, 999, 1049-50 

Chub and flukes, 940 
Chvostek’s sign in pellagra, 437 
Chylocele, 747, 759 
Chylomicrograph, 547 
Chylous ascites, 747 

diarrhoea, 758 

dropsy, 747, 753, 758 

hydrocele, 754 

Chyluria associated with schistosomiasis, 710 

endemic, 735 

filarial, 747, 753-4, 757 - 8 , 766 

Ciba3714, 883 
agnolin, 872 

in dhobie’s itch, 676 

in tmea imbncata, 682 

ointment in oriental sore, 171 

Ciguatera poisoning, 839 
Cimex boueti, 910 

hermptera (rotandatus), 910, 1065 

hirudinis, 910 

lectularius, 285, 910, 1065-6 

Cinchona, 871 

alkaloids in malana, 81-2 

febrifuge in malaria, 83 

Cinchonine in malaria, 82 
Circulation, effect of tropical climate on, 8 
Circulatory system, parasites of, 702-34 
Cirrhosis of liver associated with cancer, 23 

^ith dysentery, 14, 481 

with schistosomiasis, 708 

due to trematodes, 936 

in clonorchiasis, 795 

in kala-azar, 149 

in kwashiorkor, 447, 450 

in native races, 14 

in paragonimiasis, 793 

in schistosomiasis, 720-4, 731, 733 

infantile, 451-3 

pipe-stem, 720 

Citellus accedula, 916 

beecheyi, 264, 285 

citellus, 263, 916 

columbianus, 242 

dauricus, 916 

fisheri, 264 

grammunis, 264 

mugozancus, 263 

pygmjEUS, 263 

townsendi, 264 

tredecimlineatus, 916 

avet cat, 364, 940, 972 
Gladosporium mansoni, 675 
Clasmatocyte, 1078 
Claude-Bemard Homer syndrome, 583 
Clavus in yaws, 610 
Clayton Lane’s centrifuge, 1082-3 

system of rat eradication, 277 

Cleopatra bullmoides, 941, 967 

Climate and spme, 561-2 

Climatic bubo (see Lymphadenoina inguinale) 

diarrhoea, 8 


Climatic fever, 6 

hyperhidrosis, 671 (see also Prickly heat) 

skin diseases, 671 

Clonorchiasis, 23, 794-6 

blood in, 1077 

treatment, 872, 876, 880 

Clonorchis sinensis, 795, 937-40, 1081 
Clothing for tropical wear, 11, 674 

impregnated with DDT, 866 

of sprue patient, 561-2 

Club foot, 5 

Clubbed fingers, 29, 525-6, 792 

Clupidae, 839 

Coal-tar naphtha m bug destruction, 1066 
Coastal fever, 235 
Goati ill yellow' fever, 337 
Cobra bite, 833, 835, 837 

king, 833 

spitting, 832 

venom, 833 

Cocaine poisoning, 826 
Coccidia, mtestinal, 932-4 
Coccidioidal granuloma, 627 
Coccidioides unmitis, 626 
Coccidioidomycosis, 626, 870 
Coccidiosis, 505, 933 

mtestmal, 541 

Gochlicella acita, 945 
Cochliomyia americana, 843, 1058 

hominivorax, 843, 1058 

macellaria, 1058 

Cockroaches, action of DDT on, 865 
Cceliac disease, 449, 545, 556-7 

and wheat flour, 545, 548 

Coelogenys submger, 1067 
Coffee-grounds vomit, 347 
Goko, 599 (see also Yaws) 

Cold, lack of resistance to, 446, 449 
Cold-storage chamber in heat-stroke, 406 
Colic in ancylostomiasis, 805 

in ascanasis, 798 

Colistatin, 882 

Colitis, chronic, in candidate for tropics, 3 

differential diagnosis, 541 

gravis, 541 

hmmorrhagic, 541 

idiopathic ulcerative, 541 

mucous, 483, 504-5, 541 

ulcerative, 541, 876, 882 

Colloid goitre, 32 
Colobus, 355 

badius, 334 

waldroni, 333-4 

polykomos, 334 

uellensis, 334 

Colocasia, 566, 569 
Colon in schistosomiasis, 721 
Colorado tick fever, 381, 383, 638 
Colostomy in dysentery, 491 
Colsulanyde, 883 
Colubrinae, 830, 832-3, 837 
Coma in ackee poisoning, 822 

in blackwater fever, 68 

in cholera, 461 

in encephalitis japonica, 637 

in heat-hyperpyrexia, 402-3 

in malaria, 55, 56, 94 

in Murray VaUey encephalitis, 638 

in plague, 270-1 

in trypanosomiasis, 119-20 

in yellow fever, 346, 350 

Coma-vigil in typhus, 226 
Comma bacillus, 456 (see also Cholera vibrio) 
Complement -deviation test in hydatid cyst, 966 
Complement -fixation test in amoebiasis, 505 

in cysticercosis, 820, 963 

m dengue, 381 

in enceph^tis japomca, 637 

in filariasis, 760, 773 a 

in kala-azar, 158 

in leptospirosis, 203 

in lymphogranuloma venereum, 651, 663 
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Complement -fixation test in malaria, 77 

in onchocerciasis, 781 

in paragonimiasis, 794 

in psittacosis, 363 

in Q fever, 254 

in relapsing fever, 191 

in rickettsial-pox, 255 

in scliistosomiasis, 711, 726, 732 

in smallpox, 393 

in toxoplasmosis, 917 

in trypanosomiasis, 141 

in typhus, 224, 234 

in undulant fever, 300 

in yellow fever, 349 

Compound 118, 861 

497,861 

6257,872 

in cholera, 466 

Gonesslne m amoebiasis, 513 
Congo floor-maggot, 1061 
Conjunctival ecchymoses in malana, 47 
Gonjimctivitis, epidemic, 1062 

glare, 9 

in dysentery, 482 

m Fiietazo dermatitis, 671 

m lymphogranuloma venereum, 650, 652 

in moth dermatitis, 692 

in Eeiter’s disease, 483 

in tularaemia, 287 

umlateral, in trypanosomiasis, 139 

Connective tissue in feeces, 1085 
Gonorhinus, 1067 (see also Panstrongylus) 
Consciousness, disordered, in Murray Yalley 
encephalitis, 638 

Gontortospiculum rheae, 750, 774 
Gontraverm, 879, 983 
Conus, S38 

Convalescent carriers of dysentery, 481, 484 
Convulsions in ackee poisonuig, 822 

in cestodiasis, 962, 966 

in dysentery in children, 480 

in heat-hyperpyrexia, 402, 405 

in infantile beriberi, 422 

in malaria treatment, 95 

in paragonimiasis, 793 

in pellagra, 439 

m rabies, 368 

in trypanosomiasis, 118, 120, 134 

in yellow fever, 350 

Cool chamber in prevention of heat-stroke, 406 
Cooley’s ansemia, 27 
Coolies, sore feet of, 813 
Goorchi, 874 

Copper pentachlorophenate, 729 

sulphate in malaria prophylaxis, 99, 1033 

Copperhead, 832 

Copra itch, 1008 

Cor pulmonale, bilharzial, 708 

Corm-plant poisoning, 823 

Corals, poisonous, 839 

Goramliie in pellagrous insanity, 443 

Gorblcula, 944 

Cordylobia anthropophaga, 844, 1058-60 
Comeal oedema due to atebrin, 91 

opacities in pellagra, 437 

Corrosive sublimate ointment in pemphigus 
contagiosus, 669 

Cortisone in blackwater fever, 69 

in enteric, 321 

in leprosy, 596, 598 

Cotton rat and filariasis, 743, 750, 766-7, 774 

and leishmaniasis, 916 

and malaria, 886 

and typhus, 257 

Councilman lesions, 342, 349, 358 
CouncUmania lafleuri, 926 
Cow itch, 813 

(see Cattle) 

Cow-pox, 391 

Coxiella bumeti, 219, 222, 224, 250-5, 1015 

diaporioa, 261 

Gox’ 8 vaccine, 266 


Coxsackie virus, 22 
Coyote, 242 

Crab and flukes, 791, 794, 864, 943-4 

yaws, 24, 591, 609-10, 617 

Crab-louse, 185, 1065 
Cramps, heat, 400 

in cholera, 454, 460-1, 466 

in heat exhaustion, 404 

m sprue, 553, 563 

in trypanosomiasis, 118 

night, 879 

Craw-craw, 670, 1007 

Crayfish and paragonimiasis, 791, 794 

Crazy-paving dermatosis, 440, 448 

Creeping eruption, 844-5 

Crescents of malaria parasites, 35, 892, 894-5 

Cretinism and Chagas’ disease, 140-1 

Cricelid and plague, 266 

Cricetomys gambianus, 124, 182, 266 

Cricetulus funmculus, 638 

gnseus, 146, 915-16 

Cricetus auratus, 203, 569, 916, 920 

cricetus, 569, 916 

Crimean hiemorrhagic fever, 385 
Crinodora (see Atebrm) 

Crisis, double, in kala-azar, 150, 153 

m malaria, 54 

Crithidia, 906, 909, 917 
Crocidura, 180 

stampflii, 266 

Crocodiles, 1052 
Crohn’s disease, 440, 649 
Crotalinae, 830 
Crotalus, 834 
Croton seeds, 821 
Cruzln, 141 

Grypta^iration m schistosomiasis, 725, 732 
Cryptococcosis, 629 
Cryptococcus capsulatus, 630 

neoformans, 629 

Cryptomerozoite, 36, 900 
Cryptoschlzont, 36 
Crjptozoic schizont, 896-9 
Ci^tozoite, 899 
Crykal violet, 872 

Crystalluria, sulphonamide, in dysentery, 490 
Crystovihex, 427 
CT.A.B. in ulcus tropicum, 665 
Gtenocephalides, 1068 
Ctenocephalus canis, 266, 967, 1068 

felis, 266, 1068 

Gtenodactylus gundi, 917 
Gtenophai^godon idellus, 940 
Gtenopsyllus segnis, 1068 
Cucullanus, 1006 
Culex, 1021-2, 1024, 1041-2 

alis, 991 

annulirostris, 992 

fatigans, 240, 377, 636, 740, 743, 768-9, 

990-1, 994-5, 1042 

habilitator, 991 

molestus, 1042 

nigripalpis, 340 

pipiens, 636, 990-1, 1042 

pallens, 636, 991 

quinquefasciatus, 636, 991 

tarsalis, 639 

thalassius, 340 

tritaeniorhynchus, 636 

vagans, 992 

vishnui, 992 

whitmorei, 991 

GuUddae, 1019 

resistance to insecticide in, 86 7 

GuUcini, 1041-2 
Culicoides, 1048 

austeni, 1001, 1048 

furens, 996, 1048 

grahami, 1001, 1048 

parsensis, 966, 1048 

Gulter brevicauda, 940 
Gusso, 817, 875 
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Cutaneous leishmaniasis, 162 (see aho Oriental 
sore I 

Cyanosis due to antimalarial drugs, 81, 8S 

in pulinomiry schistosomiasis, 708 

in scrub typhus, 269-40 

Cyclophyllidea, 957, 901-8 
Cyclops, 10O5-6 

bicuspidatus, lOUD 

coronatus, lUOo 

— - quadricornis, 783, 1005 

strenuus, 958, 1005 

Tiridis, 1005 

Cynictis peiiicillata, 364 
Gynocephalus, 907 
Cynomolgus philippinensis, 602 
Cynomys gutuiisoni, 265 

pamdeiis, 265 

Cyprinidae, 939 
Gyraulus saigonensis, 937 
Cysticercosis, 733, 817-20, 961-3 
Cysticercus bovis, 963 

cellulosce, 819, 961, 963 

racemosus, 962 

Cystine agar, 285 
Cystitis due to Baefc. coli, 324 

gonorrhoeal, 710 

in schistosomiasis, 705, 707, 712 

Cystoscopy in chyluria, 758 

in schistosomiasis, 708, 712 

Cyst-passers, m amoebiasis, 494, 497-9, 515-J7 

symptomless, 497, 510 

among rats, 920 

Cysts, amoebic, 495, 504-5 

balantidial, 934 

cysticercal, 819 

Cytanien, 593, 885 
Cyto-diagnosis m dysentery, 484 
Cjtopyge, 934 
Gytostome, 934 

D.034, 867 
D.220, 866 
Daboica, 834, 837 

Dacrocystitls in tiypanosomiasis, 139 

Dactylitis in yaws, 609 

DADPS (see Biamino phenylsulphone) 

Dagenan, 8S8 
sodium, 883 

Dakin’s solution in liver abscess, 532 
Dandy fever, 376 (see also Dengue) 

Daraprim, 872 

in malaria, 51, 81, 92-3 

prophylaxis, 102-3 

Dasyprocta, 174, 248 

Dasypus novemcinctus, ISO, 911-12 

fenestratus, 911 

Datura poisoning, 821, 824 
DDD, 861 

DDS (see Diamino pheny'lsulphonc) 

DDT, 861-7, 872 

apphcation of, 861 

by aircraft, 864 

as larvicide, 96, 863 

in destruction of bugs, 142, 865, 1065 

of cockroaches, 865 

— of fleas, 279 

of houseflies, 864 

of lice, 865, 1065 

of mosquitoes, 96, 98, 862-3, 1038-41 

of sandflies, 162, 399, 864 

— of Simuliidae, 864 

- — of tsetse flies, 865 

in disinfestation of aircraft, 866 

in onchocerciasis prophylaxis, 783 

in typhus prophylaxis, 232, 234 

resistance to, 867 

toxic effects, 867 

DDT -Xylene-Triton emulsion, 768 
Deafness in candidate for tropics, 1 

in leptospirosis, 201 

in relapsing fever, 190 

in typhus, 228, 239 


Deafness m undulant fever, 299 
Death-adder, Australian, 832 
Death-Dsh, 840 
Deer and flukes, 936 

flies, 1049 

head maggot of, 1063 

Deer-fly fever, 284 (see also Tulanemia) 
Dehydration m cerebral malaria, 95 

m cholera, 461, 463 

in sprue, 661 

Dejerlne-Sotta’s disease, 591 
Delhi boil, 162 (see also Oriental sore) 

Delirium in heat-hyperpyrexia, 402-3 

in leptospirosis, 201 

in malaria, 55, 56, 94 

in melioidosis, 290 

in plague, 271-2 

in psittacosis, 362 

m scurvy, 445 

in trichuiiasis, 987 

in typhus, 226, 228, 239, 248 

in undulant fever, 296 

in yellow' fever, 346 

Delusions in euoepliahtis japomca, 637 
Dematium mansoni, 6 75 
Dementia, malaria simulating, 56 
Demilunes, 1080 
Demodex folliculorum, lOUS 
Dengue, 376-82 

and Colorado tick fever, 383 

and phlebotomus fever, 386-7 

cattle, 378 

diagnosis, differential, 206, 231, 240. 348 381 

389,641 ’ ’ * 

orchitis, 381 

vectors of, 1046 

virus, 377-8, 381 

Denisonia superba, 833 
Depanocytic aummia, 29 
Depanocydosis, 29 

Depigmentation-oed^me, 446 (sec aho 

Kwashiorkor) 

Depression duo to malaria, 56 
Deratization, 282 
Dermacentor, 242-3, 1015 

andersoni, 214, 241-3, 246, 250, 253, 284-5 

383, 842, 1015-16 

nitens, 242 

nuttali, 246 

occidentalis, 253, 285 

pictiis, 385 

aUvarum, 246 

variabilis, 241-3, 285, S42, 1016 

Dermal leishmanoid, 153, 169 
Dermatitis, allergic, 671 

ancylostome, 809, 813 

— — antrypol, 125 

butterfly, 692 

- — caterpillar, 671, 692 
~ cercarial, 670 
' - - chrome solar, 9 
' — coral, 839 

dhobie mark, 676, 678 

due to mites, 1008 

Puetazo, 671 

m dhobie’s itch, 676 

in elephantiasis, 760 

in loaiasis, 773-4 

in onchocerciasis, 779 

in pellagra, 430, 432, 435 

in sprue, 556 

iroko, 671 

hnearis migrans, 844 

moth, 692 

mycotic, 676 

nodular, 670 

parasitic, 670 

poison ivy, 671 

pyrethrum, 671 

schistosome, 670, 722, 956 

seborrhoeic, 676 

snlphoue, 594 
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Dermatitis toxi -s 671 

ulcerative, 670 

— — venenata, 671 
Demaatobia cyaniventris, 843, 1063 
Dermatographia m schistosomiasis, 731 
Dermatosis, acarme, 691 

in kwashiorkor, 446-8 

Dermestes, 967 
Derobin, 872 

Desensitization m Calabar swellings, 774 
Desert fever, 627 

sore, 666 {age aho Yeld sore) 

Desitin in oriental sore, 171 
Desmodillus auricularis, 265 
Desmodus rotundus, 367 
marinus, 911 

Desquamation, furfuraceoiis, in jaws, 605, 6US 
Devegan, 932 
Devil’s gnp, 22 

Dhobie mark dermatitis, 676, 678 
Dhobie’s itch, 674-7 
Diabetes and malaria, 49 

bar to tropical life, 3 

in native races, IS 

renal, 18 

Diabetic neuritis, 421 
Diamamus montana, 265 
Diamidino-stilbene, SS2 

in kala-azar, 161 

m trypanosomiasis, 128 

toxic manifestations, 161 

Diaminodiphenyl sulphoiie (DDS), 592, 872 

in leprosy, 592-4 

Diamino-stilbene, 882 
Diaphoresis in undulant fever, 292 
Diaphragmatic pamlysis in ben-beri, 419, 426 
Diaptomus, 958 

Diarrhoea, bilious, m blackv'ater fever, 66 

in malaria, 54 

chill causing, 8, 11 

chylous, 758 

climatic, 8 

complicating Chloromycetin therapy, 231 

Gee’s coeliac, 556 

hill (see Hill diarrhoea) 

in amcebiasis, 501-2, 504 

in ancylostomiasis, 805-6 

— in cestodiasis, 966 

m cholera, 461, 464 

m clonorchiasis, 795 

in coccidiosis, 933 

in dracontiasis, 787 

in djrsentery, 477, 479, 481 

in E.B.I. therapy, 510 

in enteric fevei-s, 313, 319 

in epidemic dropsy, 827-8 

in giardiasis, 540 

in kwashiorkor, 446, 448 

in malaria, 541 

— — in melioidosis, 290 

in paragonimiasis, 793 

m pellagra, 435, 437 

in phlebotomus fever, 388-9 

in relapsing fever, 187-8 

in schistosomiasis, 720, 723-4 

m sprue, 551, 553-4, 562 

in strongyloides infection, 980 

— in trematode infection, 936-7, 941-2, 944 
in trichiniasis, 986 

in trichuriasis, 800 

in yaws, 605 

in yellow fever, 346-7 

— - tropical, 543 (see also Sprue, tropical) 
Diarsenol, 869 
Diasone, 872 

in leprosy, 593-4 

Diathermy in larva migrans, 846 

in leprosy, 596 

Diazo-reaction in enteric, 319 
Dlboba, 446 (see also Kwashiorkor) 
Dlbothriocephalus (see Diphyllobothrium) 
anaemia, 814 


Dibutyl phthalate (DBP 102, 241, 1010, lul8 
Dichlor-diphenyl-tri-chloroethane (see DDT 
Dichlor-diphenyl-dichloroethane, 861 
Dick test in native races, 21 
Dicrocaelium dendriticMim flanceutum), 945 
Didelphis, 142 
azarse, 911 

— marsupialis, 180, 333-4 

mesamericana, 911 

nudidicaudatus, 334 

paraguayensis, 912 

Dieldrin, S61 

Dientamoeba fragilis, 495, 929 
Diet in ancylostomiasis, SIO 

— in beriberi, 426 
m dj-sentery, 4S8 

lamtebic, 512, 515 

iQ enteric, 320 

in infantile cirrhosis, -153 

m malaria, 81 

in pellagra, 441 

in scrub typhus, 240 

in scurvy, 445 

in sloughmg phagedaena, 663-4 

in sprue, 559-61 

m tropics, 12 

m undulant fever, 302 

in yellow fever, 351 

Dietary deficiencies, anaemia due to, 25 

and kwa^orkor, 446 

cirrhosis due to, 451 

rickets due to, 18-19 

Dieterle silver impregnation method, 655 
Diethylcarbamazine, 874 
Digestion, effect of tropical climate on, 8 
Digestive system, diseases of, 2, 13 
Digitalis in heat-hyperpyrexia, 405 

m typhus, 231 

Diguanides, SI, 88 
Dlguanil (see Pidudrine) 

Dihaloquin, 313, 872 
Dihydrostreptomycin, §82 

in uleeratmg granuloma, of pudenda, 66U 

DiiodohydroxyquinoUne, 513, 872 
Dimeepol, 101, 131 
Dimercaprol, 872 

Dimethyl phthalate CD.M.P,), 101, 1072 
Dinitro-o-cyclo-hexylphenol, 734 
Dinopsyllus ellobius ellobius (lypusus), 265 
Diodoquin, 872 

in amcebiasis, 513, 517 

Dioscorea, 823 
Dioscorine, 823 

Dipetalonema perstans, 735, 741, 874, 995, 
999-1001, 1002, 1075 

streptocerca, lOUl, 1048, 1075 

vanhoofi, loOl 

Diphenan, 872, 983 
Diphtheria and veld sore, 666-8 
in tropics, 21 

Diphyllobothrium infection, blood in, 1078, 1U8(} 

latum, 814-15, 957-9 

eggs of, 1081-2 

mansoni, 815, 959-60 

mmus, 959 

Diplopia in ^S"ei^s disease, 201 
DipodiUus campestris, 266 

dodsoni, 266 

Dipodipus sagita, 264 
Dipylidium caninum, 967, 1065, 1070 
Dlrias albiventa, 811 
Dirofilaria antigen, 774, 781 

immitis, 741, 746, 750, 767, 774, 995, 1042 

magalh^i, 995 

repens, 741, 990 

Discoids, 277 

Disseminated sclerosis, 22, SIS 
Distivit (see Vitamin Bu) 

Distomum ringeri, 791 
Dithiocarboxyl methyl and phenyl, 513 

Dithranol, 872 

Diuresis, critical, in cholera, 462 
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Diuresis in scrub tyi)hus 5 239-40 
Diverticulitis, 3, 542 
Dividne, 822 
Djenkol poisoning, 324 
D.M.P., 101 

Dobbin (Superbilt) Duster, 866 
Dog and amcebnisis, 498, 920, 924 

and bartonellosis, 213, 216 

and blastomycosis, 628 

and bot-flies, 1063 

and coccidioidomycosis, 627 

and lilariasis, 741, 990, 1003-4 

and flukes, 938, 940-4 

and liistoplasmosis, 630 

and hydatids, 963-6 

and larva migrans, 844, 846 

and leishmaniasis, 143-6, 162, 164, 172, 174, 

913, 915 

and leptospirosis, 197-9, 203, 205, 919 

and linguatnla, 1009 

and melioidosis, 289 

and Murray Valley encephalitis, 638 

and paragonimiasis, 791 

and plague, 262 

and rat-bite fever, 207 

and relapsing fever, 180, 181 

and round-worms, 968, 972 

and sarcoptes, 1007 

and schistosomiasis, 730, 734, 952 

and tapeworms, 958-60, 963, 967 

and ticks, 1015 

and trypanosomiasis, 110, 118, 124, 133, 913 

and tularsemia, 285 

and typhus, 221, 242-3, 246-8 

and undulant fever, 304 

and yellow fever, 334 

blaoktongue in, 433, 441-2 

deworming of, 966 

disease, 386 (isee also Phlebotomus fever) 

flea, 266, 467, 1068, 1071 

louse, 967, 1065 

prairie, and plague, 265 

rabies in, 364-6, 368-70 

diagnosis, 371 

immunization, 375 

Dog-ansemia, 213 
Dog-tick, 242, 1016 
Domldine, 878 
Donovan bodies, 654-5 
Donovanla granulomatis, 654 
Dormouse, 164, 357 
Douroucoiili, 333 
Dracontiasis, 783-90, 1077 
treatment, 788, 878 

Dracunculus medinensis, 750, 783-4, 788-9, 
1003-6 

Drip transfusion, 859 
“ Dromedary ” type of illness, 641 
Droplet infection in kala-azar, 148 

in Q fever, 251 

m smallpox, 392 

in typhus, 222, 224 

Dropsy, epidemic, 826-9 
(see CBdema) 

Drowsiness in Murray Valley encephalitis, 638 
Drug habit, 825 

cholera and, 464 

malaria and, 40, 65 

melioidosis and, 290 

relapsing fever and, 185 

methaemoglobmsemia, 88 

Drug-resistance by trypanosomes, 130 
Dubi, 599 (see also Taws) 

Ducyon gracilis gracilis, 911 
Duikerbok, 908 
Dumas, 609 

Dum-dum fever (see Kala-azar) 

Duodenal ulcer (see Ulcer, peptic) 

Durand’s vims, 355 
Durango, 840 

Dttrck’s nodes in trypanosomiasis, 114 
Dusting gun, 862 


Dusting powder in prickly heat, 673 
Dutch wife, 673 
Dutton's membrane, 991 
Dyak-hair sloughs, 487, 490 
Dypetalogaster muximus, 909 
Dysaesthetic phenomenon, 423 
Dysenteric arthritis, 481 

rheumatism, 481 

Dysentery, 4 71 

amoebic, 471, 493-517, 920 

oetiology, 495 

and neurosis, 632 

associated with bacillary dysentery 

504, 539 

with liver abscess, 525 

with skm ulceration, 536 

with sprue, 555, 563 

comphcations, 503 

cyst-carriers, 494, 497-9, 515-17 

diagnosis, 504 

differential, 503, 507 

from bacillary^ 487, 504 

epidemiology and endemiology, 494 

histology, 500 

pathology, 499 

relapses, 514r-15 

relation of liver abscess to, 517 

— sequeliE, 504 

stools m, 485, 495, 502 

symptoms, 501 

treatment, 508-16, 870, 873, 876, 878 

(see also Amcebiasis; Liver abscess) 

bacillary, 471-93 

acute, 479, 488 

{Etiology, 472 

amoebic dysentery associated with, 504, 

539 

and neurosis, 632 

carriers, 472, 476, 481, 484 

treatment, 492 

catarrhal, 478 

chemoprophylaxis, 492 

choleraic, 480, 488 

chronic, 480, 486 

treatment, 489, 491 

cirrhosis of liver associated with, 14, 481 

complications, 481, 491, 528 

diagnosis, 484 

differential, 465 

from amoebic, 487, 504 

epidemiology, 472 

fulmmating, 479, 488 

in children, 480 

pathology, 476 

predisposing causes, 481 

prognosis, 486 

prophylaxis, 492 

relapsing, 480 

sequeliE, 324, 480-1, 483 

sprue associated with, 555 

symptoms, 477 

treatment, 488-92, 871, 878, 880, 882 

bacterial, 471 

balantidial, 471, 537, 934 

bilharzial, 471 

conditions resembling, 541 

diagnosis, differential, 290, 487, 539, 641, 806 

due to chiU, 11 

to round-worms, 977 

epidemic, 471 (see also Dysentery, bacillary) 

flagellate, 540-1 

Mexner, 474, 476, 486, 489 

(see also Shigella flexneri) 

helminthic, 471, 638 

in schistosomiasis, 538, 709, 728, 731 

(see also Schistosomiasis, intestinal) 

kala-azar, 152, 564 

malarial, 57, 641 

protozoal, 471 

schistosomal, 538-9, 709, 719, 728, 731 

Schmitz, 476 (see also Schmitz’s bacillus) 

Shiga, 474-7, 480-1, 483, 486, 489-90 
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Dysentery Shiga (see also ShigeUa shigsB) 

_ Sonne, 472, 474, 476-7, 481, 486, 489 

(see also Shigella Sonneij 

spirochsetal, 541 

verminous, 471 

Dysentulin, 511, 871 
Dyspepsia m sprue, 552 

nervous, bar to tropical life, 2 

Dysphagia m pellagra, 437 
Dyspnoea in heat e^austion, 400 

in relapsuig fever, 187-8 

Dyssebacia, 438 

Dystrophy, nutritional, 446 (see also Kwashiorkor) 
Dysuria m dysentery, 479, 490 

Ear diseases iu candidate for tropics, 1 

hot weather, 681 

in leprosy, 581 

in onchocerciasis, 779 

m scrub typhus, 239 

mycosis of, 681 

Panama, 681 

surfer’s, 681 

(see also Deafness) 

EJB.I. (see Emetine-bismuth iodide) 

Ecchymoses, conjunctival, 47 

Echinococcus granulosus, 963-6 

Echinostoma, 944-5 

F^hls carinatus, 834-5 

Echymipera cockerelli, 237 

Economo’s disease (see Encephalitis lethargica) 

Ectromelia, 391 

Eczema, Brocq’s, 678 

complicating ringworm, 680 

differential diagnosis, 680 

in candidate for tropics, 4 

marginatum, 679 

periorbital, due to atebrin, 91 

Egressin, 873, 988 
Egret, African cattle, 884 
Egyptian Ayerza’s disease, 708 

chlorosis, 801 (see also Ancylostomiasis) 

splenom^aly, 719, 721 (see also Schistoso- 
miasis, hepato-lienal) 

EhrUch 914, 817 
Ehrlich-Hata, 869 
Eichomia crassipes, 1045 
Eimeran in ascariasis prophylaxis, SOU 
Eimeria, 932-4 

Ekiri, 471 (see also Dysentery, baciUary) 

Elaphe chmacophora, 960 
Elapinse, 833 

Elastic stockings in elephantiasis, 761 
Electrocardiogram in endocardial fibrosis, 16 

in schistosomiasis, 714 

Electrolysis in cheloid, 682 
Elementary bodies, 391-2 
Eleotris, 939-40 
Elephantiasis, 735, 747, 760-6 

congenital or famihal, 751 

due to Wiichereria malayi, 766 

filarial, 750 

following yaws, 614 

in onchocerciasis, 778, 781 

nostras, 751 

obstructive, 751 

of arms, 742, 760, 765 

of legs, 760-3, 995 

of limited skin areas, 766 

of scrotum, 763 

of vulva and mammae, 766 

parasitic, 751 

pathology, 748 

septic, 761 

toxic, 751 

venous, 751 

Elephantoid fever, 752-3, 761 
Elephants, 955 

Elephantulus rufescens dundesi, 886 
Eliocharis tuberosa, 937 
El-Tor vibrio, 458, 464 
Eluate factor (see Vitamin M) 


Embadomonas intestinalis, 930 

Embequin, 513, 872 

Embia argentina, 967 

Embolism in cerebral malaria, 45 

Emetine and bismuth iodide (E.B.I.), 510, 873 

and chloroqume, 531 

hydrochloride, 873 

in amcebiasis, 502-3,508-9, 530-1, 533, 536-7, 

924 

in amcebic hepatitis, 515, 531 

in paragonimiasis, 794 

in schistosomiasis, 715, 733 

in trematode infection, 936 

in trichmiasis, 985 

intoxication, 508-9 

periodide (E.P.I.), 511, 873 

resistance, 511, 513, 516 

Emetine-bismuth iodide (E.B.I.) in amcebiasis, 
510-11, 516, 530 
Emitol, 873 

Emphysema in candidate for tropics, 2 
Encephalitis, autumn, 636, 638 

comphcating yellow-fever moculations, 353 

foUowmg Q fever, 254 

in dengue, 378, 381 

in relapsmg fever, 187 

in toxoplasmosis, 917 

in trichiniasis, 986 

in undulant fever, 299, 308 

Japanese type B, 636 (see also Encephalitis 

japomca) 
aponica, 636-7 
ethargica, 5 

diagnosis, differential, 125, 636-7 

epidemic, 22 

Murray Valley, 637 

Kussian spring-summer, 638 

St. Louis, 638 

Encephalomyelitis, 1042 

epidemic, 636 

equme, 638, 1042 

Mengo, 355-6 

vaccinial, 394 

Encephalomyocarditis virus, 355 
Encephalopathy, peUagrous, 440 

Wermcke’s, 422, 440 

Endamceba (see Entamceba) 

Endemic mdex in malaria, 73 

typhus, 232 (see also Typhus, murina) 

Endermlc reaction to quinine, 84 
Endocardial fibrosis, 16 
Endocarditis, bacterial, 15 
Endocrine disorders, bar to tropical life, 5 

glands in tropics, 8 

Endodermophyton concentricum, 682 
Endolimax nana, 495, 499, 926-7 
Enemata m djrsentery, 490 
Entamoeba coli, 485, 495, 499, 504, 919,924-6 

dispar, 924 

gingivalis, 927 

hartmanni, 921 

histolytica, 471, 485, 487, 493-500, 604, 

513-14, 516-17, 519, 529, 919-21, 924, 
926 

commensal phase, 497 

culture, 495, 921 

cysts, 495-6, 921, 1087 

in rats, 920 

life-history, 496-7, 921 

passers, 497-9 

treatment of water contaminated with, 

517 

muris, 494, 920 

ranarum, 924 

Enteric, apjoexial type, 315 

carriers, 310-11, 318, 322 

fevers, 310-26 

diagnosis, bacteriological, 317 

climcal, 316 

differential, 318, 319-20, 381, 480, 

528 

serological, 318 
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Enteric fevers, ]jiuj»liylaxi£., lllir 

treatment, 320 

Weil-Felix reaction in, 22y 

{see also Paral.vi<lioid: Typliohl) 

interuiitteat type, 3J 5 

malarial type, 31o 

trench-feTer type, 31.') 

type, 312 

Enteric-like fevers, 323 
Enteritis caused by dull, 11 
in cholera, 463 

Enteroblus vermiculans, 9S1-3, lOsl, 1()S6 

Enteromonas hommis, 929 

Enterovioform, 511n., 513, SS5 

Entomology, medical, 1007-72 

Enz5otic hepatitis, 357 (,see also hi ft N'alley fevt'rl 

Eosinophil, 1077 ^ _ 

Eosinophilia in. ancylostonii.isis, S03, S05, S07 

in ascariasis, 798 

in coccidiosis, 933 

IE loaiasis, 771, 773 

in schistosomiasis, 732 

in trematode infection, 936-7 

tropical, 700, 868, 876 

and endocardial fibrosis, 16 

Eosinophilic erythredema, 701 
Eosinophilosis, pulmonary, 700 
Eparseno, 873 

in espundia, 176 

Ephedra in epidemic dropsy, 829 
Ephedrine in lepra reaction, 596 
Epidemic dropsy, 826-9 

dysentery (see Dysenteiy, bacillary) 

haemorrhagic fever, 384 

Epidermophyton crurus, 675 

floccosum, 675, 678 

ingumale, 675 

rubrum, 675 

Epididymis, amoebic abscess of, 336 
Epidldyniitis in dracontiasis, 787 

in paragonimiasis, 793 

Epididymo-orchitls, epidemic, 17 
Epilepsy and trematode infection, 936 

bar to tropical life, 5 

due to cysticercoais, 817-19 

Epileptiform attacks in cerebral nialarin, 56, 59 

in onchocerciasis, 778 

Epiphysitis in yaws, 612 
Epistaxis in dengue, 380 

in leech infection, 848 

in leptospirosis, 201 

in onyalai, 699 

in psittacosis, 362 

in relapsing fever, 186-7 

in Rift Valley fever, 358 

in tularsemia, 287 

in typhoid, 313 

in t^hus, 226 

in Tindulant fever, 296, 307 

Epithelioma, 23-4 
EPN, 867 

Equine encephalomyelitis, 638 
Eratyrus, 138, 1066-7 

cuspidatus, 909, 1067 

Eretmapodltes, 357 

chi^^gaster, 340, 357, 1046 

ferox, 357 

inomatus, 357 

leucopus subsp. productus, 357 

Ergotism, 441 
Ermaceus europmus, 334 
Erlocheir, 943-4 
Erion, 875 

Erlsepela de la costa, 778 

Eruptive fever, 246 (see also Fifevre boutonneuse) 

Erysipelas and onchocerciasis, 778 

complicating espimdia, 175 

Erythema due to Demodex, 1008 

in relapsing fever, 186 

in trypanosomiasis, 115, 118, 122, 134 

multiforme, simulated by relapsing fever, 186 

nodosum, 79, 118 


Erythema uodusum and Behcet’s sj udromt*, 13 
leprosum, 593 

Erythrasma, 677, 686 
Erythredema, eosinophilic, 7Ul 
Erythrina, 1033, 1037 
Erythroblastic auiemia of childhood, 27 
Erythroblastosis fcetalis, 855-6 
Erythrocebus patas, 110 
Erythrocyte, 1078 

sedimentation rate in trypanosomiasis, 123 

Erythroxolon cocoa, 826 
Eschar in rickettsialpox, 255 

in scrub typhus, 235, 237-9, 241 

Escharo nodulaire, 246 (see also FnWre bou- 
tomieuse) 

Eschereria coll (see Bacteriiiiii colii 
Espundia, 173-6, 913 

differential diagnosis, 175, 491 

treatment, 175 , 873, 876-7, 8S0 

Esthiomene, 646, 649 

treatment, 653 

Ethanarsol in trypanosomiasis, 127 
Etharsanol, 873 

Ethyl chloride refrigeration in larva migrans, 
846 

esters of hydnocarpus oil, 873 

Ethylhexianol, 101 

Eubaslnum, S83 

Eucortone m cholera, 466 

Eunuchism, 591 

Euphractus sexcinctus, 911-12 

Euquinine m malaria, 82 

European blastomycosis, 629 

Euscorpius itahcus, 840 

Eusimulium avidum Cmetallicum), 776, 1049 

mooseri, 776, 1049 

ocliraceum, 776, 1049 

Eutamias asiaticus orientalls, 638 
Eutriatoma, 909-10 
Eutrombicula batatas, 1011 
E.V. vaccine, 275, 281 
Evotomys rufocamus arsenjevi, 638 
Examen, 560 

Excreta, culture of, in enteric, 317 
Exercise tolerance test, 2, 406 
Exo-erythrocytic (B.B.) cycle of malarrd 
parasite, 36 

Eye complications of blackwater fever, 68, 70 

of cerebral malaria, 56 

of dysentery, 482-3 

of pellagra, 437 

of Rift Valley fever, 358 

of trypanosomiasis, 114, 118, 120 

of tryparsamide therapy, 127 

flies, 1062 

gnat, 1062 

Eyes, effect of tropical sunlight on, 9, 398-0 

in ariboflavinosis, 438-9 

in cholera, 463 

in cysticercosis, 819 

in dengue, 378-9 

in epidemic dropsy, 827, 829 

hiemorrhagic fever, 384 

in kala-azar, 155 

in leprosy, 581-3, 596 

in lymphogranuloma venereum, 650 

in onchocerciasis, 779-81, 1002 

in pellagra, 442 

■ — — in phlebotomus fever, 387-9 

in tulareemia, 287 

in typhus, 226, 228, 238-9 

in undulant fever, 296 

in Weil’s disease, 199, 201 

in Wernicke’s encephalopathy, 422-3 

in yellow fever, 344-5, 347 

loa loa in, 771-2 

of candidate for tropics, 1 

protection of, 11 

schistosomiasis of, 709, 731 

Eye-worm (see aZso Loa loa) 

Face, epithtiioma of, 24 
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Facies, bilhnrzial, 706 

in enteric level's, 1)12, 010 

in leprosy, oSl 

in iiellagra, 435 

in trypanosommsia, 110 

in yellow fever, 344-5 

tj^phusa, 228 

Faeces (.vee Stools) 

Faget’s sign, 204, 345 

Famine fever, 177, 182 fw ff/.vo Helapsing fever) 

nedema, 425 

Fannia eanicnlaris, S47 
sealarLs, 847 

Fantorin (aw Foiiadin; .Stibophen) 

Faradization in beriberi, 428 
Fasciola gigantica, 936 

hepatica, 711, 936, lOSl 

Fasdolopsis buski, 539, 937, 1081 
Fat absorption in giardiasis, 540 

in sprue, 546-9 

excretion in sprue, 549 

Fats in faces, 1086 

neutral, m fjeces, 1086 

Fatty acid=! m faces, 1086 

Faust’s method of centrifugal flotation, 1083 

simplified, 1084 

Favism, 04, 822 
Febrile albuminuria, 43 

Febris recurrens, 177 {m- nluo E elapsing fever) 

undulaus, 292, 207 (ftre also TTndulant fever) 

Feet, burning, 423 

fungous infections of, 5, 621, SSO 

gangrene of, s^uninetrieal, 16 

in leprosy, 576, 585, 597 

of candidate for trojiics, 5 

ringworm of, 678 

(.sw also Foot) 

Felix’s antiserum treatment, in enteric, 320 
Vi vaccine, 323 

Ferret, 307 

Ferrivenln in anaemia of ancylostomiasis, 811 
Ferrous sulphate in asoostic acid, Sll 
Fever associated w'itli aniemla, 26 

climatic, 6 

low, 6 

malarial, 42, 48-52 

sores (see Herpes) 

Fibrosis, endocardial, 16 
Ficus glabrata, 800, 985 
laiirifolia, 800 

Fiebre amarilla, 327 (see also Yellow fever) 

Field fever, 196 
Fidd-mouse (see Field- vole) 

Field-rat and flukes, 944 

and plague, 265-6 

and typhus, 233 

Field’s thick film, 1074 

Field-vole and epidemic hremorrhngic fever, 3S4 

and izumi fever, 385 

and leishmaniasis, 916 

and leptospirosis, 195, 206, 919 

and Eift Valley fever, 357 

and tularaemia, 286 

and typhus, 221, 236, 1011 

and yellow fever, 337 

Fifevre bontonneuse, 144, 219, 221, 246, 1015 
exanthematique, 246 (see also Fi^vre bonton- 
neuse) 

jauue, 327 (see also Yellow fever) 

nautique, 234 

Filaria bancroffci (see Wuchereria bnucrofti) 

blinding, 775 

demarquayi, 995 

ozzardi, 995 

perstans (see Acanthocheilonema perstans) 

volvulus (see Onchocerca volvulus) 

Filarial embryos, films for demonstrating, 1074 

periodicity, 738-42, 770, 993-4 

FUaiiasis, 735-90 

and pyomyositis, 693 

blood in, 1077 

diagnosis, differential, 694, 708 

36 


Filariasis, diagnosis, skin scarification in, 1074 
~ — due to Loa loa, 769-75, 874, 1078 

due to AVucbereria bancrofti, 735-66 

diagnosis, 749 

epidemiology and endcmi- 

ology, 744 

pathology, 745 

symptoms, dingnosis ami 

treatmeut, 752, 869, 874 

mnhiyi, 766 

prophylaxis, 7 68 

treatment, medical, 766, 878, SSO-3 

Fdarioida, 9SS-1006 
Filicic acid poisnninL', 817 
FUicin, 815 
FlHx mas, 875 

in cestodiasis, S15, 959, 967-8 

in trematode Iniection, 945 

Filtration of vimses, 337 
Finches and psittacosis, 360 
Fish hosts of Clonorchis, 795-6 

of flukes, 94ri-2 

of tapeworms, 958-9 

larvivoruus, in malaria prophylaxis, 100 

poisonous, 838, 839 

Fistula, iinnary, in scliistosomiasis, 707, 716 
Five-day fever, 248 (see also Trench fever) 

of i^heer, 377 

Flagellate dysentery, 540-1 

Flagellated body, malarial, staining of, 107fi-7 

Flagellates, blood, 913, 917 

intestinal, 929-32 

leptomomul, 913-14, 917 

Flagellum of Leishmania, 913 

of malaria parasites, 35, 894-0 

of tryp!^^‘>8ome, 9( >5 

Flannel moths, 692 
Flatulence in giardiasis, 54t > 

in sprue, 561-2 

Flax darnel poisoning, S2C 
Flea typhus, 219, 221, 232 
Flea-bites, 1070, 1072 
Flea-index, 282, 1072 
Fleas, 1068-72 

and plague, 262-5, 266-9, 1070 

rodent, 274, 279, 1068, 1070 

and tapeworms, 967, 1070 

and trypanosomiasis, 913 

and tjThus, 220-2, 233 

destruction, 279, 283, 1071 

identification, 1070 

repellent for, 1072 

Flesh flies, 843, 1058-62 

Flexner dysentery, 474, 476, 486, 489 

Flexner’s bacillus, 474 (see also Shigelhi flexneri) 

Flexural psoriasis, 676 

Flies and dysentery, 472 

and enteric, 311, 323 

and yaws, 602, 620 

blood-sucking, 1049-57 

eye, 1062 

flesh, 843, 1058-62 

frit, 1062 

muscoid, and myiasis, 843 

screw-worm, 843 

sewage, 701 

(see also Bot-flies; Gadflies; Houseflies; 

Tsetse flies, etc.) 

Flit in mosquito control, 96, 1037n. 

in sandfly control, 390, 1018 

Flocculation test, Downie’s, in smallpox, 393 
Floor maggot, 847 

Flotation concentn\tion technique, S07, 1082-4 
Fluid replacement therapy in sprue, 561 

requirements in tropics, 406-7 

Fluids in heat-hyperjiyrexia, 405 
Fluke, 936-57 

liver, 794-6, 936 

lung, 791, 942 

Fluorosis, endemic, IS 

Foam-cells, 697 

Focal spots in elephantiasis, 761 
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Fcetus, liviicpllo-^i.s 111 , 

(jpith o[, in mill iii.i oL iires^uitm-y, -'('j 

inteption ni, vMtli i‘cl.i]isnm lovor, IbO 

Folic ncid, 873 

in mimima, 2fi 

in hl,u*kx\.iter ferov, (19 

in lull (li.irrliiL-n, OUi 

— — in sfiine, o-'iO, 561-3 

Folvite lu bUu‘k\\.itpr level’, 69 

(,vee (i!so Folic iieul) 

Fonsecoea pedrosoi, 625 
Food (w Diet; Nutrition) 

Food-poisoning, dillerciitiiil din^niosw, 165, 512 

fevers in, 3’34 

Sonne’s b.ieilliis nnd, 471-5 

Foot, miUii^naut nieluuoinii of, 3 L 

skin enrciuomii of, 35 

yiuvs, 609 

nlao foot ) 

Foot-drop ill lierilien, 115-16, 438 
— — in leprosy, 5S5 

Foreami sv^teui m diii^'uosis o£ trvpiinosomi.isis, 
123 

Forest yaws, 173 

Formaldehyde test in seliisbosonuasLS, 736 

Formamine, S74 

Formication in trypanosoniiiisirt, 118 

Formin, S7 1 

Formol-gel test in kaln-nz.ir, 153, 155, 158 

Formyphenarsine, v8S 1 

Forsazia, 936 

Fort Bragg fever, 205 

Fossarulus, 936 

Fouadin (Neonntimosnn), SSI 

Ml leislinianiiisia, 170-1, 170 

in scliistosumiiisis, 715-10, 727, 733 

in ulccratinj^ s'l’iimiloinii. of ]iii<lenda, 65S 

(.sw (tlso Stihoplicn) 

Foumeau270, 126, SOS 

309 , 869 

710 , 873 

Fowler’s iioaition in ccrebrnl inuliirin, 95 
Fowls and iisittiicosLs, 36 1 

nnd seriilj tyjilius, 2156 

nnd aidrocUietohis, 1119 

and ticks, 1015 

psirnsitc of, 692 

pLismoJimn of, SS7 

Fox and flukes, 940 

and hydatids, 963, 965 

and lept<w!»’n'osis, 197 

and lingiintula, 1009 

and rallies, 3G1-5 

and aaiidllies, 1017 

and sa,rcuptes, 1007 

and tapeworms, 958-9 

and ticks, 1014 

and yellow fever, 334 

I’olpeo, nnd tryiamosoininsis, 911 

— desert, and relnpsing fever, ISO 

grey, and tulnr-.ftniii, 2S5 

silver, and draeoiitiasis, 7S3 

Framboesia, 599 {sre also Yaws) 

Frambeesiform etHorcseenee, 603 
Framboesoma, 604 
Freckles, 9 

Prei-HofEnciann. reacbicn in Ijuaphogramdoma 
verereuin, 650-1 
French physic nut, 824 
Frenkel’s skin-test in toxoplasmosis, 917 
Freon bomb, 96, 8C2 

in yellow fever prophylaxis, 352 

Frit flies, 1063 

Frogs and heat-stroke, 399 

and rabies, 365-6 

and tapeworms, 959-60 

Fuetazo dermatitis, 671 

FiiUebom’s method for detection of schistosome 
eggs in stools, 1084 
Fulmarus glucialis, 360 
Pumagillin, 614, 873 
Fumigation in plague prophylaxis, 277 


Fungi iuii»orfccti, 632 
Fungous disiMSis, 631-31 

skm^ 67-1-S3 

iufe<‘tion of foot, 5 

Funiculitis, Id.inal, 747, 752-3, 759 

nnu-lil.irial epidemic, 760 

Funnelweb spnder, 8 1 L 
Furunculosis in dengue, 3S()-1 
Fusarium sporotriclioides, MS5 

G dust, S67 
Gadflies, in 19 
Galago sonegalonsis, 33. 1 
Gall-bladder, diseases of, 3, 15 

Ill cholera, 160 

— — 111 malaria, 74 

in Wed’s clisease, 199, 200 

schistosoma I disease oL, 708 

Gall-stones, rarity of, in iiativo races, 15 
Galyl 111 telapsing ‘fever, 193 
Gamblense sleepiiig-sickupss, Hli -33 (sw also 
Trypanosomiasis, gamhiense) 

Gambusia allliiLS, 911 

Game control in eradication of tsetse flics, 1056 
Gamefar (aw bainaiiuine) 

Gametocyte prophylaxis, 102 
Gametocytes, 3'.), SSS, 893-6, 90 i, 9:^3 
Gametogony, 8SS-9, 893 
Gammexane (IlHO), 96, 861, 873, 983 

application, SGI 

in destruction ol niitos, 211 

of niosrpiitoes, 863, 1039, loll 

of rcduv’-iid bugs, 142, 865 

of saiidtlies, S61 

oL sirnuliulie, 864 

kicks, 193, 866 

of tsetse flics, 865, 105 1 

In scaJiics, 1008 

resistance to, S65 

Ganga, S25 

Ganglia-formation following vaws, (51 f 
Gangosa in yaws, 591, 610, 613 
Gangrene, iiiuaibic, 535-6 

eoiuidicating esinindiii, 175 

Ill atripllcism, 823 

ill cholera, 403 

Ill malaria, 58 

la tyiiluis, 328, 21 1-5 

mtostm.il, m aiiKcbiiisis, 500 

of feet, syiumeti’iea.l, 1(5 

of limbs III kwashiorkor, I IS 

of lung in typhus, 228 

Gastric licat-hy'pcrpyrcxia, 193, 495 
mahu’ia, 57 

remittent fever, 292 (.srr nlaa flndulant fi'ver) 

secretion in tropics, 13 

sprue, 554 

ulcer (AW dicer, poptii*) 

Gastrodiscoides hominls, 956 
Gastroenteritis, infantile, 878 
Gastro-intestinal disease aaid pellagni, 149 

symptoms due to jiauiaiiiiino, 88 

prognaml, 89 

m ilcuguo, 38 1 

Ill dracontiasis, 787 

Ill izuiiii fever, 38 5 

in poliomyelitis, 641 

tract in kala-aziir, 149 

ill malaria, 44, 50, 5 1 

Gastro-jejuno-colic ILstida, 557 
Gastrophilus, 1064 
eiiui, 843 

ha^morrhoidalis, 845, 1064 

iutestinalis, 843 

veteriuus, 845 

Gastroscopy in sprue, 552 
Gazelle, 978 

Gee-Herter syndrome, 556 
Gee’s coeliac diarrhoea, 556 
Geese and spirochoEtosis, 919 
Gelbfieber, 327 (aw also Yellow fever) 

General paralysis, malaria therapy in, 104 
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General pnralTSi^! irvpiniosomiiihis siiniilatiiig, 125 

ya^\3 imil, 6],') 

Generative iunctKiu*?, ellH-t of tropics on, S 
Genes, So2 

Genito-ano- rectal STiitlrouic, file, 641) 
Genito-urinarj' uriKelji.isis, 556 

lUseascs Jii ciuididiite tor tropics, 5 

ni native laces, 17 

— • — scliistoaoiQifisis, 702-19 
Genot^'pes, 852 
Gentian violet, S72 

lu cestodkisis, S17, 967 

in eltmorchiasis, 796 

in strong} lull les infection, 981 

in tlirpciilworxn infection, 985 

Geomys breviceps dutdieri, 245 
Geophagy, 27, S()5 
Geosciurus capensis, 265 
GerbUles, 265-6, liil4 

and, oriental sore, 164, 915, 916 

and pliicuo, 263-3 

and sandflies, 1017 

- — and tapeworms, 9G3 

and typhus, 230 

iiKMiurcs against, 27U, 285 

Gerbillus hirtipcs, 266 
Germanin, 869 (.scf ttho Antiypoli 
Ghon's focus in caiiilidato lor tropics, 2 
Giardia mtestuialis, 539—10, 932 

lambliu (MT (t. intestinal is) 

inuris, 539 

Giardiasis, 539-40, 868, S75, U32 
— dilfei’ential diagnosis, 557 
Giddiness m heat exhaustion, 400 

in pellagra, 437 

Giemsa's stain, 11176 

Gigantobilharzia sturmic, 670 

Gila monsters, 837 

Gilchrist’s disease, (528 

Ginger paralysis, 425, 824 

Giraffe, 1009, 1054 

Glanders, melioidosis luid, 289-90 

Glandular fe\er, 275 

Glasses, tinted, 1, 9, 11, 399 

Glassware, care of, in tropics, 1072 

Glaucoma in epidemic dropsy, 829 

Glenospora, 622 

Globi lu leiirosy, 568, 571 

Glomerulonephritis, acute, ui iiatne i\ices, 17 

m malaria, 14 

Gloriosa sii])eilia, 821 
Glossina, 107, 905, li)50-7 

austeni, 1055 

bionomics, 1051 

brevgialpis, 109, 1951-2, 1054 

dispersal of, by tr.illic, 132, 1954 

dissection or, teciuiique, 1052 

tusea, 109, 1054 

tusciplenns, 1( i5 1 

longipalpis, 1054 

loiimpenms, 1054 

mGtIiods_ of clearing areas of, 131-2, 865, 

lUaa — I 

morsitans, 107-10, 130, 133, 135, 865, 905, 

907-8, 1951-2, 1053-4, 1055-6 

sulimnrsitaiis, 108-9, 1053 

pallicera, 1054 

pallidipcs, 109-10, 130-1, 865, 1051, 1054 , 

1055-6 

palpalis, 107-19, 112, 130-1, 133, 905, 907, 

1050-1, 1052 - 3 , 1055-6 

■ fiiscipes, ]09, 1053, 1056 

martinii, 1(J53 

repellents, 131 

rOJe nf, as transmitting agent. 111, 905-6 

swrnnertoni, 109, 130-1, 133, 865, 905, 907, 

1052, 1054, 1055-6 

tachiiioides, 107-8, 112, 130, 905, 907, 1052, 

1053 , 1055-6 

transmission of dnig-resistauce through, 130 

traps, 1055 

Glossitis in ariboilavinosis, 438 


Glossitis m sprae, 545 
Glossophaga, 911 
Glucantine, S46, 936 
Glucose in idackwater fever, 68 

m nialana, 94 

in hprue, 563 

in yellow fever, 351 

Gluten, wlieat, and ssteatorriaea, 515, 548 
Glutton, 940 

Glycerine injections in clcphaiitiasia, 763 
Glycophagus, 691 
Glycosuria, benign, IS 

lu muluriu, 49 

Glyphenarsine, 8S5 
Glyptocranium gastcincanrhoidcs, 841 
Gnathostoma bpingerum, 845 
Gnats, 1047-9 
eye, 1062 

Goats and eiicephahtLS jaiioiiica, 636 

and hydatids, 965 

and hngiuitula, 1909 

and Q fever. 251, 253 

and rabies, 364, 367 

and Ilift A'alley fever, 357 

and roimil- worms, 978 

and scbistosomiasis,, 714, 733 

■ and tick tyidins, 242, 246, KU i 

and trj'paliosoniMSis, 112, 133, 907 

and uiidulant fever, 292-5, 302-3 

and yellow fe^■e^, 334 

corpnsck* tost, 275 

Goeldia a sabethiue, 340 

longipes, 1003 

Goitre, 22, 140 
Gondl, 917 
Gonorrhoea, 1, 17 
Goosefoot (.>f/M'liPiio]i(Mlium> 

Gopalan .syntlrome, 42:> 

Gopher and tnlanemi.i, 2S5 

and typhus, 221, 243 

jiocket-, 1915 

Gorgoya, 188 (vc a/.sc llelapsing fever) 

Gorilla, 886, 973. 977 
Goundou, 610-12 
Gout, 5, 18 
Grahamella, 213 
Grain itch, 691 

Granulocytopenia tine to Chloromycetin, 232 
Granuloma, amoebic, 590, 503-t, 597 

wccidioidal, 627 

conjunctival, .seliLstusome egtrs in, 709 

mgumale, 654 

malarial, 44 

of pudenda, ulcerating, 654-60, 882 

parasitic, 163 

venereum, 654 

Graomys griseoflavus, 266 
Greenglide m malaria propliyl.ixis, 99 
Grenz raj's m leishmaniasis, 169, 172 

m ocular leprosy, 596 

Griesinger*s disease, 195'(A'ee aluo Weil’s disease) 
Griping in dyseuteiy, 477, 479, 490 
Grison, 911 

Grocer’s itch, 691, 1008 

Groin-glands, mflammatiou of, in lilariasis, 766 

varicose, 747, 753-4 

Gros nez, 610 

Ground itch, ,S()5, .S13-14, 974 
Ground-squirrels, 265-6 

and leishmaniusis, 916 

and plague, 263-5 

and tick typhus, 242, 246 

and tiilanemla, 285, 1016 

control of, 283 

flea of, 1068 

sandflies and, 1017 

Grouse, 283 

Gu^iitara fever, 312 {see also Oroya fever) 
Guamieti bodies, 392, 395 
Guinea-pigs and amoebiasis, 920, 924 

and balantidiasis, 935 

and BuUis fever, 383 
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Guinea-pigs and clKdoru, 4.Vj 

and heat-stroke. -'lUh 

and leptospirosis, 196, 199, -(hi, 2(i6 

and lymiihogranulom.i veuoivum, 6-47 

and melioidosis, 2S9 

and Murray Talley eiiceplrditis, 6."7 

and ]isititaeosis, Ulil 

iind Q fever, '27>l-o 

and rabies, 

— '■ and rat-bite fever, 2(>7 

and relapsing' fever, ISO, IS] 

— .Liid schistosomiasis, 946, 9o(l, 952 

and toxoplasmosis, 917 

and trichomonas iiitecdioii, illil 

and tiypauosoniicisis, 121, 121, l.'lfl, 909 

and tulanemia, 2.Sr)-6, 2S8 

and typliua, 222, 224: 

and lindulaiit fever, 29a 

and veld sore, 667 

and Weil’s disease, 919 

and yellow lever, ii.‘16-7, hoa 

Durand’s virus in, .'loo 

Guinea- worm, 7S;> (.set- ulsu Dracunti.isis; 
Driicuntulus) 

Gul]ian-Barr6 syndrome, 974 
Gums in iiellagra, 495 

ill seiimy, 444 

Gutstein’s rncthod, 992 
Gynsecomastia in leprosy, TiSO 
Gyraulus prashadi, 94r) 

H antigens in enteric, 918 
Habronema museie, 1057 
Haemadipsa, 84K 
Haemagogus, 994, 399-40 

eapricorni, 939«., 940 

equinus, 939, 340 

spegazzinii falco, 330, 333, 399-40 

splendens, 340 

tropicalis, 340 

uriartei, 340 

Haemaphysalis, 1012 

cinnabariiia, 842 

eoneitma, 246 

humerosa, 259, 1015 

leadn, 247-S, 1015 

leporis-pulustris, 284 

Haematemesis in dengue, 381 

in epidemic htcmorrhagic fever, 98 1 

m malaria, 57 

iu schistosomiasis, 724, 72S 

Haematinalbumin, 62 
Haematinic plastules in malaria, 93 
Haematinuria iu malaria, 63 
Haematochylurla, 757 

Haematoma, subscapular, preceding rupture of 
spleen, 50 

Haematopinus, 1065 
Haematopota, 1049-50 
Haematoxylin and eusin stain, 1076 

test, Tribondeau’s, 1077 

Haematiuia, emlemic, 702, 707 (nee alw Schistoso- 
miasis, genito-unuary) 

iu epidemic hiemorrhagic fever, 984 

— — in leptospirosis, 201 

in schistosomiasis, 707, 712 

precipitated by proguaiiil, 89 

Haemoculture in enteric fevers, 312, 317 

in undulant fever, 300, 807 

Haemodipsus ventrieosus, 285 
Haemotl^eUates, nomenclature, 917 
Haemoglobin, sickle-cell, 28 
Haemoglobinuria due to ciuinhie, 61 

foUowiug blood transfusion, 859 

in bLackwater fever, 60, 62, 66 

in sickle-cell anaemia, 28, 29 

malarial, 60 

mechanism of, 63 

paroxysmal, differentiated from blackwater 

fever, 64 
quinine, 84 

Haemoglobinuric fever, 60 


Haemolysis, meclianisin of, in blackwater fever, 62 
Haemolytic amemia, acute, in malaria, 57 ’ 

due to antimalarial drugs, SI 

hypochromic, associated with s]ileno- 

megaly, 73 

macrocytic, 25 

crises lu siekle-cell ana:‘mia, 28 

transfusion reactions, 851, 853 

Haemophilia, snake venom in, 839 
Haemoproteus, 887 
Haemoptysis, eiidoimc, 791 

in epidemic hiemorrliagic fever, 3S4 

iu leptospirosis, 201 

in scurvy, 144 

in tropical eosiiiui»bilia, 71)0 

in tuberculosis, 20 

Haemorrhage(.s), cutaneous, in atriphcism, S22 

in amoebiasis, 500, 503 

in blackwater fever, 66 

iu cariluc bcri-beri, 127 

iu dengue, 981 

in infantile cirrhosis, 452 

in kalii-azur, 152-9 

in malaria, 49, 57, 95, 541 

— — ill onyalai, 699 

m plilgue, 269, 271 

— — in <iuininc poisoning, S4, 85 
— — • in relapsing fever, 188 

in scurvy, 444 

iu tick typhus, 249 

III trichiiiiasis, 987 

in typhoid, 914, 920-1 

in undulant fever, 307 

in verruga peruana, 217-lS 

iu Weil’s disease, 199-202 

— iu yellow fever, 341-2, 346-7, 300 

induction of, iu suake-bite, 836 

Haemorrhagic fever, epidemic, 384 

fevers, 385 

— — malaria, 57 

Hsemorrhoids in candidate for tropics, 3 

internal, 541 

Heemosiderin, 43, 74 
Haemozoin, 34-5, 39, 43, 887 
Haffkine^s inoculation m cholera, 470 

ill plague, 280 

Haffldnine (see Atebrin) 

Hair, affections of, 687 

bleaching ol, due to chluroqunic, 87 

in kwashiorkor, 446-7 

in leprosy, 579, 581 

Halarsol, 874 

in amoebiasis, 512 

in yaws, 618 

Halcyon scnegalensis, 334 
Halzoun, 936 
Hamadryad, 833 
Hamsters and amoebiasis, 020 

and Colorado tick fever, 383 

and leislimaniasis, 146, 148, 164, 913, 915-16 

and leprosy, 569 

and leptospirosis, 203 

and poliomyelitis, 640 

and relapsing fever, 180 

and Eift Valley fever, 357 

■ and scrub typhus, 240 

and schistosomiasis, 950 

and tulaKEmia, 286 

— — Syrian, and tapeworm, 966 
Hands in leprosy, 583-4 

treatment, 597 ’ 

in pellagra, 435-7 

in yaws, 609, 642 

Harara dermatitis^ 389 

Hares, 285, 1009 

Harvest-mite, lOlO 

Hasheesh, 825 

Hats for tropical wear, 11 

Haverhill fever, 208-9 

Hay fever in candidate for tropics, 1 

Head, leprous lesions of, 581 

Headache caused by chloroquine, 87 



Headache follo\Mug blood trausfusion, S59 

frontal, in poliomyelitis, 641 

m cysticercosis, 9‘i3 

in ilun-ay Talley encephalitis, 63S 

in rickettsialpox, 255 

in Weil’s disease, 201 

malarial, 50, 53 

treatment, 94 

— — neurasthenic, 632, 634 

temporal, m trypanosomiasis, 116 

Heart and blood vessels, diseases of, 15 

complications in pinta, 686 

- — disease, rheumatic, 15, 19 

sjTihilitic, 15 

effects of emetine on, 508 

failure, congestive, 15 

in endocardhil fibrosis, 16 

m beri-beri, 419, 422, 426 

in blackwater fever, 66 

in malaria, 42, 43, 55 

treatment, 95 

in plague, 271 

m schistosomiasis, 708 

m yellow fever, 348 

m ancylostomiasis, 803-5 

in ben'-beri, 413-14, 417-21, 425-7 

in cholera, 46(1 

— in epidemic drojisy, 827-8 

Inemorrhagie fever, 384 

in liver abscess, 525 

in malaria, 44, 71, 86 

m pellagra, 434 

in plague, 269, 271 

in pulmonary schistosomiasis, 7(J8 

ill scrub typhus, 238 

in scurvy, 444-5 

in sprue, 548 

In trypanosomiasis, 115-16, 134, 138 

lesions in candidate for tropics, 2 

microfilariie in, 742 

Heat, acclimatization to, 4U6 

cramps, 400 

exhaustion, 398-401 

Heat -hyperpyrexia, 399, 401-6 

treatment, 404 

Heat-stroke, 398-9, 401 

acute, 403 

hut or ward, 406 

Hedgehog, African, 10(J9 

and schistosomiasis, 946, 950 

and yellow fever, 334, 336-7 

Moroccan, and relapsing fever, 180 

Primer’s, 333-4 

Heliobrom m Calabar swellmgs, 774 

in onchocerciasis, 782 

Helleaopolypus, 839 
HeUiceUa, 945 
Helxoinal, 874 

Helminthiasis, blood iii, 1080 
Helminthic dysenteries, 538 
Helminthology, medical, 936-1006 
Helminthoma elastiea, 754 
Helminths, eggs of, in stools, 1081-2 
Heloderma, 837 
Hemibia, 954 
Hemiculter, 940 
Hemiplegia in cysticercosis, 819 
Hemiptera, 1065-6 
Hemispora stellata, 629 
Hemlsporosis, 629 

Henry’s sero-fiocculation test in malaria, 77 

Hepatex, 560 

Hepatic abscess, 517 {see also Liver abscess) 

amoebiasis, 517 (see also Liter abscess. 

amcBbic) 

cirrhosis, intercellular, 452 

phlebotomy, 515 

Hepaticola hepatica, 985 
Hepatitis, amoebic, 503, 505, 007, 521 

treatment, 515, 531 

enzbotic, 357 (see also Rift Talley fever) 

infective, 203, 229, 355 


INDEX nil 

Hepatitis, infective, conveyance by syringe, 849 

differential diagnosis, 348-9, 389 

in yellow fever, 347 

— —suppurative, 527 

typhosa, 314 

Hepatocystis kochi, 886-7, 896 

murinum, 887 

vassal! malayensis, 88 6 

Hepato-lienal fibrosis, 721, 731 
Hepatomegaly m sickle-cell aniemia, 29 

post-malanal, 74 

Hepatosplenography, tlmrotrast, 530 
Heptachlor, S61 
Hernia, guinea -worm m, 787 

in candidate for tropics. 3 

Herpes labialis m dengue, 3So 

in malaria, 4S, 52, 55 

m relapsing fever, 186, 190 

in Weil’s disease, 200 

simplex, 670 

zoster, differential diagnosis, 591 

in leprosy, 5SO 

Herpetomonas, 165, 917 
Herxheimer reaction, 128 
Heterochromia, 583 
Heterodera radidcul'i, eggs of, 1082 
Heterophyes bievicasca, 941 

lieterophyes, 539, 940, luSl 

katsuradai, 941 

taihokui, 941 

HETP, 861 
Hetrazan, 874 

allei^ic reactions to, 768, 775, 782 

citrate in ascariasis, 800 

combined with antryitol. 782 

infilariasis, 753, 758, 767-S, 905-6, lU(Jl-2 

prophylactic, 769 

in larva migrans, 846 

in loaiusis, 774-5 

in onchocerciasis, 780, 782 

toxic effects, 768 

Hexaethyl-tetraphosphate, 861 
Hexamine, 874 
Hexylresorcinol, 874 

in ancylostomiasis, 810 

in ascariasis, 7U9-S(J0 

in cestodiasis, 816 

in tlireadworm infection, 983 

in trematode infection, 937 

in trichuriasis, 985 

Hiccup in black^^'ater fever, 66 

in dengue, 381 

in dysentery, 491 

in relapsing fever, 188 

ill scrub typhus, 239-40 

Hill diarrhoea, 554, 563-4 

— sprue following, 553, 563 

Hip-joint infections in loaiasis, 773 
Hlppelates papilhpes, 602, 1062 
— - pnsio, 1062 
Hippeutes cantori, 937 
Hippomane mancinella, 824 
Hippopotomus, 1052 
Hi^amine test in leprosy, 590 
Histiotus, 911 
Histocytes in dysentery, 484 

in leprosy, 573 

Histomonas meleagridis, 929 
Histoplasma capsulatnm, 630 
Histoplasmin, 630 
Histoplasmosis, 630 
“ Hitch-hiking ” of bot-flies, 1064 
Hitzenberger’s test, 507-8 
Hodogenes opisthophthalmus, H4U 
Hoeges, method of, 366 
Hog’s stomach, powdered, m kwashiorkor, 450 
Holarrhena, 874 

floribunda, 513 

Holoendemic malaria, 34 
** Homologue blockers,” 86 
Hongkong foot, 678 
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Hookworm disc.tsc, Si»l-i3 al.su Ancylobtu- 

miiisbi) 

— — cCjEr-j, metlioil of <.‘(iniitiiiur, 1«IS2 

liirvii*, ciiliiviitioji of, 1)75 

— — Jite-liNtovr, 071 

iiew-worltl, 07:» 

old-woiM, 070 

Hoplopsyllus anoinitliis, 2(J7i, inns 
Hormodendrum, 025 
Horse and lad-llics, lOOd— t 

and diMOOiitia^is, 1005 

and encejihalitis, 6:>6, GoO 

■ and byatid, Ofio 

and melioidosis, 21)i) 

— - and MaiTay Valley oneojdialitih, 008 

and orieiitnl sore, 104, 010 

— — and rabies, 004, 507, MOO 

and round- worms, DOS 

a.ud sclijstosumiasis, 7M(I, 7 M2, 1.IM2-M 

and sporotiicliosis, G20 

— — and tieks, lOJO 

— and tiyiiaiiosomia^iR, 115, 005, 007, 1051 
and nn(lula,nt fever, MOl 

and yellow lever, MM4 

8tnmaeli-wovm of, 1057 

Horseflies, 1010 
Horse-leech, S4S 
Hot weather car, 6S1 
Houseflies, 1057 

and amiuluasis, 101 

and dysentery, 172, 401 

and hydatids, 005 

deslruntinn of, 8(54 

- — - lame, 847 

rosistauco to mscetienlu in, SO 7 

Housing III tropics, 400 

Howell Joly bodies, loso 

Hudson {Admiral) Duster, SOO 

Humidity, atiiiospherie, niid idmiern, 155 

Hundfleber, .‘ISO isre also Ldileliotonius lever) 

Hungeroedem, 420 

Hyaline, lai^fo, 10 7S 

Hyalitis, asteroid, m oiiLdioeeveiasis, 7S0 
Hyalomma, 25M 

u'tfyptiuin, 251 

maritiiiatiim, ;1S5 

— — mauritaiiieiim, 251 

saA'i^fiiyi, 251 

Hyaluronii^se, 052 
Hydatid, 063-6 

alveolar, 064-5 

eysts, 004-5 

diagnosis, 065-0 

sand, 064 

suppux’atiug, dill'erentnd diugimsih, 527 

thrill, 065 

Hydnestryle, 873 
Hydnocarpus niithelmintieii, 505 

oil, 868, 874 

ethyl esters of, 873 

lu leprosy, 505-6 

Wightiana, 595 

Hydrartlirosis in, brucellosis, 200 
Hydrobiodes, 939 
Hydrocele, filarial, 759, 778 
Hydrochloric acid in sprue, 562 
Hydrocyanic-acid fumigation for bugs, 1066 
Hydrogen peroxide in trichuriasis, 085 
Hydropericardium in beriberi, 419 
Hydrophinse, 832 

Hydrophobia, 364, 369 (fser also Eabies) 
Hydrothorax in beriberi, 419 
Hylesia urtieaiis, 602 
Hymenolepis diminuta, 967, 1070 

fraterna, 966 

murina, 966 

nana, 815, 817, 871-2, 884, 966 

eggs of, 1082 

Hyoscyamlne poison mg, 821 
Hypereesthesla in leprosy, 579, 587 

in trypanosomiasis, 115, 120 

Hyperchlorhydria, bar to tropical life, 2 


Hyperendemic innl.iri,) 33 
Hyperglobulinaemia in lyiii]>h(t5r!inuh)ui,i ven- 
crcuni, 651 

Hyperglycaemia in tropics, 631 
Hyperhidrosis, (diniatic, 071 [sfvalso Ihielclv lieutj 

in Iciirosv, 59(i ^ 

Hyperkeratosis, Inlbculir, 130 

Ill sprue, 551 

ill leprosy, 579, 590 

in p(41a,g*ra, 436 

ill pinta, GS5 

in yaws, 004 

Hyperkinesis in (*^'ritiecrcosis, 003 
Hyperpiesia, 2, 15 

Hyperprotinaemia in eirrbohis of JiN'er, 14 
Hyperpyrexia in cliolera, 462 

in kala-aziir, 153 

ill malaria, treiitmont, 05 

in tvypaimsomiasis, 115, 12<J 

in imdulant fe\er, 208-0 

Hypersensitivity in tilariasm, 740 
Hypertensive leiial diseiiso, J5 
Hyperthyroidism, 5 

Hypoalbuminsemia iii hwashiorkor, llo, 410 
Hypochloriemia in b(‘:iL-li\ lua-pyrexia, 102 
Hypocholesterolaemia m hprnc,' 550 
Hypochondriasis, 033 
Hypoderma, 815 

bovjs, 843, lO(i I 

line.ita. 813, 1061 

Hypoendemic jn.ilann, 33 
Hypopigmentation iii iLiuosy, 570 
Hypopus, HI 6 S 

Hypopyon iritis in sindnnne, 13 

Hypothalmichthys iiobilis, OK) 
Hypothyroidism, 5 
Hypsobia, 05 1 
Hysteria and rubies, 371 
bar to troiiieal life, 5 

I. c.vsts, 028 

Ice in li(‘Ml-liyi)(‘i’pyiv\ia, 10 1 
Ice-bags in (‘(a’i4uMl lunl.iria, !li 

Ichneumen, 70i 

Ichthyosis, dillcivnliial iliagimsi'-, 682 

luc.uididate lo.r troiues, I, 308 

in leprosy, 500 

Icterus I.VV .Jaundiee) 

gra\ IS, 105 (.vcc ff/.ve W eil’s disease) 

Ideal tube inelbod of testing for ag^dutinogeiis, 853 

Idus ineda iiotiis, 0 1 0 

Ikota, 644 

Ileitus, regional, 040 

Ileostomy in dysentiTy, 101 

auiu-diic, 516 

Ileus in trcnintodG infection, 037 
“ Immortelles,” 1033, l(i37 
Immunity renctiou in Jciitospirosis, 203 

to schistosomiasis, 7 28 

Impala and trypanosommsis, 131 
Impetigo contagiosa, 669 
Impregnated clothing, 806 
Imu, 64.*) 

Incas and espundiii, 173 
Indalone, 1072 
Indian hemp, 825 

tick-tvphus, 248 

Indiella, 622 
Inermlcapsifer, 068 
Infant feeding in tropii-s, 12 

yellow £c\cr in, 343 

Infanticide, poisons used in, 821 
Infantile beriberi, 408, 412, 421, 428 

cirrhosis of liver, 451-3 

kala-aizar, 144-5, 153 

jiaralysis, 630 aho Poliomyelitis) 

pellagra, 4M1-2, 430, 442, 446, 140 

scurvy, 445 

Influenza,‘dilferential diagnosis, 349, 303, 381, 381) 
Inguinal poradenitis, 646 (Are uUso Lynipho- 
graniiloma venereum) 

Inoculation of candidate for tropics, 6 
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Insanity", coiifiisiotiMl, Tt 

(Ic'luMuiul, lU.diUiM siimiLitiiii', -'jB 

— — due Ln liuslieesli, Si,”) 

‘ 111 loO, -lo7, 4o‘J~40, 412 

Insect lutes, lo 
Insecta, 1016-72 
Insectibar smoke, .S65 
Insecticides, S61-7 
— — smoke, 862 
(tho UDTj 

Insolation, 4(ll ahn Heat-liviiorpyrexia.) 
Insomnia iui<l neiuMstlioiu.i, 6;i:>-4 

Ill cholcTii, 464 

— - III enti'i'ic levels, .il2 
— — III epKlemie luemorrhimie fever, -‘>81 

in leiitos[iirosis, 2ill 

Ill jioILutrii, 4:-17. 4M1I 

— — in plileltotoinus lever, liSS 

Ill tiroi)ic«, S 

in trypiinosominsis, 116 

Ill ujnluliint fever, 2‘J6, :i<)8 

in yellow fever, HIO 

Insulin in sfiriie, 066 
Intercellular lieji-itic neerosis, 47)2 
Intercostal neiinili^i.i in undulnnt fever, 21lS 
Intermittent fever m mnlnrin, 48 

tliernijciiti<‘, lon 

in tryfi.niosumiiisiia, 140 

Intertrigo, 4, 676 

Intestinal iitrupby in sprue, .‘>55, .16:) 

Ijiilinrxiiisis (.sre Seliistosominsis, intesfinnl) 

eoeeidia, 1)62-4 

lliiqell,ites, l)21)-62 

imtiitum 111 malaria, 53 

myiiisis, 847 

obstruction iu *\iricun nntive.s, 13 

in. ascariusis, 797 

iu scliisto&omiasis, 723 

pimigonimiasis, 792-3 

piir.isites, 797-820 

oxiitumatiou of fieces for eggs of, ins L 

perforation in nmiebiasis, 500, 502-3, 515 

sand in fieces, 1086 

sjiriie, 535 

tnberciilosLs, 20 

Intestines in liysenteiy, anKebie. 109, 506-7 

luicillary, 17*6-7, 483 

in s]inn‘, 518* 

Intracuti- reaction of Froi, 650 
Intradermal test m bl.isLoruycosIs, 628 

Ill I'yhtieereijhis, 8lt) 

’ 111 (UMe()iitiasis, 7S7 

— — in lll.iriasis, 746, 750. 773, 781 

in liydntul c\st, 060 

Ill lymphogranuloma vcnei-eum, 650-1 

in scliistosouiinsis, 711, 726, 732 

in scurvy, 445 

m tncliiiiinsis, 087 

Ill tyiiliiLS, 23(1 

Intraduodenal treatment of taiiewomi, S17 
Intravenous lilood tninstnsiou, 857 

drill method 111 (iiunine therapy, S7 

in tryiiarsnmnle tliernpy, 126 

triiiisiusiuii, 859 

inieetion of (iiiiiiine, 86-7, 93 

therapy, 849 

Intussusception, 511 

in dysentery, 483, 503, 007 

in schistosomiasis, 721, 732 

lodamoeba butschlii, 495, 928 
Iodide in blastomycosis, 628 

ill coccidioidomycosis, 628 

in dermal leisliniiinoid, 155 

in mycetoma, 625 

in sporotrichosis, 629 

Iodine cysts, 928 

prophylactic, in goitrous districts, 23 

test for starcli in ftix-es, 1086 

— in leprosy, 580 

lodine-oxyquinoline-sulphonic-acid jirejinra- 
tions, 511 

lodochloroxyquinoUne, 511m., 513 


lodosol in infantile cin’lmsis, 453 
Ionization in oricnt.il S(jre, 172 
Ipecacuanha in amcebnisis, 508 
Iridectomy m ocular leprosy, 596 
Iridocyclitis lu dysentery, 482 

in leprosy, 582, 596 * 

in leptosphosis, 201 

m relapsing fever, 189-90 

in tryiianosomiasis, 118 

Iritis compliciitmg dysentery, 483, 491 

m leptospirosis, 2ul 

in relapsing fever, 187, 1S9-90 

in Weil’s disease, 2U1 

Iroko ilermatitis, 671 

Iron and arsenic iu inaluria ninrmia. 93 

therapy in anc 3 ''iostominsis, S(J‘’i 820 

in sickic-cell anaemia, 29 

iu siiriie anmniia. 560 

Iron -deficiency anaemia, 26, 3b 
Irsin, 823 

Isachne australis, 1045 
Iso -antibodies, 851-2 
Isodora ovoidea, 949 
Isoniazed, pellagra and 44(| 

Isonicatinic acid liydra/ade^ 4-(0 
Isoodon torosus, 253, 1015 
Isopentaquine, 81, 88, 874 
Isosporabelli, 933-4 

bigemiua, 934 

homims, 5iJ5, 541, 933-4 

rivolta, 934 

Italchina {nee Ateliriii) 

Itch, cow, 813 

dliobie’s, 674 

grain or gi’ocer’s, 691 

ground, 8b5, 813-14 

mad, 371 

paddy, 670 

sawaii, 670 

sedge-fiuol or swimmers’. 070. 950 

water, 813 

Itching in larv.i migraiis, 845 

m yaws, CU5, 6U7 

Itch-mite, 1007 
Ixodes holocycliis, SI2 

persulcatiis, 638 

jiilosiLS, 842 

riciuus, 385, 63S, 842 

californicus, 285 

Ixodidae, 1012, 1015-16 
Ixodoidea, lull 
Ixodophagus, lb 16 
Izumi fever, 385 

Jackals and dracontiosis, 100.3 

and hydatids, 963, 965, 967 

and leishmaniasis, 146 

and rabies, 364-5 

and relapsing fever, 180 

and sandflies, 1017 

Jacksonian epilepsj-, 731, 7:!3, 793 
Jaculus gordoni, 916 
Jaguar, 1963 
Jake paralysis, 425. S24 
Janthinosbma {see Psuropliora) 

Japanese river fever, 235 (aw aho Typhus, scrub ; 
Jatropha, S23-4 

Jaundice, acholuric, blood in, 1080 
catarrhal, 2U3 

complicating yellow fever inoculations, 353 

m ascarinsis, 797 

ui blackw^ater fever, 66 

m carbon tetrachloride poisoning, 8US 

in cholera, 464 

in clonorchiasis, 795 

m hepatitis, 349 

ui infantile cirrhosis, 452 

iu kala-azar, 145 

in liver abscess, 525 

hi lymphogranuloma venereum, 64S 

In. malimia, 47, 54 

in relapsing fever, 186-9 
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Jaundice iu sirkle-foll anx-mi.i, 

iu typhoid, :ili, oiO 

in tj'pliLirf, 22S 

'in uiidulaiit i’evei, .‘Jos 

in Weil’s disease, 1!)"), 20(1, 204 

— — ~ in yellow lever, .*127, a4U~7 

poat-iinfciinnny, 715 

post-sulplioue, 593-4 

Java febrifay:e in malaria. S’) 

sparrow and psittacosLS, .360 

Jejuno-ileal insuliieieney, ehronie, 54.5 
Jelly-fish poisoning, S39 
Jenghol poisoning, 324 
Jerboas and pliigne, 263-6 

and Q fever, 253 

and ticks, 1013 

Jerusalem oak (^see Chenopodium) 

Jinja-fly, 776, 1049 

Joint symptoms in undiilant fever, 202, 297, 299, 
308 

Joint-pains in dengue, 37S-S2 

m izumi fever, SS.'i 

in sickle-cell aiuemia, 28 

rheumatic, in Ijunphogrannloma venereum, 

648 

Jongck test, 424 

Junie’s method m elephantiasis, 762 

Jungle yellow fever, 328, 330, 333, 337, 340-1, 343 

Juxta-articular nodules, 613 

“ K form 235 (aw al,w Typhus, serulo 

Kabure, 731 

Kaffir milkpox, 391 (.svv ulfto Vlastnm) 

Kaflndo, 699 

Kahn reiu'tion in yaws, 60S 
Kakke, 40S {see also l-leril»eri) 

Kala-azar, 143-62, 1018 

acute toxic, 152 

mtiology, 145-6 

and oriental sore, 155, 163 

blood in, 152, 1078, 1080 

examination in, 157-9 

canine, 164 

clinical pictiu’c, 15 1 

congenital, 148 

diagnosis, 165 

diflEerential, 122, 125, 155, 159, 527, 529, 

630, 732 

dysentery, 152, .541 

epidemiology, 143 

fever in, 150 

immunity, 155 

Indian, 882, 914 

infantile, 144-5, 153 

Mediterranean form, 144, 101, 013-15 

pathology, 149 

predisposing causes, 148 

prognosis, 162 

prophylaxis, 162 

splenectomy in, 161 

Sudan, 882 

symptoms, 15)0 

transmission of parasite, 146-8 

treatment, 159-62, 869, 876-82, 885 

Kalerichal, 423 
Kangaroo, 963, 965 
Kangri -bum cancer, 83 
Kanyemba, 700 
Kaolin in cholera,, 466 

in sprue, 562 

leve, 874 

light, 874 

KapUon, 452 
Kaposi’s disease, 9 
Karakurt spider, 841 
Katayama, 954 

disease, 723, 729, 731 (sepalso Schisto.sonjiasis, 

eastern) 

Kathlolan, 1008 
Katipo, 841 
Kawa, 826 

Kedani mite, 236, 1011 


Kedani mite disease, 2.35 (see also Typhus, scruli) 
Kehr’s sign in rupture of spleen, 5()‘ ^ 

Keloid, 662 

“ Kent ” sprayer Lu malaria prophylaxis, 98 
Kerandel’s sign m trypanosomiasis, 11.5 
Keratitis, interstitial, iu leprosj^ 581 

piiiictatu in onchocerciasis, 775, 779 

vitamin deficiency, 438 

Kerato-conjunctivitis and seborrhnea, 670 
Keratoid exanthem, 605 
Keratomalacia iu kw^aslnorkor, 448 
Keratoses, solar, 9 
Keratosis pilaris, 436 
Kernig’s sign in poliomyelitis, 641 
— — - — m Weil’s disease, 201 
Kerosene, DDT m, 863 
Kerodon rupestris, 142, 1067 
Kerteszia mosquitoes, 864, 1033, 103 7-S 
Kgotsela, 110 
Kharophen (^see Acetarsol) 

Kliarsivan, 869 

in relapsing fever, 192 

Kharsulphan, 883 
Khasari, 822 

Kidney(s), contracted, in native races, 17 

dLsease in candidate for tropics, 3 

in native races, 15, 17 

enlarged, 73 

granular, in native races, 17 

hydatid cysts of, 965 

in ancylostomiasis, 803-1, 807 

ill blackwater fever, 65 

ill cholera, 460-1, 463-4 

iu dysenteiy, 477, 483 

- — - in epidemic luemorrhagic fever, 384 

in kala-azar, 149 

in leprosy, 570 

lu malaria, 43 

iu pellagra, 434 

in plague, 269 

iu schistosomiasis, 704-5, 707 

in trypanosomiasis, 114 

in typhus, 224, 237, 243 

ill WeiTs disease, 199 

in yellow fever, 342-3 

lavage of, in blackwater fever, 69 

microfilariae in, 742 

(see also Eeual) 

Kikuth’s Sdt.386B, 874 
Kinetoplast, 905, 907, 913 
King-fish poisoning, 840 
Kingfisher, Senegal, 334 
Kissing-bugs, 141n., 909, 1067 
Kittens and amoebiasis, 920, 924 
Klebs-Ldffier bacillus in veld sore, 667-8 
Kleineana, 1049 

Knott’s method of concentrating microfilaria, 749 

KobUS, 908 
Koganbyo, 670 

Koilonychia associated with chlorosis, 30 
Kokke disease, 384 
Kola nuts, 825 

Kondoleon’s operation in elephantiasis, 763 

Kopwehkrankheit, 226 
Korea, red fever of, 384 
Korin fever, 384 
Koro, 644 

Kors^ofl's syndrome, 425, 434 
Koussein, 875 
Kousso, 875 

in cestoidiasiR, SI 7 

Krait, 834 
Kroppie spider, 841 
Kudu, 1054 
Kukuruka disease, 355 
Kurchi, 874 

Kurchi-bismuth-iodide, 868 

bismuthous iodide, 513 

Kusotoxin, 875 
Kwashiorkor, 446-50 

and infantile cirrhosis, 451 

clinical picture, 447 
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Kwashiorkor, diagnosis, 449 

palhologj", 447 

social background, 450 

treatment, 449 

Labeo jordani, 940 

Lacquin in malaria, 82 

Lacrymal sac m ocular leprosy, 583, 596 

Lacto reaction, 303 

LactobaciUus casei factor (j,ee A'ltamin Mj 
lacti, 559 

Lactoflavin (^see Yitamin Bg) 

Laelaps jettmarl, 384 
Laennec’s cirrhosis, 452 
Laevulose tolerance test in liver abscess, 530 
Lagochilascaris minor, 970 
Lagophthalmos in leprosy, 581, 583, 596 
Lamblia intestinalis {see Giardia intestinalis; 
Lambliasis {see Giardiasis) 

Land-leeches, 84S 
Landry’s paralysis, 371, 425 
Langhans, giant cell of, 574 
Lanoline in mammiUaria, 401 

in prickly heat, 673-4 

Lanz’s operation m elephantiasis, 762 
Lardaceous disease {see Amyloid disease) 

Larva migrans, 814, 844^6, 874, 1011, 1UC4 
Larvae, bloodsucking, 847 
Latan, 643 

Latent malaria, 48, 52, 59 

sickle-cell anaemia, 29 

Lathyrism, 425, 441, 822 
Lathyrus sativus, 822 
Latrines, bored-hole, 493, 812 

provision of, 811-12 

Latrodectus, 841 
Lauseto Neu, 861 

Laverania malaxiae {see Plasmodium falciparum) 

Lead-poisoning, 425 

Leche de higueron, 800, 980 

Lecithin in malaria, 46 

Leech infection, 848 

Leg(s), elephantiasis of, 751, 760-3 

skin carcinoma of, 23 

Leishman-Donovan bodies, 143, 145, 149, 152, 
157, 159-60, 169-70, 541, 913 
Leishmania, 145, 913-17 

braziliensis, 155, 175, 913, 917 

caninum, 145, 155, 913 

chagasi, 143, 913 

culture, 146, 913 

donovani, 143, 145-6, 148, 153, 155, 164, 175, 

913-16, 1018 

— — infantum, 145, 155, 913 

myoxi, 164 

susceptible animals, 915 

transmission, 146 

tropica, 146, 155, 163-5, 16S, 171-2, 175, 913, 

916, 1018 

Leishmaniasis, 143-76, 916 

Americana, 173-6 

— — cutaneo cito exulceraiis, 164 
— — cutaneous, 153, 162 {see also Oriental sore) 

differential diagnosis, 726 

drugs for, 869, 873, 879 

mucosal, of Sudan, 175 

naso-pharyngeal, 163, 173 

nodular, 168, 172 

oro-nasal, 176 

post kala-azar, 153 

recidiva, 168, 170, 173 

tarde exulceraus, 164 

verrucose, 168, 172 

visceral {see Kala-azar) 

{see also Oriental sore) 

Leishmanin test, 170, 175 
Leishmanold, dermal, 153, 169 
Leishman’s method of staining blood-films, 146, 
156, 1076 
Lemming, 284-5 

fever, 284 

Lentocebus chiysomelas, 333 

37 


Lentz bodies, 366 

Leontlasis of face in leprosy, 578, 5S1 
ossea, 612 

Leopard and dracontiasis, 1003 

and flukes, 942 

and hydatids, 965 

and leptospirosis, 197 

and tapeworms, 959 

“ Leper juice,” 568 
Lepra cells, 573, 578-9 

fever, 590, 592 

reaction, 578-80, 503,595, 878 

Leprides, 576, 679-SO 
Leproma, 568, 572, 578, 582 
Lepromin test, 573, 575, 589 
Leprosy, 565-98 

aetiology, 566 

classification, 577 

clinical features, 576 

diagnosis, 686 

differential, 122, 154, 175,590-1, 662, 

686 

distribution of lesions, 580 

duration, 5S6 

epidemiology, 565 

immunity to, 574 

mcidence, 586 

lepromatous, 570, 572-3, 578, 580-3, 5S6-7 

589-91, 593-6, 598 

neural type, 573, 575, 578, 581-5, 591, 593 

nodular {see Leprosy, lepromatous) 

paralysis, 597 

pathology, 570 

predisposmg factors, 565 

prognosis, 591 

prophylaxis, 598 

rat, 569 

resolution, 586 

skin, 571, 685, 590 

treatment, 592-8, 868, 871-4, 878, 883-4 

tuberculoid, 571, 573, 575-6, 578-82, 586-S, 

591, 593 

differential diagnosis, 169, 688 

pathology, 574 

uncharacteristic, 578-9 

Leptocimex boueti, 1066 
Leptoconops, 1048 

Leptomenhigitis in trypanosomiasis, 114 
Leptomonas, 145-6, 918, 917 
LeptopsyUa, 279, 1068 
Leptospira, 919 

australis A and B, 198 

autumnalis, 305-6 

bangkinang, 198 

bataviae, 196, 198 

biflexa, 196 

bovis, 19S 

canicola, 197-9, 201-3, 919 

grippotyphosa, 196, 19S 

hebdomadis, 205, 919 

hyos, 198 

icterohsemorrhagiae, 195 -S, 203, 206, 335, 919 

icteroides, 197, 335 

meddanensis, 198 

muris {see Spirillum minus) 

pomona, 196, 198, 201 

pyogenes, 198, 206 

rachmat, 198 

Leptospires, 195 
Leptospirosis, 195-206, 385, 877 

{see also Seven-day fever; Weil’s disease) 

Leptosylla segnis, 233 
Leptotromblcula, 1011 

akamushi, 236 {see also Trombicula akumushi) 

Lepus brach 3 nirus, 286 
Leucarsone {see Carbarsone) 

Leucocyte -count, differential, 1077 
Leucocytes in childhood, 1078 

m malaria, 46 

stain for studying, 1076 

Leucocythsemia, 30, 155 
Leucocjdiosis, 1077 



1116 


INDEX 


Leucoc>i;osis ia amoebiasis, 503-3 

in clonordiitisis, 796 

in fluke uifectiun, 937 

in polioiuvelitis, 640 

in reUpsuig fever, 187, 189, 190 

in schistosnmiasis, 733-4, 731-2 

in sickle-eell aiiiomui, 29 

in trichiuiasis, 9S7 

in typhus, 24S 

in AVeil’s disease, 300 

Leucoderma, 591, 661, 6S6 
Leucogobio, 940 
Leucopenia, 1077 

due to Chloromycetin, 241 

in dengue, 380 

in kala-azar, 152-3 

in malaria, 46 

in phlebotomus fever, 388 

in schistosomiasis, 721, 724 

in scrub typhus, 239 

m undulant fever, 299, 307 

Leuksemia, differential diagnosis, 445, 529 

lymphatic, 30 

Lice, 1064-5 (see also Louse) 

Lichen framboesianus, 607 

planus, atebrm and, 91 

teopicus, 671 (see also Prickly heat) 

Lichenoid dermatitis, atebrm and, 91 

eruption in yaws, 607 

Lime in schistosomiasis prophyiaxis, 729, 733 
Limnaea pervia, 936 

stagnatilis, 956 

appressa, 956 

truncatula, 936 

vicetnx, 936 

Limnatus nilotica, S4S 
Limnotragus spekei, 112, 907 
Lingua nigra, 631 
Linguatula sen-ata, 1008 
Linguatulidae, 1008-10 
Lions, 1009 

Lipiodol m paragonimiasis, 794 

mjection in liver abscess, 530 

Lipoid response, 401 
Liponyssus bacoti, 220 

Lithium antimony thiomalate (see Anthiomaliue) 
Litomosoides carinn, 743, 750, 766-7, 774-5 
Littoral ceU, 755 

Liver abscess, amoebic, 471, 503, 517-34 

aatiology, 517 

diagnosis, 527 

differential, 79, 290, 527-9 

encysted, 520 

genesis, 521 

in infants, 517 

mortality, 527 

pathology, 518 

prognosis, 530 

rupture, 523, 526 

symptoms, 521 

treatment, 508, 531, 871 

(see also Amoebiasis) 

blood in, 1077 

in ascariasis, 797 

in melioidosis, 289-90 

in schistosomiasis, 724 

bilaterality, 520 

biopsy, aspiration, 452-3 

in kwashiorkor, 449 

carcinoma of, 23, 447, 450, 528 

cholesterin stones in, 15 

cirrhosis of (see Cirrhosis of liver) 

cysts, 528 

damage due to oil of chenopodinm, 799 

diseases in candidate for tropics, 2 

flukes, 936-7 

function tests in kwashiorkor, 449 

in malaria, 47 

hydatid cysts of, 965 

in ancylostomiasis, 803-4 

in bartonellosis, 215 

in beriberi, 417 


Liver in blackwater fever, 65, 66 

in cholera, 460 

in clonorchiasis, 795-6 

Ill dysentery, 477 

m epidemic dropsy, 827 

m Instoplasniosis, 630 

in izumi fever, 385 

in kala-azar, 149-51 

in kwashiorkor, 446-50 

m leprosy, 570-1, 5S6 

m malaria, 43, 47, 74 

in pellagra, 434 

in plague, 269-70 

m psittacosis, 361 

m relapsing fever, 181, 188 

m Rift Valley fever, 358 

m schistosomiasis, 709, 720, 723, 729-31 

in sickle-cell anaemia, 29 

in sprue, 548, 556 

in trypanosomiasis, 115, 118, 138 

in typhus, 224, 243-4 

m Weil’s disease, 195, 199-200 

in yellow fever, 342 

malaria parasite m, 891, 896-7, 900 

necrosis, in carbon tetrachloride poisoning, 

808 

paragonimiasis of, 792-3 

parasites of, 794 

puncture in diagnosis of kala-azar, 155-6 

in sickle-cell anaemia, 29 

pus, 519, 526 

rot, 936 

soup, 560-1 

syphilis of, 203-4 

therapy, folio acid and, 559 

in anaemia, 25, 26, 29 

dibothriocephalus, 815 

malarial, 93 

in blackwater fever, 69 

in sprue, 560 

Lizard skin in onciiocerciasis, 779 
Lizards, 1052 

venomous, 837 

Llamas, 1007 

Loa loa, 735, 741, 750, 769-71, 774, 874, 996-9, 
1075 

vectors of, 1049-50 

papionis, 996 

Loading dose of atebrm, 91 

Loaiasii, 769 (see Filariasis due to Loa loa) 

Loffler’s syndrome, 701 

Lolism, 826 

LoUum linicolum, 826 

temulentum, 826 

Lomidine, 161, 878 
Lone star fever, 383 

tick, 1015 

Louping ill, 638 
Louse, 1064-5 

and relapsing fever, 177, 180, 181, 184-5, 919 

and trench fever, 249 

and typhus, 220-2, 233 

destruction of, 865 

disinfestation, 193 

dog, and tapeworm, 967 

Louse-borne typhus, 223 (see also Typhus, 
epidemic) 

vaccine, killed, 256 

Low fever, 6 

Luargol in relapsing fever, 192 
Lucanthone hydrochloride (see Miracil D) 
Lumbar pain in izumi fever, 385 

puncture in cerebral malaria, 95 

in heat-hyperpyrexia, 404^5 

in phlebotomus fever, 390 

in typhus, 231, 240 

Limg abscess, amcebic, 526, 536 

in melioidosis, 289 

fluke, 942 

gangrene in typhus, 228 

Lungs, hydatid cysts of, 965 
in blastomycosia, 628 



Lungs m cholera, 460 

in coccidioidomycosis, 627 

in epidemic dropsy, 829 

in histoplasmosis, 630 

m kala-azar, 149 

m paragonimiasis, 791-3 

in plague, 269, 272 

m psittacosis, 361-2 

m Q feyer, 254 

in schistosomiasis, 708-9, 721, 730 

m trypanosomiasis, 115 

in typhus, 224, 237, 239, 243 

in yellow fever, 341 

microfilaria in, 741-2 

parasites of, 791 

rupture of liver abscess mto, 526, 533, 536 

syphilis of, 21 

Lupus erythematosus, atebrin in, 92, 875 

vulgaris, differential diagnosis, 168-70, 175, 

591, 657 

Lutrealina crassicauda paranalis, 911 
Lycosa tarentula, 841 
Lygranum, 651 
Lymnoea stagnatitis, 670 
Lymph scrotum, 747, 753, 756 

stasis of testes, 759 

Lymphadenitis, filarial, 746 

general, m trypanosomiasis, 140 

in dengue, 378-9, 380-1 

m kala-azar, 151 

in paragonimiasis, 793 

in rat-bite fever, 209 

m tularsemia, 286-7 

in typhus, 237, 239 

Ljmiphangiectasis, filarial, of spermatic cord, 
754, 769 

Lymphangitis, filarial, 746-9, 751, 752-3, 759, 
761, 766, 880 

in leprosy, 585 

in tick typhus, 247 

in trypanosomiasis, 139 

Lymphatic glands, filariae m, 736-7, 746-7, 749, 

/ 55 

in bartonellosis, 215 

in blastomycosis, 628 

in enteric fever, 311-12 

in histoplasmosis, 63u 

in kala-azar, 149, 151, 153 

in leprosy, 570-1, 584r-6 

in liver abscess, 525 

m plague, 269-70 

lu rat-bite fever, 209 

in rickettsialpox, 255 

in schistosomiasis, 721, 730 

in trypanosomiasis, 110, 114-16, 122-3, 

135, 140 

in typhus, 237-8, 243 

in undulant fever, 294, 299, 306 

m Weil’s disease, 199-200 

m yaws, 605, 607, 615 

leukaemia, 30 

obstruction in filariasis, 747 

spread of oriental sore, 168 

system, filariasis originatmg in injury to, 746 

parasites of, 735-90 

physiology of, 749 

trunks, thickened, 754 

varix, 737 747 

cutaneous, 754 

Lymphatic-gland palpation in trypanosomiasis, 
123 

puncture in kala-azar, 156 

in leprosy, 588 

iu trypanosomiasis, 122-3, 135, 140 

Lymphoblast, 1078 
Lymphocele, 756, 759 
Lymphocyte, 1078 
Lymphocytic choriomeningitis, 637 
Lymphogiranuloiiia inguinale, 646 

oculw, 650 

venereum, 646-63 

diagnosis, 270, 274, 660 


INDEX 1117 

Lymphogranuloma venereum, extra-genital 
infections, 649 

rectal stricture in, 542, 649, 653 

treatment, 652, 869, 876, 878, 880-3 

virus, 646-7 

Lymphopathia venereum, 646 (see also Lympho- 
granuloma venereumj 
Lymphostatic verrucosis, 626 
Lymphuria, filarial, 758 
Lynchia maura, SS7 
Lynx, 242 
Lysococaine, 883 
Lyssa, 364 (see also Eahies) 

South American, 367 

M. & B. 693, 883 

soluble, 883 

744 {see Diamidmo stilbene) 

760 , 883 

800 , 878 

Macaca, 124, 164, ISO, 207, 214, 285, 357, 359, 929 

cynomolgus, 909, 977 

fumcatus, 378 

fuscata, 336 

irus, 334, 336, SS6, 889, 994 

mulatta (rhesus), 334, 336, 353, 356, 378, 640, 

728, 886, 909, 912, 917, 924 

philippeusis, 378 

smicus, 336, 877 

speciosa, 741, 990 

sylvana, 334, 336 

syrichta mordax, 912 

Macaque (see Macaca) 

Macaw- worm, 843, 1063 
Machado reaction, 141 
Machoira, 838 

McKay’s method of staining flagellated body, 1077 
Macrocytic ansemia, nutritional, 25, 885 

of pregnancy, 25, 885 

Macrogamete, 901, 932 
Macrogametocyte, 35, 888-9, 892, 895, 901 
Macromerozoites, 899 
Macrophage cells in dysentery, 477, 484, 504 

in leprosy, 573 

Macropodus opercularis, 940 
Macules in leprosy, 573, 578, 588 
Mad Itch, 371 
Madarosis, 581-2 
Madra huba, 604 
Madura foot, 621, 883 
Maduramycosis, 621 
Madurella, 622 

Magnesium sulphate in trematode infection, 936 
Main-en-gri£fe, 584 
Maizes pellagra and, 432 

rickets and, 19 

Mai de caderas, 364n., 367 

de la rosa, 430 (see also Pellagra) 

de Ojo, 1062 

del Pmto, 683 

rosso, 430 (see also Pellagra) 

Maladie de la vase, 198 

des porchers, 196 

Malaria, 31-106 

abdominal forms, diagnosis, 80 

acces pemicieux, 55 

aetiology, 34 

after operation, 59 

algid, 55, 56, 86 

anaemia m, 25, 46, 57 

treatment, 93 

and paratyphoid-0, 317 

and pyomyositis, 693 

and rat-hite fever, 211 

anopheles vectors of, 1033-S 

at 3 rpical, 50 

benign tertian, congenital, 42 

course of fever, 51 

distribution, 31 

epidemiology and endemiology, 32 

fever in, 60 

m children, 59 
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Malaria, Ix'jiii^ii tfiluiii, jiernnl, -is 

pai.ibite, ay, 42, 887-8, syo 

tliei.ipputic, 104 

— ti’eutment, b7-y. 1.12-4, 672, S79, 

SS4 

uiiti-relapbe, 91, 94 

bilious remittent, 54, 79 

treatment, 94 

bliickwuter tever and, 60-1, 69 

blood changes m, chemical, 46, 1078 

— examiuation in, 76-7, 80, 1076-7 

ljune marrow in, 44, 46 

— — carriers, 33, 73, 75, 89 

central nervous system in, 44 

— — cerebral, 44, 55-6 

— difLerential diagnosis, SO, 403 

in pregnancy, 59 

treatment, S6, 94-5 

chemoprophylaxis, 102 

— - choleraic, 57 

classification of (VV.H.O.), 33 

— - clmical pathology, 45 

— — — picture. 47 

- signs, diagnosis from, 78 

types, 42 

complicating dysentery, 484 

leprosy, 577, 580, 595 

scrub typhus, 240 

trypanosomiasis, 118, 121 

complications, 59 

congenital, 40, 44, 70 

control, 1038-41 

cutaneous petechim in, 80 

diagnosis, differential, 80, 122, 155, 159, 204, 

290, 324, 381, 389, 424, 527, 753 

ol climoal varieties, 76-80 

skin scarification in, 1074-5 

dysenteric, 57 

epidemiology and endemiology, 32 

facies, 78 

fasces, 49 

fevers in, 42, 48-52, 80 

gastric, 57 

general management, 80 

geographical distribution, 31 

haemorrhagic, 57 

heart in, 44, 86, 95 

hidden, 40 

history, diagnosis by, 78 

holoeudemio, 34 

hyperendemic, 33 

hypoendemic, 33 

immunity, 61, 74-6 

in chUdren, 33, 48, 01, 58, 59, 74-5, 80 

treatment, 82, 87, 91 

in natives of tropics, 58 

in pregnancy, 59 

incubation period, 47 

inoculated (see Malaria therapeutic) 

jaundice in, 47, 54 

differential diagnosis, 80, 90 

— kidneys in, 43 

latent, 48, 52, 59 

liver in, 43, 47, 74 

malignant [see Malaria, subtertian) 

masked, 50 

mesoendemio, 33 

mixed infections, 58, 894 

morbid anatomy, 42 

nephrosis in, 17, 44, 52 

neurasthenia and, 632, 634 

(Edema in, 55, 57, 80 

ovale tertian, course, 52 

distribution, 31 

parasite, 39, 42, 889-90, 895 

pancreas in, 44 

parasites of, 886-904 

identification of, 1074-5 

(see also Plasmodium) 

pathology, 42 

clinical, 45 

pigments of, 31, 34, 43, 46 


Malaria pigim-nls (src ul.sa iln-mu'/oiii) 

premonitory stage, 48 

jirevalenee, estiniation ot, 71 

prognosis, 80 

prophylaxis, 95-106 

pulmonary turms, diagnosis, SO 

quartan, eouree of fever, 51 

distribution, 31 

nephrosis, 44, 52 

parasite, 39, 42, 888 - 9 , 895 

treatment, 92 

recrudescences, 48, 51 

recurrences, 51 

relapses, 39, 48, 51 

prevention, 89-91 

relapsing, 51 

relation to slouglimg phagedmiia, 663 

renal, 55 

secret, 40 

septiciemie, 55 

sequelse, 60, 71 

spleen m, 42, 49, 71, 78 

stages ol fever, 48-9 

staining flagellated body in, 1076-7 

snbtertian, hlackvmter lever and, 61, 65 

blood in, 1080 

congenita 1, 42 

course, 52 

differential diagnosis, 79, 191, 275, 348, 

505 

distribution, 31 

• — double crisis m, 54 

dysenteric symptoms, 541 

epidemiology and endemiology, 32 

m children, 59 

incubation period, 47 

jaundice in, 47 

parasite, 39, 42, 890-5 

pathology, 42 

pernicious attacks, 55 

quinme treatment, 85-6 

rarer clinical forms, 58 

transmission, 36 

treatment, 86-93 

suppression by milk, 36, 60 

survey, 1026 

symptoms, 47 

- — — syncopal, 56 

synthetic remedies for, 81 

tertian {see Malaria, benign tertian, Malaria, 

ovale tertian ) 

theory of black water fever, 61 

therapeutic, 46, 57, 61, 93 , 104-6 

in nephrosis, 105 

in rhinoscleroma, 697 

— quinine in, 83 

tolerance to, 33 

transmission by blood transfusion, drug 

addiction and salvarsan injection, 36 

by mosquito, 1026-38 

to fcEtus, 40, 44 

treatment, 80 - 95 , 869-73, 875-9, 881-4 

by acridines, 90 

by 4-amtnoquinolines, 87 

by 8-aminoquinolmes, 87-8 

by atebrm, 90-2 

by daraprim, 92 

by diguanides, 88-90 

by quinine, 81-7 

injections, 84-7 

typhoid remittent, 55, 79 

urine in, 49, 78 

vomitmg in, 48, 50, 63, 54, 07 

— treatment, 94 

Malarial amblyopia, 56 

appendicitis, 80 

— — cachexia. 70, 80, 87 

dysentery, 57, 541 

granulomata, 44 

hsemoglobinuria, 60 

type of enteric, 315 

Malaridde (see Atebriu) 



Malariol in malaria proplijiaxis, 98, 863 
Malassezia furfur, 675 
Male fern, 875 

Malignant gro^i;hs (see Caucerj 

malaria (see !Malaria, snhtertian) 

malnutrition, 446 [see also Kwashiorkor) 

Malmignatte, 841 

Malnutrition, malignant, 446 (see also Kwashior- 
kor) 

relation to cirrhosis of liver, 14 

Malocide {see Daraprim) 

Malta fever, 292 (see also Unrliilant fever, nieli- 
tensis type) 

Mama piau, 605 
Mammae, elephantiasis of, 766 
Mammillaria, 400 

in prickly heat, 672 

Manchineel poisoning, 824 
Mandelic acid, 875 

— in Bact. coli infections, 324-5 

Mandelix, 875 
Mandrill, 1009 
Mange, sarcoptie, 1007 
Mango toe, 678 
Mangrove 771, 999 

swamps as mosquito breeding-gromiUs, 97, 

1029 ’ 

Mania and rabies, 371 

in cyaticercosis, 819 

in melioidosis, 290 

in pellagra, 430, 437 

in trypanosomiasis, 12U, 134 

Manihot, 823 
Manioc poisoning, 823 
Mansonella ozzardi, 874, 995, 1048, 1U74 
Mansonia, 1024, 1042-5 

fuscopennata, 359 

microannulata, 359 

versicolor, 359 

Mansonioides, 738, 995, 1042 

africanus, 992 

annulatus, 995, 1044 

annulifera, 769, 993, 994-5, 1044-5 

Indiana, 1044-5 

longipalpis, 995, 1044 

uniformis, 992, 995, 1044-5 

Manure, transmission of undulaut fever through, 
294 ® 

Mapharsen, 875 

in malaria, 93 

in trypanosomiasis, 127 

Mapharside, 127, 701, 875 
Marcussen’s ointment, 1008 
Mard el bicha (see Kala-azar) 

Margaropus, 1013 
Marmlte, 426, 429, 441 
Marmosa cinerea, 911 
Marmosets, 180, 333-4, 338 
Marmot, 266 

and plague, 263-5, 272 

Marmota flavirostris, 265 

flaviventer engelhnrdt, 264 

nosophora, 264 

flaviveiitns, 242 

Marriott -Kekwick apparatus, 859 
Marseilles fever, 346 {see also Fi^vre bouton- 
neuse) 

Marshalko cells in trypanosomiasis, 114 
Masked naalana, 50 
Master yaws, 605 
Mastomys concha, 265 357 
Maurer’s clefts, 891, 893 
Mazamorra, 813 

M’buaki, 446 (see also Kwashiorkor) 

Meal worm and Coxiella, 251 
and rickettsia, 224 

Measles, 21 

differential diagnosis, 230, 240, 2 IS, 3SI 

Meat in kwashiorkor, 450 

in tropical diet, 12 

Mecholyl test for anhidrosis in leprosy, 590 
Medical shock in malaria, 43 
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Mediterranean fever, 292 (see also andnlnnt 
fever) 

yellow fever, 195 (see also "Weil’s disease) 

Meerkat, 364 

Megacolon due to dysentery, 483 

Megaloblast, 1080 
Megalocytes, lOSo 
Megalopygidae, 692 
Megarhinus, 102 :i 
Mehlnal^^chadung, 446 
Meige’s disease, 751 
Meiosls, 901 
Mel B, 128 

Melsena in epidemic inemorrhagic fever, 384 

in leptospirosis, 20 1 

Melancholia in cysticercosis, 819 

in pellagra, 437, 439 

Melania, 791, 944 

cancellata, 939 

ebenina, 942-3 

extensa, 943 

gottschei, 943 

hainaneSLS, 939 

hongkongiensis, 1)39 

libertma, 942-3 

nodicincta, 949 

nodiperda, 943 

obliquegranulosa, 943 

paucieincta, 943 

tuberculata, 939, 941, 943, 919 

variabihs, 939 

Melanin (see Haemozbin) 

Melanoma followmg yaws, 616 

mahgnant, m native races, 24 

Melarsen, S75 

B, 128, 135, 875 

in trypanosomiiisis, 128 

oxide, 875 

m trypanosonuasis, 128 

Melioidosis, 289-91, 528, 882 
Melitene reaction, 300 
Melopsittacus undulaius, 361 
Melung, 614 

Memory, loss of, in malaria, 56, 74 

in tropics, 8, 632 

West coast, 8, 632 

Mengoencephalomyelitis, 355-6 

virus, 355-6 

Meningeal leptospirosis, 201, 205 
plague, 273 

Meningism in undulant fever, 308 
Meningismus, 56, 480, 641 
Me]aingltis, bemgn lymphocytic, and phlebotonius 
fever, 389 

cerebro-spinal, 5, 22, 95, 883 

differential diagnosis, 248, 3S1 

malaria simulatmg, 56 

complicating undulant fever, 299, 308 

differential diagnosis, 125, 465 

in coccidioidomycosis, 627 

“ — in relapsing fever, 190 

in trichiniasis, 986 

leptospiral, 201 

menmgococcal, 883 

septic, and typhus, 230 

s^ine, 195 

typhoid, 314, 320 

Meningococcal septicaemia, acute, 22 

diagnosis from, malaria, 79 

fever in, 50 

Meningoencephalitis m Ijunphogranuloma 
venereum, 646, 650 

in toxoplasmosis, 917 

in trypanosomiasis, 140 

in undulant fever, 306, 308 

Meningo-encephalo-myelo-radiculitis, 308 
Meniscocytic ausemia, 29 
Meniscocyliosis, 29 
Menstruation lu tropic's, 4, s 
Mental changes in kwashiorkor, 446, 448-9 

in malaria, 56, 74 

confusion in ^^"eil’s disease, 201 
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Mental sequelae to tieat-hyperpyrexia, 405 

to typhus, 22 S 

Mepacrine, 81 {see also Atebrinj 

hydrochloride, 875 ^ 

m bladsx^'ater-tever prophylaxis, 70 

methane-snlphonate, S75 

Mepyramine maleate, 869 
Mercurochrome in moniliasis, 630 
Mercury poisoning, colitis due to, 541 
Meriones erythoiinis, 164 

meridiaiius, 164 

shawi, 236, 253, 266, 1014 

Mero 2 oites, 34, 39, 888-91, 893—4, 897, 900, 932 
Mersagel, 679 
Merthlolate, 876 

m ringworm of feet, 680 

Mesocydops, 1005 
Mesoendemic malaria, 33 
Mesulphen, 876 
Metabolism, basal, in tropics, 8 
Metacercarla, 791, 936-7, 939-40, 943, 948 
Metachirops columbianus, 334 
Metachirus nudicaudatus, 911 
Metacryptomerozoltes, 900 
Metacryptozoite, 887, 899 
Metagonimus yokogawai, 941 
Metaleishmaniasis, 168 
Metallic mtoxication with heavy metals, 872 
Metarsenobillon-M.A.B., 883 
Metatarsalectomy m leprosy, 598 
Meteoiism m sprue, 562, 562 
Methsemalbumin, 62-3 
Methsemoglobin, 62 
Methaemoglobinaemia, drug, 88 

in black water fever, 63 

Methaemoglobinuria in blackwater fever, 62 

plasmoqume, 83 

Methionine, 822 
Methonamina, 874 
Methoxychlor, 861 
Methyl bromide, 283 

Methylene blue in balantidial dysentery, 538 
Methylene -blue test in enteric, 319 
Methyl-rosanUine, 872 
Metopium toxiferum, 671 
Metramine, 874 
Mexican poppy, 827 

Mianeh fever, 179, 188 (see also Eelapsing fever) 
Mice (see Moose) 

Microcavla australis, 266 

galea, 266 

Microcytes, 1080 

MicrofUaria bancrofti, 735, 737-44, 766-7, 770, 
989 - 92 , 994, 998-9 

demarquayi, 736 

diurna, 735, 769 - 71 , 774, 998 , 999 

loa (see Microfilaria diurna) 

malayi, 735, 994 

ozzardi, 735, 996, 999 

perstans, 735, 770, 996, 999-1000 

volvulus, 670, 735, 775 , 777, 1001 

Microfilariae, 735, 744 

method of concentrating, 749 

Microgametes, 35, 894-6, 901, 932 
Microgametocyte, 35, 888-9, 892, 894-5, 901 
Micromerozoite, 899 
Microphage, 1077 
Microscopes, care of, 1072 
Microscopic^ examination of feeces, 1081-7 
Mlcrotrombidium, 1011 

n.Trfl.TnnH hi , 236 (see also Trombicula akamushi) 

Microtus, 1011 

arvalis, 196 

gueutheri, 916 

michnoi pelliceus, 638 

montebelloi, 195, 206, 236, 919 

Middle-ear disease in typhus, 228 
Midges, 1048 

and filariasis, 996, 1001 

Miescher*s tubes, 904 
MikoUcz cells, 697 
Milibis, 876 


Milibis in amcebiasis, 513, 516 
Milk and infantile cirrhosis, 451-2 

and Q fever, 251, 254 

as source of dysentery. 474 

m kwashiorkor, 45 

suppression of malaria by, 36, 60 

transmission of anterior poliomyelitis by, 640 

of undulant fever through, 293-4, 302-6, 

309 

Millieta sericea, 821 

Millions -fish in malaria prophylaxis, lOO 

Milroy’s disease, 751 

Miner’s worm, 970 

Mink, 783, 791, 958 

Minnow, 941 

Miraa poisomng, 826 

Miracidium, 937, 947-S, 953 

MiracilD, 716, 727, 733,876 

Miriadlascope, 1087 

Mirzachit, 644 

Miscarriage, 4 

in malaria, 82 

Mite typhus, 219, 221, 235-41 
Mites, 1007-8, 1010-11 

and epidemic hamiorrhagic fever, 384 

and rickettsial-pox, 255 

and tropical eosinophilia, 701 

and typhus, 221, 235-7 

Ticket tsiie of murine typhus m, 233 

skm-burrowiug, 845 

Mitigal, 876, 1008 

Mitx^ stenosis iu candidate for tropics, 2 

in tropics, 15 

Mitsuda test (see Lepromin test) 

M methanesulphonate (see Atebrin) 

Mole lut, 916 

MoUuscicides, 719, 729, 734 
MoUuscuxn contagiosum, 218 
Monel metal, 101 
Money spiders, 1011 
Mongoose, 265, 356, 958, 965 
Moniliasis, 630 
Monitor, 1052 

Monkey and amcebiasis, 496-7, 514, 920, 924, 
928-9 

and balantidiasis, 935 

and bartonellosis, 214-17 

and bot-flies, 1063 

and cestodiasis, 960 

and dengue, 378, 382 

and dracontiasis, 78-4 

and encephalitis, 636, 639 

and filariasis, 994, 996, 999, 1003 

and hydatids, 963, 965 

and leishmaniasis, 146, 164 

and leprosy, 569 

and leptospirosis, 199 

and lymphogranuloma venereum, 646 

and malaria parasites, 886-7, 896 

and phlebotomus fever, 386-7 

and poliomyelitis, 640 

and psittacosis, 361 

and rabies, 366 

and rat-bite fever, 211 

and relapsing fever, 180, 181, 183 

and Eift Valley fever, 357-9 

and round-worms, 970, 973, 975, 977, 981, 984 

and schistosomiasis, 716, 720, 946, 950, 952 

and sporotrichosis, 629 

and torulosis, 630 

and trypanosomiasis, 110, 115, 124, 909, 

912-13, 1054 

and typhus, 224, 237 

and undulant fever, 293-5 

and yaws, 602 

and yellow fever, 327, 332-7, 341-2, 348-9, 

353-4 

capuchin (see Oebus) 

green, 950 

Xjcb., 886 

leech infection of, 848 

patas, 973 
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Monkey, plasmodium infection of, 886, 889 

rhesus (see Macaca mulatta) 

sooty mangabey, 907 

(see also Oebus; Cercopithecus; Colobus; 

Macaca; Saimiri) 

Monkey-protection test, 338, 349 
Monocyte, 1078 
Monocyte-macrophage, 1078 
Mononuclear, 1078 
Monosporium, 622 
Moogrol, 595, 873 

iodised, 595 

Moose, 965 
Moranyl, 869 
Moro’s apple dietary, 491 
Morphia in dysentery, 490 
Morula cells of Mott, 114, 124 
Mosman ferer, 235 
Mosquito bites, 10 

boots, 12, 101 

breeding-grounds, 97-8 

cycle of Plasmodium, 35, 888, 901-2 

dissection of, 1023, 1026 

larTffi, destruction of, 98, 863, 867 

negrito, 1049 

repellents, 101-2 

Mosquitoes, 1019-47 

and dengue, 376-7 

and encephalitis, 636, 639 

and filariasis, 738, 740, 742, 743 - 4 , 990-2, 994 

and malaria, 33, 1026 

and Rift Valley fever, 357 

and tularaemia, 284 

and yellow fever, 327, 330-2, 336, 338-41, 352 

anthropophilic, 96, 1026 

artificial infection, 105-6 

distance of dispersal, 96 

in production of therapeutic malaria, 104 

killing off adult, 96, 862, 867 

measures taken against, 95, 352, 768, 862-4 

mechanism of blood suction, 744 

prevention of breeding, 97-100, 352, 768 

sabethoides, 330, 340 

screening houses and barracks against, 101 

tiger, 1045 

transmission of bot-fly eggs by, 1063-4 

zoophilic, 96, 1026 

(see also Aedes, Anopheles; Cnlex; Man- 

sonioides) 

Mosquito-nettiug, 100, 172, 768 
Mos^ foot, 625 
Moth dermatitis, 692 
Mother yaw, 604-5 

Motor traffic and spread of trypanosomiasis, 132 

of yellow fever, 353 

Moulage sign in sprue, 558 
Mouse and Bwamba fever, 355 

and Colorado tick fever, 383 

and dengue, 382 

and encephalitis, 636, 689 

and flukes, 938 

and giardiasis, 539-40 

and leishmaniasis, 146, 164 

and leptospirosis, 203 

and lymphogranuloma venereum, 647, 653 

and rnalaria, 886 

and murine typhus, 233 

and Murray Valley encephalitis, 637 

and plague, 261, 265 

and poliomyelitis, 640 

and psittacosis, 361 

and Q fever, 251-4 

and rabies, 365-6, 375 

and rat-bite fever, 207-8 

and relapsing fever, 178-82 

and rickettsialpox, 255 

and Rift Valley fever, 357 

and schistosomiasis, 946, 949-5(J, 952 

and tapeworms, 967 

and tick typhus, 242, 1016 

and torulosis, 629 

and toxoplasmosis, 917 


Mouse and trypanosomiasis, 121, 909, 912 

and tularaemia, 285, 288 

and yellow fever, 333, 336-8, 349 

flea, 1068 

multimammate, 265-6 

striped, 265-6 

Swiss, 366, 383 

Mouse-deer, 956 
Mouse-flea, 233 

Mouse-immunity test vaccine in rahies, 372 
Mouse-protection test, 335, 338, 349, 357, 637 
Mouth lesions m leprosy, 563 

in sprue, 551“ 554, 562 

sprue, 555 

Mozambique ulcer, 662 
MSb and MSbg, 875 
Mucus in stools, 1086 
Mugil cephalus, 941 
Mulberry rash m typhus, 226 
Mules, 629, 1063 
Muller’s test, 507-8 
Mullet, 941 

Multiceps glomeratus, 963 

multiceps, 963 

Mumps, 22 
Mumu fever, 753 
Muraena, 838 

Murine typhus, 219, 221, 232-4 
Murray Valley encephalitis, 637 
Mus jerdoni, 236 

musculus, 967 

sylvaticus, 967 

Musca domestica, 472, 847, 1057, 1063 

spectandra, 906 

Muscarine, 826 

Muscidae, 1051, 1057 

Muscle d^eneration in Weil’s disease, 199 

Muscle-fibres in stools, 1085 

Muscular atrophy in leprosy, 584 

Mushroom poisoning, 826 

Musk-rat, 285 

Mussels and ffukes, 944 

Mustard oil and epidemic dropsy, 827, 829 

Myalgia, epidemic, 22 

in epidemic hi^orrhagic fever, 384 

m malana, 54 

Mycetoma, 621-5, 872 
MydLl, 679 

Mycobacterium leprae, 567-70, 580-1, 583-5, 
587-9, 594-5 

murium, 570 

Mycosis fungoides, 591 

of ear, 681 

Mycozol in dhobie’s itch, 677 

Myelitis complicating antirabic treatment, 374 

undulant fever, 299, 300 

schistosome, 709 

Myelocyte, 1077 
Myiasis, 843 

mtestinal, 843, 847 

hnearis, 844 

nasal, aural and ocular, 843 

obligatory cutaneous, 1063 

subcutaneous, 843 

urinary, 847 

Myocarditis, 115, 987 
Myocrisin, 894 
Myoedema in beriberi, 416 
Myopia in candidate for tropics, 1 
Myosalvarsan, 883 
Myositis, tropical, 693 
Myospalax fontanieri, 916 
Myotis, 911 
Myriapoda, 842 

N.A.B., 876 

Nachtblau in skin biopsy in leprosy, 588 
Naga sore, 662 
Nagana, 1054 
Naganoi (see Antrypol) 

NaUs, effects of atebrin on, 91 
in leprosy, 579-80, 583 
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Nalls in pinta, 6S6 

oC candidates for tKijnch, 4 

ringi^’orin of, 6S0 

“ splinter ■’ Ikwnuriliiitzes ol. !*S7 

Naja bungaius, S'.VA 

tiara, Site 

iiaja, S33, 8:17 

Nami poisoning, S‘J:l 

Nanul^yami, 2<>r) [sec til.so Si'vt'ii-d.iy li'verj 
Nasal mriasis, S4 3 
Nasopharyngeal L.tiioor, 23 

leisliuiauiasis, 103, 173 

Nasopharyngitis in poliomviditis. Oil 

Nat- win -de, 644 

Nausea caused by proguanil, 80 

■ — — by snlphoues, r)S)3-4 

drug for, 870 

Necator americiuius, 801-2, S07-l(>, 973-5 

— eggs of, 10S2 

Neck, cancer of side of, 23 

rigidity in scrub typluis, 238-0 

Necrosis, mtestinal, in ilyseiitery, 576 

of bone in leprosy, 57i)-SO, 5Sl, 500 

of jaw bones in scurvy, 445 

of liver, iiei lopUilic, 342 

hyaline coagulation, 342 

plasmoquine, HS 

(quinine, 85 

Needle forest spicuhition in rickets, 19 

in sicblo-ccll nniL'ima, 2'J 

- — - iiitruvenoiis, 850 

Negatol, 932 

Negri bodies, 365-6, 374-5 
Neill-Mooser reaction iii Oroya lever, 21 1 

in typhus, 222, 233, 217 

Nematodes, 968-87 

eggs of, in fa*ces, 108 L 

Nematodln, 817, 871 
Neoantimosan (see Fouadiiij 
Neoarsaminol, 876 
Neo-arsenobenzolum, S76 
Neoarsenphenolamine, 876 
Neoarsphenamine, 617?<., S76 (.svv* a/,vo We<isal- 
varsau) 

Neo-bismuth therapy, in yaws, 6 IS 
Neocid, 1065 
Neocryl, 127, 876 
Neodiarsenol, 876 
Neo-halarsine, 876 
Neomycin, 515 
Neopelicanus rufescens, 3:51 
Neo-premalitie, 876 
Neos^varsan (Neoarsphenamine), 876 

and bismuth in. yaws, 618 

in cestodiasis, 960 

in goaudon, 612 

in pinta, 686 

in rat-bite fever, 211 

in relapsing fever, 192 

in tropical eosinophilia, 701 

in yaws, 617 

Neoschoengastia niinezi, 692, lull 
Neostaxn, 876 

in leishmaniasis, 160, 170 

Neostibosan, 877 

in leishmaniasis, 109, 170, 175 

in ulcerating granuloma of pudenda, 658 

Neotoma albigula, 912 
fuscipes, 912 

Nephritis, acute, and beri-lieri, 417 

hsemorrhagie, in plasmoquine therapy, 88 

in blackwater fever, 66 

in dysentery, 477 

in relapsing fever, 187 

in tropics, 17 

in trypanosomiasis, 114 

interstitial, in leprosy, 570 

Nephrosis, degenerative im.rcnchymatous, in 
malaria, 44 

in malaria, 52 

in native races, 17 

in yellow fever, 342 


Nephrosis, malaria treatment of, 105 
Nerium odorum, S2i 
Nerve abscess, leprous, 579 

compjlu'ations of undiiLint fever, 299, Bo.s, 

Nervous lesions, tociil, in cereln-al malaria, 56 

sv&tem, central, diseases ot, 5, 22, 632-65 

in blastomycosis, 628 

in malaria, ' 44 

in mumps, 22 

— - in pellagra, 343, 43(5-7 

,n rallies, 365-6 

I, I relapsing fever, iSU-'.io 

in torulosis, 629 

Ill trypaiiosoniinsis, 114, 120 

in typhus, 228 

effect ol tropiciil climate on, 8 

m leprosy, 572-3, 579, 587, 596 

Neural leprosy, 578 also Leprosy, neural) 
Neuralgia m undulant lever, 292, 297, 299, 3)J1 

intercostal, in unduiant fever, 298 

supra-orbital, in malaria, 50, 53, 94 

Neurasthenia and ammbiasis, 502, 5(J4 

in tropics, 8, 632-5 

Ill undulant fever, 301 

Neuritis, alcoholic, 420, 425 

arsenical, 425 

central, in pellagra, 434 

cnmplicatmg uncluhmt tev(*r, 299 

diabetic, and vitamin U,, 42 L 

ill relapsing fever, 1K7 

interstitial hypertroiihic, 591 

optic (sea Optic neuiiiis) 

— - periidieral, due to aiitrypol, 125 

— - to snlphoues, 594 

m l>enl)ori, 4US, 412-1:5 

Ill dysentery, 48:5 

ill leiirosy, 588, 590, 596 

in sprue,' 555 

— 111 tricliiniasis, 987 

rotrobulbiir, 438, 715 

nutritional, 423 

Neurobrucellosis, 299, :5ll8 
Neurofibromata, 591 

Neuropathy due to diaiuidmo stilliciie, 161 
Neuroses, imr to tropical life, 5 
Neurosis, ‘‘ startled,” and latah, 643 
Neurosyphilis, 22, 885 
Neutralization test in polioiiiyebtis, 641 
Neutrophil poiymorpliouuclear, 1077 
Newcastle bacillus, 471, 473, 475 
Niacin Nicotinic acid; Yitamin IJj) 
Niacinamide, 877 

Nicolas -Favre disease, 646 (ttee also Lympli- 
adenoma venereum) 

Nicolle’s white mycetoma, 621 
Nicotamidum, 877 
Nicotinamide in pellagra, 441-2 
Nicotinic acid, 94, 433, 441-3, 631, 877 

{see also Yitnuiiii E J 

aoidamide, 877 

Nidoko disease, 38 1 
Night blindness, 796 

cramps, 879 

N.I.H. anal swab, 982 
Nilodin, 716, 727 
Nine-mile fever, 254 
Nipples in leprosy, 585 
Nitroacridine with streptomycin, 232 
Nitroglycerin in cardiac beriberi, 427 
Nits, 1064^5 ■ 

Nivaquine B, 87, 94, 531, 540, 871 
Nocardia, 622 

mhiutissima, 675, 677 

tenuis, 688 

Nocht-Giemsa fumigation, 277 
Nodular dermatitis, 670 

■ leprosy (see Leprosy, lepromatous) 

Nodules in leprosy, 573, 578, 58], 586, 596 

juxta-articular, in yaws, 613 

sabcutaneous, in oiiental sore, 163 

in tularamia, 287 

Noma (caucrum oris) complicating kala-azar, 152-3 
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Noma (caiicniui orib) ooniplicatin^f malaria, 60 

— typhus, 22S 

Normoblasts, insu 
Normocytin Yitamm 

North American blastomycosLS, (>2S 
Norwegian scabies, 1007 
Nose and tliroat m tropics, 1 

in leprosy, 576, 5S1, oSH, 506 

Icecli in, S41 

oriental sore of, 167 

— treatment, 171-2 

tapir, 167 

Nosopsyllus, 1()6S 

tasciatus, 967, lOHy 

Notechis scatatns, 8:12 
Notezine (aee Hetrazaii) 

Novarsan, 876 
Novarsenobenzene, S76 
Novarsenobenzol, 876 
Novarsenobillon, 192, S 76 
Novatoxyl, S85 
Novostab, 876 
Ntaya virus, 355-6 
NU-445 in Bact. coli Infeotioii, 326 
Nuchal rigidity in scliistosomiitsis, 732 
Nuhuz Andraile’s disease, 692 
Nursing in blackwater fever, 69 
in sprue, 559 

Nutritional dj-strophy, 446(,j(e<? also K.\\ushiorkor_) 
maurocytio anietnia, 25 

— (edema, 425, 829 

letroliLilbiu’ neuritis, 423 

Nyssorhynchus, 1037 
Nystagmus m lieat liyperp 3 Tc\in, 405 

in Y'eil’s disease. 201 

in W'ernieke’s encephalopathy, 422 

Nyxolan-Hommel, 983 

O antigens in enteric, 318 

Obelia, 839 

Obesity, relation to diabetes, IS 
Obstructive stage of filanasis, 747 
Ochrogaster contraria, 671, 692 
Octadon degiis, 911 
Octochlor, 861, 1041 
Ocular lympliograiiuloma, 65U 

myiasis, 84‘3 

sparganosis, 960 

Ocular-glandular tulamniia, 287 
Odan-eki, 195 (see also Weil’ss disease) 

(Edema, acclimatization, 9 

angioneurotic, 731 

associated with gangrene of feet, 16 

comeal, due to atehnn, 91 

facial, m moth dermatitis, 692 

famine, 425 

m ancylostominsis, 803-5 

— ill atnplicism, 822 

ui beriberi, 414, 417-20, 424 

in epidemic dropsj’, S27-8 

— licemuri’lijgiL lever, 384 

Ill inliuitile cirrhosis, 452 

ill kala-azar, 15J, 153 

in kwashiorkor, 446-8, 450 

in liver abscess, 525 

in malaria, 55, 57, 80 

in nephrosis, 17 

—— in rat-bite fever, 210-11 

in schistosomiasis, 724, 731 

in spme, 054, 556 

in trematode infection, 937 

m tricUimasis, 987 

m trypanosomiasis, 115, 117-J8, 134, 139 

in typhus, 238-40, 244 

nutritional, 425, 829 

of ankles in scurvy, 444 

of eyelids in epidemic Imnorrhagic fever, 384 

in quinine idiosyncrasy, 84 

in relapsing fever, 187 

of face in onchocerciasis, 779 

of feet in macrocytic aniemia of pregnancy, 35 

peribuccal, 362 


(Edipomidas geofEi‘oyi, ISO, 182 
cedipus, 334 

(Esophageal veins, rupture of, in schistosomiasis, 
728 

(Esophagostomum apiostomum, 471, 539, 975-7 

■ — - stephanostomum, 471, 539, 977 

(Esophagus, cancer of, 23 

(Estridae, 1063 

(Estrus OTIS, 843, 1063 

Ohara’s disease, 284 (.see also Tiilariemia) 

Oil m malaria prophylaxis, 98 

in typhus j-tnqjliylaxis, 241 

Oliguria in malaria, 95 
Omnadin in trench fever, 250 
Omphalia lapifleseens, 817 
Omsk haemorrhagic fe\ eis, 385 
Onchocerca cmcutions, 775. 1002 

volvulus, 614, 738, 750, 775-9, 874, 1022-3, 

1049, 1075 

Onchocerciasis, human, 775-83 

diagnosis, 781 

ocular, 779-81, l(i02 

associated with trA'paiiosoiniasis, 

118 

patliology and symptoms, 776 

prophylaxis, 783, S6 1 

— — treatineat, 781-2, .S74, SSS 

Onchogryposis in jiuita, 686 
Oncomelania, 730, 953-4 
Onyalai, 699 

Onychia in mcmiliasis, 630 

in yaws, 609 

Oocysts, 901-2, 932 
Ookinete, 901 

Ophthalmia in relapsing fever, 187 
Ophthalmomyiasis, 843, 1063 
Opisthorchis, 940 
Opium in dysentery, 490 

in phlebotomus fever, 39o 

in sloughing phagedanui, 664 

poisoning, 821, 825 

Opossum and paragommiasis, 791 

and relapsing fever, 181 1 

and trypanosomiasis, 138, 112, 912 

and tjphus, 248 

and yellow fever, .'i33-4 

Australian, 912, 916 

Optic atrophy in onchoceremsis, 781 

in relapsing lever, 184 

in trypanosomiasis, 114 

neuritis due to tryparsamide, 127 

Orang-outang, 602, 886 
Orarsan, 512, S6S 
Orchitis, dengue, 380-1 
— — ■ filarial, 747, 759 

in fierre boutonueuse, 247 

in mnmiis, 22 

m trypanosomiasis, 118 

in undulaiit fever, 292, 297, 299, 307 

mnlarial, 58 

Oreja de cliicleros, 174 
Oriental sore, 162 - 73 , 913, lUiS 
aetiology, 164 

association of kala-azar with, 155, 169 

diagnosis, 169 

diflerential, 169, 391, 664, 793 

epidemiology and emiemiology, 163 

generalized non-ulcerating, 169 

geographical and seasonal distribution, 

163 

immunity, 164, 165, 172 

— incubdtKin period, 165 

pathology, 165 

prophylaxis, 171 

secondary infections, 169, 171 

symptoms, 166 

■ transmission, 147, 164 

treatment, 170 - 1 , 870, 872, S75-8, 880-1 

Orisol, 171, 870 
Omithodorus, 182, 919 

and relapsmg fever, 177 

asperus, 1013 
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Omlthodorus, destmctinn of, 866 

erraticus, 179, 180, 1014 

hermsi, 179, ISO, 183-4, 1014 

lahorensis, ISO, 1013 

marocanus, 170, 180, 1014 

moubata, ISO, 182-3, 194, 203, 866-7, 910, 

1012 

normandi, 1014 

papillipes (see 0. tholozanij 

parkeri, 179, 180 

savignvi, 910, 1013 

talaje.'lSO, 1013-14 

tartakowski, 1013 

tholozam, 179, 180, 1S4, 1013 

turiciita, 179, 180, 250, 253-4, 1013-14 

venezuelensis, 180, 1013 

Ornithosis, 360, 363, 651 
Oro, 821 

Oroya fever, 212-16, 1017 

blood in, 107S, lOSO 

Orsanine, 126 

Os calcis, endemic hypertrophy of, 690 
Osteitis dbrosa, 612 

in undulant fever, 297, 308 

in yaws, 612, 614 

Osteomyelitis in undulant fever, 299, 30S 
Osteoporosis in leprosy, 584 

in sickle-cell antemia, 29 

in yaws, 614 

Ostrich, 334, 750, 774 
Osvarsan {see Acetarsol) 

Otitis, desquamative external, 681 

externa diffusa, 681 

Otobius megnini, 251 
Otomycosis, 681 
Otorrhoea in relapsing fever, 187 
Otter, 791 

Ouabdine in cardiac beriberi, 427 
Oulou-fato, 365n, 

Ovalocytes, 1078 
Ovalocytosis, 28 
Owl, barn, 334 

burrowing, 283 

Ox warble, 1064 

(see Oattle) 

Oxaluria in tropics, 8 
Oxylan, 872 
Ox^etracycline, 884 
Oxyuriasis, 982 

drugs for, 872-4, 878-80, 884, 983 

Oxyuris vermicularis, 981-3 

P.530, 866 

P.A.B.A., 877 

Paca and yellow fever, 333 

Paddy itch, 670 

Psedrus omaticornis, 671 

Paget’s disease, 612 

Pahvant Valley fever, 284 (see also Tulanemia) 
Palate, perforation of, in leprosy, 583 
Paludrine, 877 (see also Proguanil) 

in blackwater fever, 68-9 

in malaria, 51, 81, 88 - 90 , 93, 94, 892 

dosage, 89 

effect on microscopical diagnosis, 76 

therapeutic, 104 

prophylaxis, 102 

resistance, 89-90, 93 

Paludrine-plasmoquine in malaria, 89 
Palusil (see Paludrine) 

P.A.M. in yaws, 619, 877 
p -amino-benzoic acid with streptomycin, 232 
Pamaquine (Plasmoquine), 81, 877 

effect on microscopical diagnosis, 76 

in malaria, 51, 87-8, 892 

combined with atebrin, 88 

with paludrine, 89 

with quinine, 88-9 

naphthoate, 94 

toxic effects, 88 

Pamaquine-compound, 88, 877 
Pan paniscus, 1001 


Pan satyrus, 334, 1001 
Panama ear, 681 
Panchina, 884 

Pancreas in kwashiorkor, 446-7 
Pancreatic cyst, 528 
Pancreatitis! chronic, 557 

haemorrhagic, in ascariasis, 797 

in malaria, 44 

Pandit’s reaction m filariasis, 750 
Pangolin, 973 
Pangonia, 1049 
Pani-ghao, 813 

Panstrongylus, 137-8, 906, 908, 1066-7 

chagasi, 1067 

dmiidiatus, 1067 

gemculatus, 142, 909, 1067 

megistus, 138, 141, 909, 1067 

Pantothenate deficiency and malarial parasite, 36 
Pantothenic acid, 424, 447 
Papataci fever, 386 (see also Phlebotomus fever) 
Papilloedema in cysticercosis, 963 
Papillomata, intestinal, m schistosomiasis, 721 
Papio, 957 

cynocephalus, 334, 996 

porcarius, 977 

Papides in leprosy, 573 

in yaws, 605-7 

acnminate, 607 

Para-amino-benzoic acid, 877 
Para -aminosalicylic acid (P.A.S.), in leprosy, 59 1 
Parabelminus carioca, 910 
Parabuthus, 840 
Paracheilognathus rhombea, 940 
Paracholera vibrio, 458 
Paracocddlodes brasiliensis, 628 
Parsethesia due to diamidino stilbene, 161 

in trypanosomiasis, 118 

in undulant fever, 299 

Paraffin, liquid, in malaria prophylaxis, 98 
Paraformol m malaria prophylaxis, 100 
Parafossarulus striatula, 939 

subangulatus, 939 

Paragonimiasis, 791-4 

blood 111 , 1077 

generalized, 793 

Paragonimus compactus, 942-3 

kellicotti, 943 

ringeri, 539, 791-2, 942-5 

westermani, 791, 941-2 

Parakeratosis in leprosy, 579, 590 
Paralysis, facial, in leprosy, 581 

ginger, 425, 824 

in cerebral malaria, 56 

in cysticercosis, 963 

m leprosy, 597 

in leptospirosis, 201 

in Murray Valley encephalitis, 638 

m poliomyelitis, 640, 641 

in rabies, 369 

in relapsing fever, 190 

in sprue, 555 

in trypanosomiasis, 120 

in typhoid, 228 

in veld sore, 667-8 

infantile (see Pohomyelitis) 

jake, 425, 824 

tick, 842, 1016 

Paralyssa, 367 

Paralytic accidents in antirabic treatment, 367 
pohomyelitis, 641 

Paramidophenyl sulphamide (1162P) sulphani- 
limide, 666 

Parangi, 599 (see also Yaws) 

pink, 609 

Paraplegic beriberi, 414 
Parasite-rate in malaria, 73 
Parasites, intestinal, 797-820 

of circulatory system, 702-34 

of lung and liver, 791-6 

Parasitic dermatitis, 670 
Parasmallpox, 394 (see also Alastrim) 
Para-sprue, 546, 555 
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Parathelphusa, 791, 1049 
Parathlon, 861 

Parathyroid -vitamin D-calcium complex in 
tnchiniasis, 987 
Paratyphoid, 310 

diagnosis, 315 

differential, 204, 230, 319, 389 

epidemiology and endemiology, 310 

pathology, 312 

prophylactic inoculations, 6, 322 

symptoms, 312 

treatment, 320 

Paratyphoid-A fever, 311, 313, 318, 320, 322 
Paratyphold-B fever, 311, 317-18, 320, 322, 542 
Paratyphoid-C fever, 310-12, 317-18, 320, 322 

prophylactic moculation, 322 

Parenchymatous goitre, 22 

Parlnaud's conjunctivitis, 287 

Paris green in malaria prophylaxis, 99, 1037n. 

Paronychia in momliasis, 630 

in yaws, 609 

Parotitis in cholera, 464 

in dengue, 380-1 

in dysentery, 483 

in melioidosis, 290 

in plague, 271 

in psittacosis, 362 

m relapsing fever, 187 

in typhus, 228, 239 

in undulant fever, 299 

in yellow fever, 348 

Paroxyl {see Acetarsol) 

Paroxysmal hsemoglobinuria, mechanism of, 64 
Parquit, 1018 

Parrot and psittacosis, 360-1, 363 

disease, Pacheco’s, 363 

P.A.S. in leprosy, 594 
Paschen bodies, 391 
Pasteur treatment of rabies, 372-4 
Pasteurella aviseptica, 294 

pestis, 258-60, 266-8, 273-6, 278 

pseudotuberculosis rodent ium, 274 

suiseptica, 274 

tularensis, 284 {see also Brucella tularensis) 

Patau, 236 

Paul Bunnell reaction in eosmophilia, 700 

Paullinia pinnata, 821 

Pawpaw, 800 

Peccary, 337, 1015 

Pedetes caffer, 265 

Pediculoldes ventricosus, 694, 1008 

Pediculosis, 869 

Pediculus capitis, 224, 1064 

corporis, 224, 1064 

humanus, 1064 

and relapsing fever, 177, ISO, 193, 919 

and typhus, 224 

Pel-Ebstein disease, 122 
Pelican, 334, 941 
PeUagra, 430-43 

aetiology, 432 

alcoholic, 435, 440-1 

and kwashiorhor, 446 

and sprue, 545, 556 

asylum cases, 431, 440 

blood in, 1078 

burning feet and, 424 

diagnosis, 440 

differential, 122, 557, 590 

epidemiology and endemiology, 431 

formes frustes, 439 

m G-reat Britam, 430 

infantile, 432, 439, 442, 446, 449 

ocular changes m, 437 

pathology, 433 

clinical, 434 

progress, 437 

prophylaxis, 443 

secondary, 430, 433, 440 

sine pellagra, 438 

subclinic^, 441 

surgical, 440 


Pellagra symptoms, 435 

treatment, 441 , 877, 880 

typhus, 439 

Pellagrous encephalopathy, 440 

insanity, 439, 442 

Pelletierine in cestodiasis, 816 

tannate, 877 

Pellldol m oriental sore, 171 
Peludo, 912 

Pemphigous prickly heat, 672 
Pemphigus contagiosus, 669 
Pend^ sore, 162 {see also Oriental sore) 

Penicillin, 877 

alumimum monostearate, 619, S77 

in amoebiasis, 515-16, 532 

in bartonellosis 215, 218 

in kwashiorkor, 450 

in leishmamasis, 171, 176 

in leptospirosis, 204, 206 

in Ijrmphadenoma venereum, 652 

m Madura foot, 625 

in melioidosis, 291 

in ocular leprosy, 596 

in pemphigus contagiosus, 669 

in pinta, 686 

m pneumoma, 21 

m psittacosis, 363 

m pyomyositis, 694 

in rat-bite fever, 209, 211 

in relapsing fever, 191 

m sloughing phagedaena, 664-5 

in smallpox, 394 

in ulcerating granuloma of pudenda, 659 

in ulcus tropicum, 665 

m veld sore, 669 

m yaws, 618-20 

procaine, 877 

PenidUium, 622 

Penis, elephantoid, in schistosomiasis, 707 
Pentabromopbenol, 719 
Pentachlorophenol, 719 
Pentamid^ie in trypanosomiasis, 129, 131, 135 

with antiypol, 135 

isethionate, 878 

ixi kala-azar, 161 

with tryparsamide, 135 

Pentaquine, 878 ' 

in malaria, 81, 88 

combmed with quinine, 94 

Pentasomes, 1008 
Pentostam, 160, 876 
Peptic ulcer {see Ulcer, peptic) 

Perchloron in guinea-worm prophylaxis, 790 
Periarthritis m dengue, 380 
Peribuccal oedema in psittacosis, 362 
Pericarditis in liver abscess, 526 
Pericardium, rupture of liver abscess into, 526 
Perinephritic abscess, 528 
Periostitis in trypanosomiasis, 118 

m yaws, 612-14 

Peripheral failure m malaria, 95 
Perisplenitis in relapsmg fever, 181 
Peristome, 934 

Peritomy in ocular leprosy, 596 
Peritoneum, chylous dropsy of, 758 

rupture of hver abscess into, 526 

Peritoidtis, filarial, 752-3 

in amoebiasis, 500, 502, 515 

in ascariasis, 797, 970 

m hydatid infection, 965 

tuberculous, 20 

Peritrophic membrane, 906 
Perivascular cuff in trypanosomiasis, 114 
Perleche m pella^a, 435, 438 
Pernicious ansemia (see Ansemia, pernicious) 
Persian bug, 1013 
Perspiration in tropical climates, 8 
Pesterine in malaria prophylaxis, 98 
Pestis minor, 269, 651 
siderans, 271 

Petrel, fulmar, in psittacosis, 360, 363 
Petrol in malaria prophylaxis, 98 
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Pfeifferella mallei, 

i;\’hitin(jri, 

Pfeiffer’s rcuetifiu ui dioleiM. 

Phagedaena, tiojueal slou^hiiii:, 

Phalangen, AustiMliaii, 01- 
Phanerosis lu malaiiu, -14 
Phanerozoite, 800 
Phantom timimn, .'20 

Pharj^ngeal injection iii ppiJemic Ineuioi liingic 
lever, oSl 

Pharyngitis iii cnnilnliite for trojiK'S, 1 

in IcpTotipirosis, 21 L 

in plileboloiiius lever, 3S0 

Phasianus eoleliuais forniosniiuh, 2.T6 
Pheasants, OMO 

Phelp’s tahjies splint lu beriheri, 42S 
Phenergan lu epideiuie dropsy, S29 
Phenothiazine, 878, 077 

Ill dracoiitnisis, 7S0 

in oxyuriasis, 08:'» 

Phenovis, 878, os:i 

Phenylarsenoxide in trvp.iiiosoimasis, J28 
Phialophora, 625 
Phlebitis in Lvphoid, 314 

— m undiilaiit te\or, 200 
Phlebotomus, 146, 164, 386, 013-14, 1016-19 
ai'j'entipes, 147, 011-15, 1018 

— - cuuciisieus, 165, 017 

ehiuensis, 148, 914-15, in] 7-18 

destruction oi, 300, 864 

lever, 386-90 

dilVerciitml (liiifaUiosis, 3H], 389, 611 

viius, 386-7 

intended ins, Its, 175, Oil, 017 

Itingeroni, 1 18 

oiieiitalis, 014 

life-history, 014, 1017 

uuijur, 148, 163, 011-15, lOlS 

— - — — uhniensis, 1018 
migonei, 175 

nogucliii, 211, 1017 

pajiiitiisii, 103, 165, 386-7, Oil, 017, 1017-18 

perliliewi (inneeiloiiifus), 165, 011 

[lerineiosus, 1 IS, 011-15, 1018 

prophylaxis, 172 

sergcnti, 163, 165, 017, lOlS 

— mongolcnsis, 118, 911 

— — squ.imipos, 175 

verniciirum, 214, 1017 

— — {see also Sand lly ) 

Phlebotomy, hepatic, 5] 5 
“ Phoresy,” 1049, 1064 
Phormia regina, 843 
Phosgene, 808-9 

Phosphaturia in cinididate for tropics, 3 
Phosphorated oil in oriental sore, 171 

Phosphoryl-pentoxide-vacuum method, 355 
Phosphorylation, 546 
Photophobia, 186 

in epidemic liicmorrliagic fever, 384 

— — ■ ill oiiohocerciasis, 779 

lu plil(4)()toirius fever, 387 

m psittacosis, 362 

in llift Valley teviT, 358 

Phrynoderma, 43S 

Phthalylsulphanil-aminothiazole, 538 
Phthalylsulphathiazole, 4Sy, 878 
Phthirus pubis, 185, 654, 1065 
Phycomycetes, 62S 
Phyllostomus iiahtatus, 911 
Physalia, 839 
Physaioptera, 970 
Physic nuts, 824 
Physopsis afneana, 709, 949 

nasuta, 940, 055 

Phytic acid in niaiKc, and riclcets, 10 
Plan, 599 {'iee also Yaws) 

bins, 173 

-- datre, 607 
Pica, 805 * 

Piedra, 687 (,see also Triehosporosis) 

Piedraia hortai, 687 


Pig ami balantidial dysentery, 537, 934 

and bot-llics, 1063 

- — aiitl cysticcrcosis, 817 

- — and fleas, 1070 

and flukes, 038, 04()~], 013, 045, 956 

and hydatids, 063 

and lei>tospirosis, 106 

and piiiaffuiinniiisis, 701 

■ and rahiet^, 364, 367 

aud rituiid-u'orins, 068, 0S4-5 

and t.ipeivoims, 958, 961 

aud tiypanosoiniasis, 1]2, 007, 1051 

.iml iindulant fever, 202, 3<)3-4, 3ii0 

and yellow lever, 334 

nscariMsis in, 789 

liee ol, 1065 

Pigeon ami encephalitis, 639 

and psittacosis, 360 

ground, and typhus, 237 

Pigment, inalarial, 8SS-92, 000-3 

schistosoiuiil, 720-1 

Pigmentation oi hkm, 0 

— — in epidemic dropsy, 828 

Ill oiichocerciasis,"770 

in Hiirue, 551 

Pigmented parasite, 8S8 
Pink disease, 411 
Pinta, 683-6 
Pinworm, 081 
Piophila easoi, 8 1 7 
Piper betel, 825 
Piperazine hydivito, 878, 083 
Pipsa lly, 101‘J 
Pironella coiuca, 04 L 
Piroplasmosis, bovine, 76 

canine, 1015 

Pistia stratiides, 769, 1015 
Pit vipi'rs, 830 
Pithecolobium, 824 
Pitressin in beriberi, 419 
Ill si>ruo, 562 

Pituitary gland in epidemic hieuionliagic fever, 
384 

Pityriasis versicolor, 674, 686 
Placenta in imil.iria, 40, 44 
PlagiorchiSt 915 
Plague, 258-83 

sT'tiology, 259, 1070 

iiiid rat-bite lever, 211 

bubonic, 261-2, 268, 270-2, 273-5, 883 

diagnosis, 273 

L. ditrereiitiiil, 204, 240, 274, 288 , 290, 681 

epidemiolog)’^ and eudemiology, 259 

experimental, 260 

geographical distribution, 258 

— - history, 262 

meningeal, 272 

mortality, 273 

— — jintliologv, 269 

imeuinoiiic, 263, 268-0, 272, 273, 275, 280 

prophylaxis, general, 276 

pei’Sonal, 279 

— - rodent-flea, 1070 
— — role of flea in, 266 

of marmot .nid other rodents in, 263 

of rat in, 261 

sel vatic, sylvatic or wild rodent, 263, 281, 

1068 

septica?mic, 271, 275-6 

symptoms, 269 

treatment, 275, 882-3 

Planocaine injection in syminetrical gangrene, 17 
Plauorbis, 702, 951 

boisayi, 711, 729 

csenosus, 937 

- eentriiuetralis, 729 
diifourii, 949 

- cxnstus, 711 
giiudeloupcnsis, 72U//. 

hemisphaTiila (^vcl. hirgilhcrti;, 937 

iiitidella, 937 

sclimockeri, 937 
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Plants, idins3’‘nonisy to, 671 
Plasma cells m ulcerating grannlomii ot jnKlciidii, 
6od, 60S 

— transfusions in dysentery, 41» 1 

Ill malaria, f)3-l 

- — of dried, S-VJ 

Plasmochin, 877 
Plasmocide, 873 
Plasmodiidae, SS6-904 
Plasmodium, 31, S86-7 

abnormal, 894 

bergliei, 92, 886 

brodem, 886 

eathemerium, 886-7 

ciroumliexum, 887 

cultivation, 894 

cynomolgi, 90, 92, SS6-7, 889, 894, 896-7 

■ — — elongatum, 88 7 

falciparum, 32, 3o, 36, 39, 40, 42, 46, 47, 49, 

52, 55, 58, 59, 61. 67-S, 73, 75, 77, 
87-90, 92-3, 102, 104, 106, 886-7, 
889, 890 - 4 , 896-7, 902-3 

— pre-ei.rtlirocyte dcvelopiment, 893-4, 897 

galliiiacijum, 36, 77, 89, 90, 92, SS7, 894, 896 

gouden, 886 

mui, 886, 889 

knowlesi, 49, 54 h., 70, 77, 93, 886-7 

latent phase, 36 

life-history, 34-5, 897-902 

lophiine, 886-7, 894 

malariEE, 39, 58, 61, 6S-9, 87, 02, 886, 88&-9, 

890, 901-2 
metabolism, 36 

ovale, 39, 61, 6S-9, 104, 886-7, 889-90, 9U2 

pitheci, 886 

pre-erythrocytic cycle, 893, 896-7 

reichenowi, 886 

relictum, 31, 886-7 

scU'wetzi, 886 

tenue, 893 

vmckei, 886 

vivas, 36, 39, 40, 42, 46-7, 51-2, 58, 61, 68-9, 

75, 77-8, 87-90, 92-4, 104, 106, 886, 
887 - 8 , 889-90, 896-7, 901-3 
Chesson strain, 51, 88, 90 

Plasmoma, 697 

Plasmoquine, 877 i,<iee also Pamaquine) 
Plasmoquine- compound, 88, 877 
“ Plasmosan ” transfusion, 860 
Plecoglossus altivelis, 942 
Pleura, ruptme of liver abscess into, 526 
Pleurisy in undulant fever, 298 
Pleurodynia, epidemic, 22 
Plexan, 560 

Plotosus aiiguillarLS, 838 
Plummer-Vinson syndrome, 30, 439 
Pneumo -enteritis, 289 
Pneumoneces medioplexus, 712 
Pneumonia, ascaris, 798, 970 

basal, complicating liver abscess, 527-8 

blood ill, 1077 

complicatmg’ malaria, 59 

schistosomiasis, 709, 723 

sprue, 563 

— typhus, 240 

diagnosis from Q fever, 254 

drugs fur, 882-3 

iu cholera, 463 

in Q fever, 254 

in relapsing fever, 187, 189 

m yellow fever, 348 

plague, 269, 271-2, 275 

- — - primary atypical, 79 

psittacosis, 361-2 

tropical, 20 

Pneumonic plague, 263, 272, 275-6 
Pneumonitis in toxoplasmosis, 917 
Pneumonyssus, 701 

Pneumo -peritoneum in diagnosis of liver abscess, 
530 

Pneumothorax complicating liver abscess, 626 
spontaneous, 20 


Pock diseases, 391-7 
Poikilocytosis, IbSb 
Poison ivy dermatitis, G71 
Poisons, aiiimid, 830-42 

cural and sea-aiieinuiiL, 839 

tisfi, 838 

lellrdish, 839 

lizard, S3 7 

— — sea-urchin, 839 

shelltish, 838 

\pgetiible, 821-9 

Polar bodies, 901 

Polioencephalitis, acute superior htemorrhagic, 
422 

Poliomyelitis, acute anterior, 5, 22, 639-42 

LBtiulogy, 640 

— and sandfly fever, 3S9 

diagnosis, 641 

prophylaxis, 642 

paralytic, 641 

urban, 639 

vims, 640 

Polphila, 360 

Polyadeiidtis in tiypanosumiasis, 116 
Polyarthritis, epidemic, 19 

m relapsing fever, 187 

Polycholia in malaria, 47, 74 
Polychromasia, 1080 
Polycystic disease of hver, 528 
Polyembryony, 951 
Polymorphonuclear, neuirophil, 1077 
Polyneuritis columbanim, 409 

complicating autirabic treatment, 374 

endemica, 408 iste also Benben; 

galhnarum, 409-10 

in leprosy, 579 

in veld sore, 668 

of pregnancy, 421 

Polypi of ciecum m schistosomiasis, 721 
Poljplax, 1065 

serratus, 285 

spmulosa, 220, 233 

Polyposis, 542 
Polypylis hsemisphflemla, 670 
Polyvinylpyrrolidone, 860 
Pomatiopsis lapidaria, 954 
Pomegranate bark in cestodiasis, 616 
Pongo pygmaeus, 886 
Popfit^ gland, filariasis of, 753 
Poradenit^, ingumal, 646 (see also Ljmpha- 
denoma venereum) 

Poradenolymphitls, 646 (ste also Lympho- 
granuloma venereum) 

Porcupines, 179, 1012-13 
Pork tapeworm, 961 

trichinella in, 985-6 

Porocephalus, 1009-10 
Porphyrinuria m pellagra, 435 
Portuguese man-of-war, 839 
Posaite’s disease, 627 

Post-encephalitic sequel® in toxoplasmosis, 917 
Post-operative malana, 59 
Potamon, 791, 943 

niloticus, 846, 1049 

Potassium antimonyl tartrate, 878 

permanganate m cholera prophybxis, 469 

m moniliasis, 630 

m oriental sore, 171 

m poisoning by lish sting, 838 

in ringworm, 679 

m snake-bite, 836 

m spider-bite, 841 

plasma, in malaria, 46 

Potu fly, 1049 
Pouched rat, 124 
P.P. factor, 433 
Praequine [see Plasmoquine) 

Prairie dogs, 265, 283 

Praticolella, 936 
Prebaiting in rat control, 279 
Pre-blackwater state, 65, 68 
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Precipitin test in hydatid cyst, 966 

in tnchimasis, 987 

Trawinski’s, in cysticercosis, 819 

Pregnancy, ancylostomiasis iii, S06, 809 

beriberi m, 412 

blackwater fever in, 67 

cliolera m, 464 

dysentery in, 4S1 

m candidate for tropics, 4 

macrocytic anremia of, 25, 26 

malaria in, 59, 80 

poliomyelitis and, 640 

quimne in, 82 

sickle-cell anaemia crisis in, 28 

sprue in, 656 

toxoplasmosis m, 917 

Premaline, 878 
Premunition m malaria, 74, 76 
Price -Jones curve in sprue, 550 
Prickly heat, 400, 634, 671-4 

and mammillaria, 401 

Primaquine, 81, 88, 94, 878 
prophylaxis, 103 

Proctitis in lymphogranuloma venereum, 653 
Proctoscopy in amcebiasis, 507 
Procyon lotor, 783 

Proguanll, 81, 88 (see also Paludnne) 

daraprim and, 92 

resistance, 89-90, 93 

Promacetin, 593 
Promln, 592-4, 878 
Promizole, 593, 878 
Prontosil album, 883 

in paragonimiasis, 794 

Prontylin, 883 
Propamidine, 879 

in trypanosomiasis, 129, 131 

Propanarsonal, 127, 879 
Propionic acid, 677 
Proscabln, 869, 1008 
Proscorbin (see Ascorbic acid) 

Prostatic disease, 710 

Prostatitis, chronic, in candidate for tropics, 4 
Protection test m lymphogranuloma venereum, 
647 

in yellow fever, 337 

Protein deficiency and kwashiorkor, 446-7, 449 

hydrolysate in infantile cirrhosis, 453 

in diet in yellow fever, 351 

Protein-shock and blackwater fever, 66 

therapy m leprosy, 598 

m lymphogranuloma venereum, 652 

in rhinoscleroma, 697 

ta ulcerating granuloma of pudenda, 658 

Proteus and typhus, 223 

0X2, 223, 240, 248 

0X19, 223, 229, 240, 247-8, 288 

OXK, 211, 223, 240, 247-8 

ProtopatUc sprue, 554 
Protozoa in fseces, 1087 

Protozoal cysts in fseces, concentration of, 1087 
Protozoology, medical, 886-935 
Proventicular blocking of flea, 264, 267 
Proventiculus, 1068 
Pruning spider, 841 

Pruritus ani in threadworm infection, 982-3 

in dhohie mark dermatitis, 678 

in leptospirosis, 204 

in onchocerciasis, 779, 782 

in pinta, 685 

in sprue, 654 

in trypanosomiasis, 118, 12.0 

internal, 692 

of hands due to chloroquine, 871 

schistosomal, 731 

Psaxnmolastes arthuri, 909 

coreodes, 910 

Psaxnmomys rondairei, 266, 281 
Pseudactinomycosis, 621 
Pseudalopex culpceus, 911 
Pseudecms porphyriacus, 832 
Pseudlperllaxnpus typus, 940 


Pseudo -ainhum, 697 
Pseudocheirus laviginosus, 916 
Pseudocholera, 289 
Pseudodiscus watsoni, 957 
Pseudo -elephantiasis of genitalia, 657 
Pseudogobio, 940 
Pseudogonococcal arthritis, 483 
Pseudomethaemoglobin, 62 
Pseudo -parasites m taeces, 1086 
Pseudophyllidea, 957-9 
Pseudopolyposis in dysentery, 486, 49 
Pseudo -rabies, 871 
Pseudorasbora, 940 
Pseudothelphusea iturbei, 943 

in mistis, 943 

Pseudotuberculosis of lung, 700 
Pseudovivipara hjiDocrites, 939 
Psilosis, 543 {see also Sprue, tropical) 
Psittacosis, 360-3, 651 

diagnosis, difterential, 254, 363 

virus, 361 

Psoas abscess due to amcebiasis, 504 
Psoralia comyfolia, 661 

Psoriasis, 4 

differential diagnosis, 590, 680 

flexural, 676 

Psorophora, 355 

cingulata, 340 

ferox, 340 

lutzi, 1063 

posticata, 1063 

tovari, 1063 

P.S.P. in ulcus tropicum, 665 
Psychical change in cerebral malaria, 56 

m rabies, 368 

Psychoda, 701 
Psychodidae, 1016-19 
Psychoneurosis, 632 
Psychoses m cysticercosis, 818-19 

toxic, due to atebrin, 91 

due to tapeworms, 963 

Pteroyglutamic acid, 873 
Pteroyltriglutamic acid, 559 
Pterygium, 9 

Pudenda, ulceratmg granuloma of, 654-60, 8S2 
Pulex, 1068 

irntans, 266, 268, 967, 1068 

PuUcidse, 1068 

Pulmonary amcebiasis, 519, 536 

eosmophilosis, 800 

malaria, 58 

schistosomiasis, 708 

suppuration and E. gingivalis, 927 

tuberculosis and typhoid, 314 

complicating leprosy, 586 

malaria, 59 

diagnosis, differential, 300 

in tropics, 20 

Pulque, 825 
Pumice-stone iris, 780 
Punica granatum, 816 
Purpmu, 23, 386 

cerebral, in psittacosis, 362 

haemorrhagic, 163 

in onyalai, 699 

in sprue, 556 

in undulant fever, 297, 299, 308 

provocata, 436 

thrombocytopenic, in relapsing fever, 18 S 

post-typhus, 229 

Purru, 699 (see also Taws) 

Putorius vison, 783 
Pyaemia, due to Bact. coli, 324 
PyeUtis, 527 

due to Bact. coli, 384 

Pylephlebitis, 527-8 
Pyogram in dysentery, 485 
Pyomyositis, tropical, 693, 752 
Pyorrhoea alveolaris, 445 
Pyosis mansoni, 669 
Pyralgla melalgia, 423 
Pyraa^e in pella^a, 443 
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Pyrethrum dermatitis, 671 

powder in malaria prophylaxis, 96, 102, 103 7n. 

with DDT, 862, 864 

pj'ridine carboxylic acids in pellagra, 443 
Pyridoxine (see Vitamin B,) 

Pyrifer, 652 

Pyrimethamine (see Daraprim) 

Pyrimidines, 81 
Pyrogen, 850 
Pyrosis in pellagra, 437 
Pyruvic acid test in beriberi, 425 
Python, 1009-10 


“ 0 fever,” 219-21, 248w., 250 - 5 , 882, 1015 
Quails, 667 

Quarantine disinfestation of aircraft, 866 

m cholera, 468 

m plague, 276 

Quartan fever, 42, 52 

double and treble, 52 

malaria (see Malaria, quartan) 

nephrosis, 44, 52 

Quartana, 48 

Quassia m threadworm infection, 983 
Queensland fever, 25071. 

Query fever, 250 (see also Q fever) 

Quinacrine (see Atebrin) 

Quinetum in malaria, 83 
Quinidine in malaria, 83 
sulphate, 879 

Quinine, action of ultraviolet light on, 82, S3 

alkaloid, 82 

amaurosis, 84 

amblyopia, 56, 84 

and bismuth in espundia, 176 

and blackwater fever, 61-2 

and urethane injection, 879 

bisulphate, 879 

diagnosis of malaria by therapeutic action of, 

78 

dihydrochloride, 8271., 84, 86-7, 94, 879 

ethyl carbonate, 879 

excretion, 82 

forms of, 82-3 

hydrochloride, 82, 84, 86-7, 879 

idiosyncrasy, 84 

m heat-hyperpyrexia, 404 

in malaria, 51, 81 - 7 , 93 

absorption of, 82, 83 

action, 83, 982 

compared with atebrin, 92 

dosage, 82 

effect on microscopical diagnosis, 76 

injections, intramuscular, 84-5, 93 

intravenous, 86-7, 93 

therapeutic, 104 

m pregnancy, 82 

mtramuscular, 84-5, 93 

mtravenous, 86, 93 

dhip, continuous, 87 

lactate, 85 

prophylaxis, 102, 104-5 

sulphate, 82, 879 

toxic effects, 83 

Quinine-pamaquine treatment of malaria, 88-9 

Quiniosulphan, 511, 871 

Quinlplex, 88, 879 

Quinolinic acid in pellagra, 443 

Quinoplasmine in malaria, 88 

Quinoxyl, 871 

m amoebiasis, 511, 517 

Quotidian fever in malaria, 48, 54 
therapeutic, 104 


Rabbla, 364 (see also Babies) 
Rabbit and amoebiasis, 920 

and cholera, 459 

and coccidiosis, 932 

and flukes, 936 

and heat-stroke, 399 

and hydatids, 966 


Rabbit and leptospirosis, 199 

and Imguatula, 1009 

and Murray VaUey encephalitis, 637 

and pmta, 683 

and psittacosis, 361 

and rabies, 365-6, 369-70, 375 

and rat-bite fever, 211 

and relapsing fever, 180, 181 

and sarcosporidia, 904 

and schistosomiasis, 952 

and ticks, 1015 

■ and toxoplasmosis, 917 

and trench fever, 249 

and trypanosomiasis, 122, 909, 912 

and tularsemia, 284-6, 288 

and typhus, 248 

and yaws, 602-4 

fever, 284 (see also Tularsemia) 

Rabies, 364^75 

setiology, 365 

diagnosis, 371 

excited or furious form, 368 

immunity, 370 

in lower animals, 369 

mcubation period, 368, 371 

paralytic form, 367, 369 

psychological, 371 

symptoms and clinical course, 368 

treatment, 371-4 

complications, 367 

preventive, 370, 372 

vaccine, 366-7 

virus, 365-7 

fixed, 365, 370, 372-3 

street, 365 

toxin, 370 

Racoon, 783, 791 

Radiculitis in undulant fever, 299, 308 
Radiographic splenic mdex, 50 
Radiography in amoebiasis, 505, 507, 529-30 

in ascariasis, 798 

in beriberi, 419, 425 

in cheloid, 662 

in Cooley’s ansemia, 27 

in cysticercosis, 819 

in dracontiasis, 787-8 

iQ elephantiasis, 751 

in histoplasmosis, 630 

in hydatid cysts, 965 

in paragonuniasis, 793 

in porocephalus infection, 1010 

in Q fever, 254 

in rickets, 19 

in schistosomiasis, 708-9 

m sprue, 557-8 

in tropical eosinophilia, 700 

in yaws, 614 

Radium treatment of cheloid, 662 
Rage, 364 (see also Babies) 

de laboratorie, 367 

Raigan in cestodiasis, 817 
Raillietina, 968 

Rainey’s corpuscles and tubes, 904 
Ral tree, 678 
Rana nigromaculata, 960 
Rand scurvy, 445 

Rapid tube method of testing for agglutinins, 854 
Rasbora douicomicus. 790 
Rash caused by fish poisoning, 838 

in alastrim, 395, 397 

in Bullis fever, 383 

in chickenpox, 397 

in cysticercosis, 819 

in dengue, 380 

in enteric fevers, 313, 316, 319-20 

in epidemic haemorrhagic fever, 384 

in izumi fever, 385 

in kwashiorkor, 446-8 

in pellagra, 43^6 

in plague, 271 

in rat-bite fever, 209-11 

in relapsing fever, 186, 188 
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Rash m rioketLsiriliMiA, ‘J-j5 

in scliistosomKisi<, 1- 

in scurvy, 444 

mspruis r'h'iS 

m toxoplasmosis, !H7 

m trench lever, 2r)U 

— — m trypanosonnasis, 117-1!:!, latl 
m tukirinmu, ‘2S7 

— — m typhus, 223-J, 226-7, 22‘J-:’.it, 2:!l), 214-7), 
247 

in uudiiLint lever, MUl:l 

in Weil’s fliseuse, 20U-1 

Ill y:m's, 6(jri-S 

( s<'e aiso Dermatitis; iSkin lesions, ITriic.jrui ) 

Rat and amoebiasis, 494, 496, 498, 514, 920-1, 921 
“ — ■ and balantidiasis, 935 

and flukes, 936, 938 

and leishmaniasis, 146 

and leptospirosis, 195-6, 19S~9, 7)05, 919 

— and malaria, 8S6 

- - .iiid melioidosis, 289 

and piiita, 683 

- -and plague, 27)9, 201-3, 260-8, 272, 281-2, 

1U7U 

post-mortem mdications, 27 1 

and poliomycUtis, G-JU 

and Q tever, 253 

and rabies, 3G4, 366 

and rat-bitc lever, 207-9, 2 11 

and relapsing lever, 179-82 

and rickettsia, 1011 

and Rift Valley fever, 357-9 

and schistosomiasis, 730, 946, 052 

and sporotrichosis, 620 

and tapeworms, 966-7 

and torulosis, 629 

and trichiniasis, 985-6 

and trypanosomiasis, 110-11, 121, 133, 909, 

913 

and tulancmia, 285 

and typhus, 220-1, 233-7, 1011 

black {see Buttus rattus) 

brown (see Rattns nurveglcus) 

cotton (see Cotton rat) 

flea, 1068, 1070 

survey, 1072 

giant, and plague, 266 

great cane, 334 

]ungle, and scrub typhus, 336 

leprosy, 569 

— -hce, 1065, 1070 
poisons, 282 

pouched, and relapsing fever, 182 

sewer {see Rattus norvegicusj 

tree, 886 

Rat -bite fever, 207-11 

diagnosis, differential, 204, 206, 211, 288 

treatment, 211, 868-9, 876-7, 881 

Rats, destruction, of, 277-8, 282-3 
Ratsticker, 282 
Rattlesnake, 834 

parasite of, 1010 

Rattus agrarius, 236 

alexandrinus, 182, 207, 967 

concolor, 236 

culmomm, 196 

decumanus, 236, 261, 282, 569, 967 

:^vipeotus ynnnanensis, 236 

mostomys (concha ugandoe), 266 

norvegicus, 195, 207, 233, 261-2, 278, 282, 

494, 920 

rattus, 195, 207, 261-2, 266, 278, 281, 2S2 

alexandrinus, 281-2 

argentiventer, 236 

concolor, 569 

, diardi, 233, 236 

frugivorus, 281-2 

jalorensis, 236 

Mjabius, 207, 281 

rattus, 282 

rufescens, 236, 281, 1011 

Raynaud’s disease, 591 


Reconnox, b79, 9S3 
Record syringe, 849 
Recrudescences in niidaiiu, 48, 51 
Rectal biopsy in schistosomiusis, 732 

conditions simulating dysentery, 541 

prolajise in mchiuriasis, 809 

htrieture m lymphogriuiulonu vcneiviirn 

542, 646, 649, 653 

tumours in schistosomiasis, 722, 726, 728 

Rectitis, granular, 4S0, 484, 486, 492 
Recto-vaginal fistula, 657 
Rectum, amoebic ulcemtion of, 506-7 
— — excision of, iii sdiistosumiasis, 727 

■ prolapse of, due to whipwonn, 985 

Recurrence of inalarni, 51 

Red cells, polychromatic degeneration, 1080 

ti’ansfusion with concentrated siispeu- 

siou of, 860 
— — fever oi Congo, 233 

of Korea, 38 i 

spider, lull 

Redise, 936 

Redoxon i.st c Aseorl )ic acid) 

Redunca aruiidiuaeea, 908 
Reduviid bugs (.siv’ Bugs, icilu\ liil) 

Reduviidae, 107 
Reedbuck, 112, 131, 9U8 
Refrigeration in. larva luignms, 846 
Reiter’s disense, 483 
Relapses in malaria, 39, 4S, 51 

therapeutic, 104 

in sprue, 556 

Relapsing fever, 177-94 

aetiology, 177, 1012 

American types, 177, 190 

associated with typhus, 182, 228, 231 

bilious typhoid form, 187 

blood lu, 1077 

bugs and, 1U66 

Oailtorniiin, 190 

Central African type, 188, 193 

diagnosis, 191 

differential, 20 i, 206, 211, 348-9, 

385 

epidemic cosmopolitan louse-borne type, 

186, 193 

— epidemiology and endemiology, 182 

Julinlnatmg, 189 

immunity, 185, 194 

inoculation against, 194 

louse-borne, 177, 181, ISC, 193, 1065 

mortality, 191 

ocular compUcatious, IS 7, 1S9-90 

pathology, 181 

Persian type, 188 

prophylaxis, 193 

Spanish type, 190 

— symptoms, 180, 186 

therapeutic, 104, 181 

tick-borne, 177, 181-2, 188-90, 193-4, 

1012-14 

transmission, 181-5 

treatment, 191-3, 868-9, 876-8, 880, 883 

Wcil-Relix reaction ui, 229 

Remittent fever, gastric, 292 {see also Undulant 
fever) 

ill kala-azar, 150 

in malaria, 48 

therapeutic, 104 

in relapsing fever, 18G 

Renal calculi, 3, 10, 17 

colic in tropics, 3, 10 

diabetes, 18 

failure m cholera, 462-3 

in dysentery, 483 

malaria, 55 

(see also Kidney) 

Reprodal (see Pouadin; Stibophen) 

Resochin, 871 

Respiratory system, diseases of, 1 

in tropical climate, 7 

Retention cysts, mucous, in dysentery, 476, 484 
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Retention eiieuia, (iujiiuxyl, iii auucbnusis, all 

witJi uvei'flow and lucontuieiicc, 706 

Reticulocytes, 1078 
Reticulocytosis in malaria, 44, 46 
Retina in oncliocerciasis, 781 
Retinal lesions in siekle-cell aniemia, 28 
Retrobulbar neuritis, nutritional, 433, 438 
Retro -orbital pam in epidemic Immioniiagio fcvei*, 
3S4 

Reynier’s white mycetoma, 622 
Rh factor, 855-7 

positive groups, frequency, 856 

Rhabditiform larva?, 974-5 
Rhabdomys pumilio, 265, 357 
Rhesus monkey {^see Macaca mulattaj 
Rheumatic heart disease, 15, 19 
Rheumatism, acute articular, 19 

dysenteric, 481 

in candidate for tropics, 5 

Rheumatoid arthritis, 19 

atebrm and, 92 

pains in dengue, 37S-S2 

Rhinitis in Sonne d 5 'sentery, 481 
Rhinocladium beurmanm, 628 
Rhinoestras bovis, 843 

purpureas, 843, 1063 

Rhinosceros, 973 
Rhinoscleroma, 654, 696-7 
Rhinosporidiosis, 694-6 
Rhinosporidium equi, 693 

seeberi, 694 

Rhipicephalus, 1015 

appendiculatus, 247, 1015 

pulchellus, 247 

sangumeus, 243, 246-7, 251, lul5 

simus, 247, 842 

Rhizoplast, 913 
Rhodarsan, 876 

Rhodesiense sleeping-sickness (jsre Trypanoso- 
miasis, rliodesiensej 

Rhodeus, 940 

Rhodnius, 137-S, 910, 1066-7 
prolixus, 909-10, 912, 1067 

Rhodoquine, 873 
Rhombomys opimus, 164, 264 
Rhus, 671 

Riboflavin, 433, 441-3, 880 

(see also Ariboflavinosis; Yitamin B,) 

Rice, overmilled, and beriberi, 409-10, 428-9 
Rice-fields as mosquito breeding-grounds, 97, 99, 
1031 

Rice-water stools, 461 
Rickets in tropics, IS 

schistosomiasis and, 721 

Rickettsia, 219, 1011 

akamushi, 1011 

akari, 220, 255 

burneti, 219, 250, 253 (see also Coxiella 

bumeti) 

couori, 219 

diaporica, 250, 253 

mooseri, 224, 229, 233-4 

— muricola, 219-20 

nipponica, 219 

orientalis, 219, 236 

pediculi, 220 

prowazeki, 219-20, 222, 224, 229, 233, 237, 256, 

1065 

Conor i, 247 

mooseri, 219-20, 233 

psittaci, 361 

quintana, 219-20, 249, 1065 

nckettsii, 219, 223, 242-3, 1015 

tsutsngamushi, 219, 221, 235-7, 230-40, 257 

volhynica, 219 

Rickettsiae, culture of, 256 

suspension ol, from tissues, 257 

Rickettsialpox, 220, 248n., 255 
Rickettsiasls, vesicular, 255 
(see also Typhus) 

Rieckenberg phenomenon (see Adhesion phenom- 
enon) 


Rift I’aiJo^ lever, 357-9 

— diagnosis, diaereutni], 349, 3S1 

virus, 357 

Rigor follo\\nng blood transhisiou, 859 

ill amoebiasis, 522, 525, 528, 531, 537 

m Bact. coll infection, 324 

in blackwater fever, 65 

in dysentery, 479 

in elephantoid fever, 753 

m kak-azar, 150-1 

m lymphogranuloma veiierciiui, 648 

in malaria, 48, 51, 52 

m psittacosis, 362 

m typhoid, 314 

in yellow fever, 344, 350 

Rik, 613 

Ringworm, 674, 872, 876 

differential diagnosis, 669, 682 

of feet, 678, S76 

of iiaUs, 680 

— — Tokelau, 681 

yai^s, 607 

Rivanol, 880 

Rock cavy and trypanosomiasLs, 142 
Rocky Mountain spotted fever, 219-21, 230, 232, 
241-6, SS3, 10.15-16 
Rodent control,* 28 3 
Rodriguez's test in leprosy, 590 
Roger’s treatment m cholera, 467 
Romana’s sign, 139 
Rose spots in entenc, 313, 315-16, 319 

m psittacosis, 362 

Ross*s black spores, 903 

thick film, 1074 

Rotenone, 100 S 
Round worm, 968 
Roundworms, 797, 96S-S7 

(see also Ascariasis) 

Rubiazol, 652, 880 
A, 8S3 

Rubino’s reaction in leprosy. 588 
Rum poisonmg, 825 
Running amok, 644 
Russell’s bodies m rhmoscleroma, 697 
viper, 832-3 

Russian headache fever, 389 (see also Phlebotomus 
feveri 

spring-summer encephalitis, 638 

Rutger’s 612, 1072 
Ryle’s mtragastric tnbe, 95 

Sabanones, 813 
Sabethini, 1047 
Sabethoides, 330, 340, 1047 
Sabre tibia in yaws, 614 
Saccobranchus fossilis, 836 
Sacrocheilichthys, 940 
SAG, tnvalent, 715 
Sahib’s disease (see Rala-azar) 

Sailor’s skin, 9 

Saimiri monkeys, 333, 912 

St. Louis encephahtis, 638 

Sakusku fever, 205 (see also Seven-day fever) 

Salek, 162 (see also Oriental sore) 

Salicylic acid in ancylostome dermatitis, 814 
Saline and glucose injections in dysentei^, 491 

injections in blackwater fever, 68 

m cholera, 466 

in heat-hyperpirrexio, 405 

m malaria, 94 * 

m Weil’s disease, 204 

Salmonella, 215, 81S 

aertrycke, 311 

enteritides, 324, 473, 523 

morgani, 473 

paratyphi A, 223, 310, 318, 322, 473 

B, 223, 310, 318, 322, 324, 473 

0, 311, 318 

suipestifer, 311, 324 

typhi, 223, 311, 314, 318-20, 473, 523 

Salt deficiency in sprue, 551 
in ancylostomiasis prophylaxis, 812-13 
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Salt in prevention of heat-stroke, 407 

m scrub typhus, 240 

loss, excessive, S, 400 

Salvarsan, S69 

in maltiriii, 93 

m pinta, 6S6 

m rat-bite fever, 211 

m relapsing fever, 192 

in verruga peruana, 21S 

in yaws, 617 

injections, transmission of malaria by, 40 

silver, SSO 

Sandfiea, 688 
Sandfly, 1016-19 

and bartonellosis, 214 

and leishmaniasis, 146-8, 162, 164, 913-15 

and phlebotomus fever, 386 

dermatitis caused by, 389 

destruction of, 390, 864 

fever, 386 (see also Phlebotomus fever) 

nets, 389-90, 1018 

repellents, 1018 

(see also Phlebotomus) 

Sand-hamster, Chinese, 916 
Sand-worm, 845 
Sandy patches, 704, 712, 720 
Sangulnerine, 827 
Santonin, 798-9, 880 
Santoquine (see Sontochin) 

Saponin, 823 
Sarcocystine, 904 

Sarcocystis miescheriana (lindemanni), 904 

Sarcoma in native races, 23 

Sarcophaga terminalis, 1063 

Sarcophagidse, 1058 

Sarcophilus harrisi, 361 

Sarcoptes scabiei, 1007 

Sarcoptlc mange, 1007 

Sarcosporidia, 904 

Sardines, poisonous, 839 

Sasala, 613 

Savorquin (see Diodoqum) 

Sawah itch, 670 

Sawatch and tularsemia, 285 

Scabies, 17, 670, 869, 876, 1007 

animal, 1007 

Norwegian, 1007 

treatment and prevention, 873, 1007 

Scarification, skin, 1074 
Scarlet fever in tropics, 21 
Scaurus striatus, 967 
Schistosoma bovis, 709, 949, 955 

hflematobium, 471, 538, 670, 702-3, 704-6, 

708-11, 715-16, 719-22, 726-33, 884,945-9, 
955, 956n., 1081 

examination of faeces for eggs of, 1087 

incognitum, 956 

indicmn, 955 

intercalatum, 709, 949 

iaponicum, 471, 538, 709, 728,729-30, 731-4, 

793, 952-4, 966, 1081, 1084 

mansoni, 471, 604, 538, 670, 702, 706, 708-9, 

711, 716, 719-20, 721-2, 726-8, 884, 946, 
949, 950-2, 954, 956, 1081, 1084 

mattheei, 709, 955 

spindale, 711, 713-14, 732-3, 946, 956 

suis, 955 

(see also Cercaria) 

Schistosomal appendicitis, 710, 721, 723 

dysentery, 538-9, 709, 719, 728, 731 

(see also ^histosomiasis, intestinal) 

Schistosome cercariae, 955 

dermatitis, 670, 722, 966 

eggs in faeces, detection of, 1084 

group, 945-56 

Schistosomiasisi 702-34 
blood in, 1078-9 

■ complicating trypanosomiasis, 121, 125, 128 

diagnosis, differential, 527 

drugs for, 869, 876, 878, 880-1, 884 

eastern, 729-84 

genito-urinary, 702-19 


Schistosomiasis, geuito-urinary, and urinarv 
calculi, 17 

diagnosis, 710 

pathology, 703 

prophylaxis, 716 

symptoms, 705 

treatment, 712 

hepato-lienal, 721 

diagnosis, dilferential, 726 

pathology, 722 

symptoms, 723 

treatment, 727 

intestinal, 719 

diagnosis, 725 

differential, 159 

dysentery associated with, 539 

immunity, 728 

pathology, 720 

prognosis, 728 

prophylaxis, 729 

symptoms, 722 

treatment, 726-8 

pulmonary, 708 

visceral, 721 

Schistosomula, 948, 956 
Schizogony, 137, 887-8, 891, 894, 932 

asexual, 900 

erythrocytic, 900 

exo-erythrocytic, 897, 900 

pre-er^hrocytic, 897 

Schizomycetes, 622 
Schizonts, 39, 887-91, 900, 932 

oryptozoic, 897 

Schizophrenia, post-malarial, 74 

simulated by atebrm idiosyncrasy, 91 

Schizotrypanum, 136-7 (see also Trypanosoma 
cruzi) 

Schizozoite, 896 
Schlaftnmkenheit, 644 
Schmitz dysentery, 476 
Schmitz’s bacillus, 471, 473-4, 479, 484 
Schdngastia indica, 233, 1011 
Schliffner’s dots, 887, 890-1 

method of estimating splenic enlargement, 73 

Scirpophaga iiinotata, 692 
Sciurotamias davidianus, 179 
Sciurus argentinus, 912 

douglasii, 180, 183, 264 

Scleroma respiratorium, 696 

Sclerosis, pulmonary, in schistosomiasis, 709 

spinal, m sprue, 555 

Scolopendra, 842 
Scomberomorus cavalla, 840 
Scopolamine poisoning, 821 
Scorpaena, 838 
Scorpions, 840 
“ Scotch tape ” method, 982 
Scratch test for quinine idiosyncrasy, 84 
Screencloth, anti-malarial, 101 
Screw-worm, 843 
fly, 1058 

Scrotum, elephantiasis of, 759, 763-5 

due to Onchocercus, 778 

lymph, 747, 753, 756 

tumour of, 763 

Scrub typhus, 236 (see also Typhus, scrub) 
Scurvy, 444-5 

alpine, 430, 435 (see also Pellagra) 

differential diagnosis, 527, 529 

infantile, 445 

E-and, 445 

rosary, 445 

symptoms of, in sprue, 656 

treatment, 445, 868 

Sdt. 386B, in bartonellosis, 216 
Sea-anemones, poisonous, 839 
Sea-lions, 958 
Sea-snakes, 833 
Sea-urchins, poisonous, 839 
Seborrhoea, 670 
Seborrhoeic dermatitis, 676 
Sedge-pool itch, 670 
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Sedimentation rate, in trypanosomiasis, 132 
Segmentina, 937 
Selenium, 822 

Sellar fever, 37G {see also Dengue) 

Selvatic plague, 259, 263, 269, 281 
Semliki Forest virus, 355 
Sensitization in blackwater fever, 62 

to tsetse fly bite, 1051 

Septic sore, 686 {see also Veld sore) 

Septicaemia and plague, 272 

complicatmg filariasis, 760 

due to Bact. alkaligenes, 323 

coli, 324 

meningococcal {see Meningococcal septicaemia) 

pneumococcal, causing pneumonia, 20 

Septicaemic malaria, 55 
plague, 271, 275 

Sero-llocculation test, Henry’s, in malaria, 77 
Serological test in filanasis, 750 
Serotypes and serogroups of leptospira, 198, 206 
Sero-vacdne m dysentery prophylaxis, 493 
Serum, dried, reconstitution and transfusion of, 
859 

human, trypanocidal action of, 121 

reactions m malana, 47 

in relapsing fever, 180 

therapy m dysentery, 490 

in enteric, 320 

in plague, 275 

m rabies, 373 

in relapsing fever, 185 

in Russian spring-summer encephahtis, 

638 

in scorpion-sting, 840-1 

in smallpox, 394 

in snake-bite, 836 

m tick paralysis, 842 

m trichiniasis, 987 

in yellow fever, 350 

Serum-arthritis, 482 
Serum-formalin reaction m kala-azar, 158 

m trypanosomiasis, 122 

Sesarma dehaoni, 943 
Setaria equtui, 750 
Seven-day fever, 205-6, 381, 919 

of Rogers, 377 

Sexual factors m neurasthenia, 733 

functions, effect of tropics on, 8 

“ Shadowcol ” examination in cholecystitis, 528 
Sheep and coccidioidomycosis, 627 

and flakes, 936, 945 

and hydatids, 963, 965 

and linguatula, 1009 

and Murray Valley encephalitis, 638 

and Q fever, 251, 253 

and rabies, 364, 367 

and Rift Valley fever, 357 

and round-worms, 978 

and schistosomiasis, 955 

and tapeworms, 963 

and tick tjrphus, 242, 246 

and ticks, 1013-14 

and trypanosomiasis, 112, 121 

and tularaemia, 285 

and undulant fever, 304-5 

and yellow fever, 334 

maggots of, 1058, 1063 

Shellfish, poisonous, 838 

Shiga dysentery, 474-7, 479, 481, 483, 486, 490 

Shiga-IQuse bacillus {see Shigella shigae) 

Shigdla ambigua, 473 {see also Schmitz’s bacillus) 

dysenteriae, 471, 474 

isolation of, 485 

flexneri, 473-5, 479-80, 484, 486 

newoastle, 471, 473, 475, 479 

schmitzi, 473-4, 479, 484 

shigffi, 472-5, 480, 482w., 483-4, 493 

Sonnei, 473-5, 479, 484, 492 

Shimamushi, 235 {see also Typhus, scrub) 

Shins, pain in, in trench fever, 249-50 
Ship heriberi, 408 
Ship -fever, 234 


Shock, treatment by infusion, 860 
Shook jong, 644 
Shdshin, 419 

Shoulder pain in liver abscess, 522, 525 

in ruptured spleen, 50 

Shrew and plague, 266 
elephant, 886 

mouse and relapsing fever, 180, IS 1-2 

wandering, and tularaemia, 285 

Shueki, 205 (see also Seven-day fever) 

Sicard Oanteloube method in trypanosomiasis, 132 
Sicklaemia, 27, 29 
Slckle-ceU, 1078 

auAPTnifl. , 27-9 

Siderosis, post-malarial, 74 
Sigmodon hispidus, 257, 766, 916 
Sigmoidoscopy m dysentery, 486 

amoebic, 505-7 

in schistosomiasis, 539, 708-9, 726, 732 

in trichuriasis, SOO 

Silver arsphenamine, 880 

nitrate m ulcerating granuloma of pudenda, 

758 

in veld sore, 669 

salvarsan, 880 

Simaruba, 880 
Simuliidse, 104S 

destruction, 864 

Slmulium avidum, 1003 

damnosum, 776, 1002, 1049 

indicum, 1049 

mooseri, 1003 

neavei, 776, 783, 864, 1002, 1049 

ochracemn, 1003 

reptans, 1049 

vittatum, 1049 

Sinus diseases in tropics, 1 

formation m lymphogranuloma venereum, 652 

Siphonaptera, 1068 

Siphunculina funicola, 1062 

Siriasis, 401 {see also Heat-hyperpyrexia) 

Sirkari disease {see Kala-azar) 

Situtunga and trypanosomiasis, 112, 132, 907 
Skevos-2^ervos disease, 839 
Skiagraphy {see Radiography) 

Skin affections in plague, 271 

amoebic infection of, 497, 535 

areas, elephantiasis of, 766 

atrophy of, in typhoid, 314 

biopsy m leprosy, 588 

in typhus, ”230 

bronzing of, m infantile cirrhosis, 452 

diseases, allergic and toxic, 671 

bacterial, 662-70 

caused by aniTnfl.ls, 688, 692 

climatic, 671 

fungous, 674-83 

in candidate for tropics, 4 

non-specific, 661 

parasitic, 670, 692 

spirochsetal, 683 

in yaws, 605, 614 

lesions associated with atebrin therapy, 91 

due to manchineel poisoning, 825 

in atriplicism, 822 

in dengue, 379 

in epidemic dropsy, 828 

m tala-azar, 148, 150-1, 153-5 

in kwashiorkor, 441, 446-8 

m leprosy, 571-4, 577-9, 583 

m melioidosis, 290 

in onchocerciasis, 776, 778-9 

in qumine poisoning, 84 

m schistosomiasis, 705, 722, 730-1 

m trichiniasis, 986-7 

in trypanosomiasis, 115, 117-18, 134 

in Weil’s disease, 201 

myxenoid, in amcehiasis, 502-3 

odour in typhus, 228 

in yellow fever, 346 

reactions to tropical climate, 7, 9 

scarification, 1074 
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Skin I'^iviikelV, 111 1)17 

Skin-grafting lu bloughiuyr Gti.'i-y 

Skunk, HG 1 

Sleep -intoxication aikI lai.di, H-tr. 
Sleeping-sickness, 1<'7, IIS aL\o Ti-ipaiu)- 
rfomiasis) 

Sleepy sickness, L'Jo 

Slide neutrahz.itKiii test iii toM>[>l,iMMosis. 1)17 

Slides, cl. ‘iiiiiu!.', Iu7- 

Slime lexer, ]yG 

Slipules, oJO 

Sloth, 333 

Sloughing pliaj^e«lieii:i, GGii 

Sludging, 111 iiialarjii, 42, 43 
Smallpox, 391 

diagnosis, dilTerential, 231, 277), :;41), 3.S1, 307 

laboratory, 393 

treatnifitit, 304^ 

— virus, 391-4 

West luilian nioditied, 391 

S.N.7618, 371 

10761, S71 

12837, S77 

Snail liosts of flukes, 791, 79r)-G, 93G-9, 911, 913-7,, 
97.7 

of schistosoma, G7(i, 703, 71G 19, 733-1, 

947-9, 97,1-1 

Snails, destriitdaoii ol, 719, 729 
Snake s'cuom, 832-3 

m leprosy, 590 

Snake -bite, 833-5 

diltercntial diagnosis, 7()ti 

treatment, 835-7 

Snakes and tapeworms, 9Gi) 

parasite ol, lOlU 

— — .poisonous, 830-7 

Snelling’s reaction for euiotine, 7,l()n. 

SNP in destruction ot bugs, 142 
Soap injection in snake-bitc, 836 
Soaps in tiseces, 1080 
Sobita in yaws, 618 
Sodium antimony gluconate, Si hi 

antunonyl gluconate, 884 

autimouyltartrate, 800 

etliylmercuritliiosiihcylate, 1072 

- — - peiitaeliloroplieiiate, 729 

propionate in. lilastomycosis, 628 

tliuicetamide, 880 

thiac.etarsamide, 766 

Sodoku, 207 {sef aluo Rat-bite fever) 

Sokosha, 207 (see also Rat-bite fe\ ci ) 

Solar dermatitis, chronic, 9 

keratoses, 9 

urticaria, 7, 9 

Solganal B, 880 
Soluseptasine, SSO 
Solustibosan, 160, 170, 881 
Soluthiazole, 881 
Solvochin, 84, 881 
Songo fever, 384 

Sonne dysentery, 472, 474, 476-7, 479, 486, 189 

— symptoms, 481 

Sonne’s bacillus, 475 (see also Shigella Soniiei) 
Sontochin, 881 

m malaria, 81, 87 

Sontoquin, 87 
Sopronol, 679 
Sordes in plague, 270 

in typhus, 228 

Sore feet of coolies, 813 

primary, in lymphogranuloma venereum, 647 

soft, 651 

water, 813 

Soridna leachi, 911 
Souslik, 164, 916 

South African tick-bite fever, 221, 247 

American blastomycosis, 628 

tick typhus, 248 

Sparganosis, ocular, 960 
Sparganum, 959-60 
Sparrows, 670 

Species sanitation in malaria prophylaxis, 95-100 


Speech (k-ift-is m < v sl.u ei i ,,-, 1 ',, M9 
Speke’s anteloj.e, 112, 907 
Speotyto cuniculiiria, 283 

Spermatheca, 938 

Spermatic coid, schistosominsi'^ of, 7()7-s 
Spermatorrhoea in schistosomuisis. Toy 
Spermophile and leishmaniasis, 916 

and plague, 203 

Spermophilopsis leptodad vhis. if, I 

Spermophilus, 263 

Spherocytosis, 1080 

Sphoerita, 929 

Sphyraena, 839 

Spiders, 841, 891 

Spinal iiniestliesia in Woil’s diseiise, 204 

cord m scliistohoniiusis, 709 

in sprue, 550 

diseases in ciiiifliclates lor tropics, 5 

pad, 11 

paiii and stillness in iioliomyelitis, 641 

Spirillum fex'er, 177 {.see also riclapsiiig tevei) 
laverani, 207 

— —minus (morsiis-muns), 2()7-S, 211, 223, 919 
Spirocheeta ansenmiin, 919 

brtjucl nulls, 918 

caratenni, 6 S3, 918 

eroeidura.', 182, 1014 

— deiitium, 918 

— diittoin, 104, 177, 179-82, 184, ISS, 190-2, 

919, 1012, 1014 

eiirygyrata, 541, 91S 

gallmanim, 919, loir, 

gracile, 919 

herrejoni, 683 

-hisjiamca, 180, LSI, 190, 919, 1014 

laverani, 919 

morsus-muris (see Spirillum minus) 

mm*is, 919 

neotropical is (see S. veiiezuolenstsj 

normamli, 1014 

uovyi (see S. recurrentis) 

obermeieri (see S. recurrentis) 

pallida, 602-4, 613, 683, 918 

persica (sogdiannm), 179-80, 186, 911), 1013 

pertenuis, 599, 601-2, 604, 918 

recurrentis, 177-81, 184-6, 192, 204, 919 

refringeiis, 919 

schaudimii, 663, 919 

sogdiannm (see S. pei'&ica) 

turicatm, 179, ISO, 190, 1014 

venezuelensis, 177, 179-82. 190, 1013 

viuceuti, 918 

Spirochsetal dysentery, 541, 918 

skin disease, 683 

Spirochaetes, 177-81, 918-19 

arsenic-resistant, 192 

— ~ evolution of, in iutermediarj" host, 182-5 

fevers caused by blood, 177 

— - films for demonstration of, 1074-5 

forms of, and symptoms invoked by, 180 

iieurotropic action, 179, 181 

Spirochaetosis, bronchial, 918 
icterohaemorrhagica, 195 (see also AVeirs 

disease) 

Spirocid, 868 

in amcebiasis, 512 

Spirodela polyrhiza, 937 
Spirometra houghtom, 960 

raansonoides, 815, 960 

Spleen abscess, amo3bic, 497, 534 

Ill relapsing fever, 181 

primary, 14 

in burtouellosis, 215 

in blackwater fever, 65 

in Bulbs fever, 384 

in candidate for tropics, 2 

ill clonorchiasis, 795 

in Cooley’s amemia, 27 

m dysentery, 477 

m enteric fevers, 312-13, 315-16 

m histoplasmosis, 630 

m infantile cirrhosis, 452 
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Spleen in kala-azar, 149, 151 

m leprosy, 570, 5S6 

Ill muLina, 42, 49, 70-1, 7S 

in ])Glki?ru, 434 

in plagiie, 269-70 

in jisittacosis, 361-2 

in relapsing fever, LSI, 186-7, 190 

in schistosomiasis, 721-4, 729-32 

in stckle-cell antemia, 2S 

— — in tremiitode infection, 937 

Ill treiieli fever, 230 

ill tryfi-mosomiasLS, 115-16, IIS, 13S 

Ill typhus, 224, 226, 237-9, 243-4 

Ill unduliint fever, 294-6, 299, 306-7 

Ill ILeirs disease, 199, 200 

Ill yellow fever, 342 

palpation of, 71 

— - rupture of, m malaria, 42, 49, 54, 71 

in relapsing fever, 181 

weapon to cause, 50 

Splendore de Almeida disease, 62S 
Splenectomy in kala-azar, 161-2 

in malaria, 49, 71 

in schistosomiasis, 727~S, 732-3 

in Sickle-cell amemia, 29 

Splenic amcmia, 153, 726 

index, 71 

radiographic, 50 

puncture in diagnosis of kala-azar, 153, 155-6 

of malaria, 78 

in plague, 273 

rate, in malaria, 71 

Spleno -medullary leucocythremia, 30 
Splenomegaly (see Spleeuj 

Egyptian, 719, 722-4 (see also Schistosomiasis, 

hepato-lienalj 

tropical (see Kala-azar) 

Spondylitis in undulant fever, 299, 308 

Sponge -fishers* disease. S39 

Spongioplasm, 9i)l 

Sporoblast, 933 

Sporocysts, 932-3, 936, 951 

Sporogony, 36, 897, 9U1, 932 

Sporotrichosis, 628 

Sporotrichum, 628-9 

Sporozoites, 35, 896-7, 901-2, 933 

Sprats, poisonous, 839 

Sprays, anti-mosquito, S62-3 

Springhaas and plague, 263 

Spring -summer eucephahtis, Russian, 63S 

Sprue, Bandoeng, 563 

blood in, 549-51, 1078, 1080 

houses, 543 

incomplete, 555 

larval, 543, 555 

non-tropical, 546, 557 

primary or protupathic, 554 

secondary, 555 

strougyloides infection associated with, 980 

tongue or mouth, 555 

tropical, 543-63 

• .etiology, 543 

auicmi.i of, 545, 549, 553, 555 

treatment, 559 

comphcLitioiJS, 563 

convalescence, 563 

diagnosis, 556 

— differential, 441, 556 

epidemiology and endemiology, 543 

latency, 536 

pathology, 54S 

prognosis, 558 

relapses, 556 

sequela*, 555 

symptoms, 551 

treatment, 558, 873>, SS3, M.S5 

tyiips, historvq (‘oum* atul tcrnimatioii, 

554 

- without diarrhma, 554- 5 

Sprulac, 560 -1 

Sputum in piiriigomnilasis, 792-3 
m pneumonic plague, 272, 275 


Sputum in pulmonary schistosomiasis, 70S 
Squatting plate, 493 

test m beriberi 424 

Squm, red, in rat control, 279 
Squirrel .and hydatids, 965 

and kala-azar, 146, 916 

and malaria, 886 

and plague, 264, 270 

and relapsing fevei, 179, ISii. 1S3 

and tulancmia, 285 

— — and yellow fever, 337 

Argentme, and tryji.inosomiiusih, 912 

grey, and ralues, 364 

(see also Ground-stpiiriel) 

Stabilarsan, 881 
Stable-fly, 285 

Stagnicola emargiuata angiilat.i, 945 
Stanton’s disease, 289 

Staphylococci m pemphigus conttigiosus, 669 

m veld sore, 667, 669 

Staphylococcus alb us, 693 

aureus, 528, 693 

Starch granules in stools, 1(»S6 
Starling, 670 

Status epilepticus in trypanosomiasis, 118 
Stearin cream as mosquiro repelliint, lo2 
Steatorrhoea, letiology, 548 

comphcating snlpboiiamide therapy, 490 

idiopathic, 545-6, 556 

m kwashiorkor, 448-9 

in sprue, 545 

Stegomyia i^see Aedesj 

fasciata (see A. aegypti ) 

• psendoscutellaris (see A. scutellaris) 

Stephanostoma htemorrhoidalis. 844 
Steppage gait in beriberi, 416 
Steramine in Bact. coli infections, 325 
Stercoral ulceration, 541 
Sterculia, 825 

Sternal punctui’e in kala-azar, 157 

in leprosy, 588 

m malaria, 78 

m trypanosomiasis, 124 

Stibacetin in ulceratmg granuloma of pudeud.i, 

658 

Stibamine, SSI 

glucoside, 876 

Stibanose, SSI 
Stibatin, 160, SSI 
Stibophen, 881 

in schistosomiasis, 714, 716 

(See also Fouadm; 

Stibosan, S.S1, 936 

Stiff neck associated with thrombophlebitis, 16 

m Murray Talley encephalitis, 63.S 

in poliomyelitis, 641 

Stilbamidine (see Iiiamidino-stilbene; 
Stimulants in yellow fever, 351 
Stoats, 364 

Stoll-Hausheer method, 725 
Stomach, cancer of, in n.itive races, 14, 23 

in malaria, 44 

Stomach- worm of huiises, 1U57 
Stomatitis, .angular, in ariboti.uhit)si&, 438-9 

in pellagra, 435, 557 

in sprue, 551 

Stomoxys calcitrans, 2S5, 105 H (lig,), 1063 
Stools, anchovy sauce. 592 

clonorchis eggs in, 796 

frog’s-spawn, 477 

in ancylostomiasis, 802, 805, 807 

m ascariasis, 798 

m cholera, 461, 464 

in dysentery, amoebic, 487, 495, 502, 504-5 

bacillary, 477-Sl, 4S4-5, 487 

in giardiasis, *544 

— 111 hill diarrhoea, 56-1 

— - 111 infantile cirrhosis, 132 

ill kala-azar, 148, 153 

Ill kwashiorkoi', 44S-9 

in liver atasceibS, 520 

m malaria, 49 
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Stools in pellagra, 435 

in schistosomiasis, 722, 723-6, 732, 947 

m sprue, 549, 553-5 

weight of, 55S 

in strongyloides infection, 981 

meleemc, in liver abscess, 526 

microscopical exammation of, for eggs of 

nitesbmal parasites, 1081-4 

for recognition of various elements, 

10S4-7 

quinine excretion in, 82 

red-currant jelly, 477, 487 

rice-water, 461 

sago-gram, 4S7 

tomato soup, 481 

virus in, in poliomyelitis, 640 

in tropical eosinophilia, 7U1 

Stovarsol, 868 

m amcBbiasis, 512 

m malaria, 93 

in tropical eosinophilia, 701 

in yaws, 618 

vaginal compound, 932 

Strabismus in cestodiasis, 966 
Stramid, 885 
Strassenvirus, 365 
Strauss reaction, 289 
Strawberries m sprue, 560 
Strawberry gall-bladder, 796 
Street virus, 385 

Streptobacillus moniliformis, 208-9, 211 
Streptoclde, 885 

Streptococcal infections, 877, 883 
Streptococci and pemphigus contagiosus, 669 
Streptococcus htemolyticus, 760 

pneumoniae, 697 

pyogenes, 693 

Streptomyces griseus, 559 

rimosus, 884 

Streptomycin, 882 

in Bact. coli infections, 324, 326 

in dysentery, amoebic, 515 

bacillary, 489, 491 

in leprosy, 594 

in Madura foot, 626 

in Q fever, 254 

in plague, 276 

in rat-bite fever, 200, 211 

in relapsing fever, 192 

in tularaemia, 288 

in typhus, 232 

m ulcerating granuloma of pudenda, 660 

Stricture, intestinal, in amoebiasis, 515 
Strongyloides fiillebomi, 981 

stercoralis, 639, 975, 979-81, 1084 

Strumous bubo, 646 

Strutho camelus, 334 

Stunted growth in kwashiorkor, 446, 449 

Stuttgart disease, 197 

Strychnine-coated barley, 283 

Stylostome, 1011 

Styrylquinoline compounds, 125 

Subcutaneous myiasis, 843 

Subcuticular mottlmg in typhus, 227 

Subdlaphragmatic abscess, 528 

Subphrenic abscess, 527 

Subocdpital puncture in trypanosomiasis, 124 

Subsoil drainage in malaria prophylaxis, 97 

Subsultus tendinum in malaria, 55 

in plague, 270 

in yellow fever, 346 

Sucdnea, 936 

Sucdnyl-sulphathiazole, 882 (see also Sulpha- 
succidine) 

Sudermo, 876, 1008 
Suffocation in ascariasis, 797 
Sugar, food value of, 12 
Suicidal tendency in malaria, 56 

in pellagra, 437 

Sulfomidyl, 883 
Sulfarsenol, 883 

Sulphaceta^de in Bact. coli infections, 325 


Sulphadiazine, 882 

m Bact. coli infections, 324-5 

in blastomycosis, 628 

m cholera, 466 

in dysentery, 489-90 

m filariasis,' 753 

in Ivmpho^anuloma venereum, 652-3 

m malaria, 90, 93 

in melioidosis, 291 

in plague, 270 

m pyomyositis, 694 

in smallpox, 394 

Sulphadimethylpyrimidine, 882 
Sulphadimidine, 882 
Sulphaguanidine, 882 

in cholera, 465-6 

in dysentery, 480, 484, 4SS-91 

m hUl diarrhoea, 564 

m sprue, 561-2 

Sulphamerazine, 276, 490, 62S, 882 
Sulphamethylpyrimidine, 882 
Sulphamezathine, 882 

in dysentery, 489 

in melioidosis, 291 

Sulphanilamide, 883 

in cholera, 466 

in malaria, 90, 93 

m paragonimiasis, 794 

Sulphanilyl-amidobenzene in dysentery, 490 
Sulphanilylbenzamide m dysentery, 490 
Sulphanyl-sulphanilate in malaria, 93 
Sulphapyridine, 883 

in Bact. coli infections, 324-5 

m blastomycosis, 628 

m dysentery, 489 

in filariasis, 760 

in leprosy, 597 

in lymphogranuloma venereum, 652-3 

in Madura foot, 625 

in oriental sore, 171 

in pemphigus contagiosum, 669 

in plague, 275 

in ulcerating granuloma of pudenda, 659 

soluble, 883 

Sulpharsenobenzene, 883 
Sulpharsphenamine, 751, 883 
Sulphasuccidine (succinyl-sulpliathiazole), S82 

in dysentery, amoebic, 515-16 

baciUary, 489-90, 492 

m hill diarrhoea, 564 

in sprue, 561-3 

Sulphathiazole, 881, 883 

in cholera, 466 

in dysentery, 490 

m filariasis, 753 

m lymphogranuloma venereum, 652 

in Madum foot, 625 

in malaria, 93 

in plague, 276 

in ringworm of feet, 679 

in toxoplasmosis, 917 

in ulcus tropicum, 665 

phthalyl, 489 

Sulphatriad, 490, 883 
Sulphetrone, 593-4, 883 
Sulphidine, 883 

Sulphonarxiide paste in veld sore, 669 

therapy and vitamin B complex, 440 

parenteral, 881 

steatorrhoea following, 490 

systemic, 882-3 

Sulphonainides and hlackwater fever, 61 

in Bact. coli infection, 3^4-5 

in blastomycosis, 628 

in cerebrospinal meningitis, 22 

in dysentery, 488-90 

in filariasis, 753 

in leprosy, 596-8 

in lymphogranuloma venereum, 652-3 

in malaria, 93 

in meningococcal septicaemia, 22 

in pemphigus contagiosum, 669 
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Sulphonamides in plague, 275 

in pneumonia, 21 

in smallpox, 394 

in toxoplasmosis, 917 

in ulcerating granuloma of pudenda, 659 

Sulphone Oilag, 593, 883 

m leprosy, 592-6, 598 

action of, 594 

in toxoplasmosis, 917 

Sulphostab, 192, 883 
Sulphoxyl-salvarsaxi, 192, 883 
Sulphur amino-acid deficiency, 451 

dioxide m destruction of bugs, 1066 

of mites, 1011 

of rats, 283 

in malaria prophylaxis, 100 

grains, 621 

in scabies, 1007 

lather tablets, 1008 

Summer eruption, 9 
Sun disease, 432 

helmet, 11 

Sunburn, 9 

Sun-stroke, 398-9, 401 
Superbin, 821 

Suppressive prophylaxis, 102-3 
Suprahepatlc abscess, 528 
Suprarenals m malaria, 44 
Suramin, 869 
Surfer’s ear, 681 
Surgical brucellosis, 299, 308 

pellagra, 440 

Suiicate and plague, 265 
Susliks and plague, 263 
S\vamp fever, 198 
Sweat glands m prickly heat, 672 
Sweating, 398-9 

in izumi fever, 385 

in liver abscess, 522-3, 525, 52S 

m malaria, 49, 53 

m Rift Valley fever, 358 

suppression of, 400, 402, 405 

{see also Perspiration) 

Swimmers’ itch, 670, 956 
Swine menmgitis, 196 

{see also Pig) 

Swineherd’s disease, 201 
Sylvatic plague, 259, 263, 269, 281 
Sylvilagtis brasiliensis, 248 
Syme’s block method of eradicating tsetse flies, 
1056 

Synanceia, 838 

Synergic treatment in amoebiasis, 512, 516 
Synkarion, 933 
Synovitis, filarial, 760 

following yaws, 614 

m dracontiasis, 787-8 

in phlebotomus fever, 389 

purulent, in undulant fever, 297 

Synthalln m trypanosomiasis, 128 
Syphilis, ansenua associated with, 25 

and goundou, 611-12 

and pinta, 684, 686 

and pyomyositis, 693-4 

and yaws, 599-601, 603, 607-8, 613-17 

aortic, 15 

cerebro-spinal, and malaria therapy, 104 

complicating sprue, 563 

differential di^nosis, 122, 159, 168-70, 175, 

203, 527, 542, 656, 590, 657, 664, 680, 686, 
708 

drugs for, 868-70, 874, 876-7, 880-1, 883-4 

history, 599 

leucoderma and, 662 

nephrosis in, 17 

non-venereal, 600, 612 

of liver, 203-4, 527 

of lung, 21 

of nervous system, 22, 885 

of rectum, 542 

SyphUitic heart disease, 15 
Syringe for intravenous injection, 849 


Syringomyelia, 561 

TA.B. vaccine in enteric, 310, 318-19, 322 

in protein-shock therapy, 652 

Tabanidae, 1049 
Tabanus, 1049 
Tabardillo, 223, 248 
Tabes dorsalis, 425 

mesenterica, 557 

Tache c6r(^brale in dengue, 379 

in yellow fever, 346 

noire, 247 

Tachometer, 1082 
Tachycardia, 2, 8 

m epidemic dropsy, 828 

in trypanosomiasis, 116, 134 

post-dysenteric, 483 

Taenia, echinococcus {see Echinococcus) 

larval forms, 963 

multiceps, 963 

nana, 966 

saginata, 814-17, 875, 962 , 963 

eggs of, 962, 1082 

solium, 814-15, 817, 819-20, 961 , 963 

eggs of, 961, 1082 

Taeniorhyncbus, 1042 

africanus, 339-40, 355 

albicosca, 340 

chrysonotum, 340 

fasciolata, 340 

justamansonia, 340 

titiUans, 340 

uniformis, 340, 355 

Takata-Axa reactions, 158 
Talarida macrotis, 911 

Talma-Morrison operation in schistosomiasis, 
727 

Tamandua tetradactyli kriegi, 912 
Tamias, 180, 264 

asiaticus, 179, 647 

Tanret reaction, 83 
Tapeworms, 957-68, 1070 

beef, 962 

broad, 957, 1081 

dwarf, 966 

eggs of, 1081 

infestation by {see Cestodiasis) 

pork, 961 

{see also Diphyllobothrium) 

Tapir, 965 

nose, 167 

Tarabagan, 263, 266 

TarantiSm, 841 

Tarantula spider, 841 

Target cell anaemia, 27 

Tarsorrhaphy in ocular sparganosis, 960 

Tartar emetic, 878 {see also Antimony tartrate) 

Tarvan in oriental sore, 171 

Tasmanian devil, 361 

Tatera afra, 265 

brantsii, 265 

schinzi, 265 

Taterona lobengulee, 265-6 
Tayra barbara, 911 
Teeth m tropics, 1 
Telangiectases, 9 

in epidemic dropsy, 828 

Telemann method, 726 

Temperature, body {see Body temperature) 

Temuline, 826 

Tench and flukes, 940 

Tenebrio moliter, 224 

Tenesmus m dysent^, 477, 479, 490 

in schistosomiasis, 722, 728 

Tenosynovitis following yaws, 614 
Tephmsia vogelii, 719 
TEPP, 861 

Tenddens derminutus, 977 
Teropterin, 883 

in sprue, 559 

Terramycin, 884 
in amoebic dysentery, 514-15 
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Terramycin m bnltiut idi.i.skts, o;’.S 

in Q J-evor, 2r»o 

Ill reLiji^ing lever, lliL’ 

in ncJvetrsi.ilpox, 

m tlireadv\'nrm inieetiDii, 'js;; 

in t 3 TiLus, 234, 241, 245 

in ulcus tropicnm, HfiG 

in uuduLinb level, 3<)2 

m yaws, 619-2U 

Tertian fever, 42 

malaria {see Malaria, lieuign toitiaii, oAnilo 

tertian! 

tlierajicntic, 1<I4 

Testicles in leiirosy, 571, 5SG 
Tetanus anil rabies, 471 

followiny quinine lUji'cLinn, 85 

Tetany in sprue, 555, 505 
Tetmosal, ss i 
Tetrachlorethylene, SS4 

— — aud oil oi clienopodiuui, iii autu losfcoiiii.isis, 
8UU 

in fiBcarinsis, 790 

1)1 cestodiasis, SI 7 

— — in ancylostomiasis, SOI) 

m ascariasis, 799 

in cestodiasis, 959,967 

in round-worm infection, 077-S, 9S5 

intrematode infection, 957, 912, 957 

Tetrachlormethane, S71 

Tetraethyliuram monosulphide, <sy4, JOOS 

Tetraethyl-pyrophosphate, S6 1 

Tetraform, 871 

Tetramitus mesnili, 930 

Tetranychus molestissimus, S45, 1011 

Tetrapetalonema berghei, iUOl 

Tetrodon, 890 

Thalassophryne, 83S 

Thalazole, 878 

Thalistati^, 878 

Thallium sulpliatc in rat control, 283 
Thamnomys surdaster, 886 
ThSdan blue, 1075 
Theobaldia, 385 

Thephorln ointment lor insect bites, 10 

Therapeutic malaria, 46, 57, 61, 104-6 

Thermic fever, 401 {see also Heat-hyperjiyLcxia) 

Thermocyclops nigerianus, 1()U5 

Thermogenic anhidrosis, 400 

Thevetia, 821 

Thevetin, 821 

Thevetosin, 821 

Thiacetazone, 884 

— in leprosy, 594 

Thiamin, 410 (see also Aneurin; Vitamin Bj) 

hydrochloride, 868 

Thiaza^de, 883 
Thio-bismol, 104, 884 
Thiochrome, 411 
Thlomersalate, 876 
Thioparamizone {see I'liiacetuzouej 
Ihloxanthone {see IVtiracil t)) 

Thirst in tropics, 9 

Thoma-Zeiss ha?mocyti)meter, 1077-8 
Thomomys bottie, 285 
Thoracic duct in filariasis, 746-7 
Thom test for filariasis, 750 
Thorotrast hepatosplenography, 530 
Threadworm, 981 
eggs in fiEces, 1081 

Three-day fever, 386 (see also Phlehotomus feverj 
Thresh’s disinfector, 193 
Throat diseases in candidate for tropics, 1 
Thrombo-angiitls obliterans, 16 

juvenile, and typhus, 228 

Thrombocytobaiin phenomenon (see Adhesion 
phenomenon) 

Thrombocytopenia, essential, 445, 699 

in malaria, 47 

in typhus, 229 

vera, 30 

Thrombophlebitis, acute, 16 
complicating Eift Valley fever, 358 


Thrombosis complicaUiig psittacosis, 561 

hlaiLil, 746 

m paratyphoid, 520 

Ill typhiis, 228 

port.il, in schistosomiasis, 724 

sicklicmiii With, 29 

Thrush fungus, 630 

and spirue, 548 

Thryonomys swlnaerli^nu^, 351 
Thymine m sprue, 559 
Thymol, 884, 941, 957 

tiu-bidity test in kala-azar, 15S 

Thyroid diseases in caudidate for tropics, 5 

gland and trrpaunsomiasis, 138, 140 

Thyrotoxicosis in tropics, 5 

Tick tever, 177, 179, 188 (see also llelupsiiig foccr) 

C’olorado, 3S5 

in jiiiralybis, 842, 1(»15 

typhus, 219, 221, 241-8, 1015 

vaccine, killed, 256 

Tick-bite tever, 246, 247, 1015 (sve also l-’icvre 
boutoimeuse) 

Ticks, 1011-16 

——and Bullis le\ci, 383, 1015 

and Colorado tick fever, 585 

and encephalitis, 638 

and luemorrhiigic, fever, 5S5 

and Q fever, 250, 251, 265, lol5 

-and rela[>siug lever, 177, ISO, 181-4, 919, 

1012-14 

and tiilancmia, 284-5, 1015 

— and typlius, 220-2, 241-3, 247-8, 1015-16 
-- destruction of, 191, 866 

Tiger and flukes, 791, 943 

and tapievvorius, 959 

snake, Australian, H52, 856 

Tile method ol testing for agglutinuis, 851 
Timboin, 821 
Tinea tinea, 940 
Tinea cruris, 674 

mibricata, 681-5 

pedis, 678 

luignium, 680 

— versicolor, 674 
Tinnitus due to quiuiiip, 83 
Tiqui-tiqui, 428 

Tissue phase, 897 
Tltyus servulatus, S4U 
Tixantone (see Miracil D) 

Toad skin, 438 
Toddy, 825 
Toes, amhum of, 697 
Tokelau ringworm, 681 
Tollwut, 364 {see also Babies) 

Toiypeutes triemetus matacus, 911 
Tomatin in histoplasmosis, 631 
Tomography in paragonimiasis, 793 
Tongue, black, 631 

in amcebiasis, 502 

in ariboflavinosis, 438 

in dengue, 379 

— - in dysentery, 479 

- in izumi fever, 385 

— — in leprosy, 583 

■ in liver abscess, 525 

m pellagra, 557 

— in phlebotomus fever, 388 
in plague, 27U 

in psittacosis, 362 

ui relapsing fever, 1S6 

ui Eift Valley fever, 358 

m scurvy, 444 

in sprue, 548, 551-2, 562 

in typhus, 226, 229 

— mite, 239 

— - in uudulant fever, 296 

in yellow fever, 345, 347 

— magenta, in ariboflavinosis, 552, 557 

sign in t;^hus, 229 

sprue, 655 

worms, 1008 

Tonsillectomy, poliomyelitis following, 640 
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Tonsils in candidates for tropics, 1 
Tooth extraction and poliomyelitis, 640 
1 op minnow in mosquito destruction, 100 

Topee, 1 1 
Torcel, 1063 

Torquilla frumentum, 945 
Tortoises, 1017, 1052 
Toruioma, 629 
Torulopsis histolytica, 629 
Torulosis, 629 
lotaquina, S3, 884 

Toxaemia, generalized, iii ccrcliral malaria, 45 

hydatid, 965 

m cysticercosis, 819 

in dysentery, 479-80 

in enteric fevers, .‘115-16, 1119-20 

m trypanosomiasis, 120 

Toxaphene, 861 
Toxic dermatitLs, 671 
Toxicodendrol, 671 
Toxocara, 970 
Toxoplasma, 917 
Tracheotomy in leprosy, 583 
Trachinus, 838 
Trachoma, 651 
Trausittonal cells, 1078 
Trapa (Salvinia), 937 
Tree-shrew in typhus, 236 
Trematodes, 936-45 

amphistome, 956 

Trench fever, 219-20, 234, 248-50, 106-5 

differential diagnosis, 211 

type of enteric, 315 

Treparsol, 884 

Treponema pallidum (see Spimchcfta pallida) 
Treponyl in trypanosomiasis, 129 
Trian Paludnne) 

Triatoma, 137-8, 9U6, 909-10, 1066-7 

barberi, 909 

brazihensis, 910 

capitis, 910 

carnoni, 910 

chagasi, 910 

cruzi, 910 

dmiidiata, 909-10 

maculipeiinis, 909 

geniculata, 910 

gerstiekeri, 910 

hegneri, 910 

infestans, 138, 141, 865, 909, 1067 

longipennis, 909 

— — maculipenms, 910 

megistus {see Panstrongylus megistus) 

pallidipennis, 909 

phyllosoma, 909 

picturata, 909 

platensis, 910 

protracta, 909-10, lur»7 

rosenbusehi, 910 

rubida, 909 

rubrofosciata, 910, 1066-7 

sangiiisuga, 910, 1067 

sordida, 138, 909, ]067 

spinolai, 909-10 

vitticeps, 909, 1067 

Tribondeau’s huematoxylm test for reaction of 
distilled water, 1077 
Tricercomonas intestinalis, 929 
Trichinella spiralis, 985-7 
Trichiniasis, 986, 1078, 1086 
Trichlorethylene, 809, 884, 983 
Trlchobilharzia, 670 
Trichodectes cams, 967, 1065 
Trichomonas, 485 

cavia, 931 

elongata, 931 

foetus, 931 

homiuis, 931 

intestinal is, 540 

vaginalis, 931 

Trichomycosis, 687 
axillaris, 687 


Trichonocardlasis, 687 
Trichophyton concentricum, 682 

gypseum asteroides, 676, 679 

mdicum, 682 

interdigitale, 678 

metagrophytes, 675, 680 

purpureum, 675 

rubrmn, 675, 678, 680 

skin sensitivity tests, 679 

Trichoprosopon froutosus, 340, JO 17 
Trichosporosis, 687 
Trichospomm beigeli, 687 
Trlchostrongylus colubnfoniiis, 978 

eggs of, 1082 

orientalis, 978 

probolurus, 978 

Trichosurus vnlpecula, 138, 912, 916 
Trichuriasis, 800 , 871, 874, 985 
Trichuris tricliiura, SOU, 871, 984-5 

eggs of, 984, 1081, 1084 

Tricoceph^us dispar, 984 

hepaticus, 985 

Triglycerides, 547 

Trimeresurus, 834 

Trinidad disease, 367 

Triostam, 884 

Tripneustes esculentns, 839 

Tripod sign m poliomyelitis, 641 

Trivalent sodium antimony gluconates, 715, 884 

antimonjd tartrate, 727 

Trombicula akamashi, 236, 1011 

iiutumalis, 236, 1010 

deliensis, 235-6, 1011 

fletcheri, 237 

hirsti, 237, 1011 

minor, 237 

sehuffneri, 236, 1011 

Trombiculid mites, rickettsiiu in, 233 
Trombidiidae, 1010-11 
Trombidlum irritans, 1011 
Trophozoites, 39, 887, 896 
Tropical anseimas, 25-3U 

cheiropompholyx, 6 74 

climate, life in* 11-24 

effects of, pathological, 9 

physiological, 6 

diarrhoea, 543 (see also Sprue, tropical) 

eosinophilia, 700 

macrocytic anmmia, 25 

myositis, 693 

pyomyositis, 693 

sloughing phagedmna, 662 

sore, 162 (see also Oriental sore) 

splenomegaly (see Eala-azar) 

sprue, 543 (see also Sprue, tropical) 

typhus, 235 (see also Typhus, scrub) 

Tropicorbis havanensis, 951 

Tropics, care of microscopes and glassware in, 1072 

clothing in, 11 

diet in, 12 

diseases, general, occurring in, 13-24 

health of candidate for, 1 

neurasthenia in, 632-5 

preparations for residence in, 1-10 

for sailing to, 5 

Trousseau’s sign in sprue, 553 
Trusses, in tropics, 3 
Trypanosoma, 107, 917 
ariartu, 138, 912 

brueei, 125, 128, 133, 869, 905-7, 1054 

cougoleose, 121, 869, 906, 1053 

cruzi, 136-41, 495, 5U5, 905-6, 908 - 12 , 1066-7 

cultures, 141 

in culture of E. histolytica, 924 

life history, 909 

resersmir hosts, 911 

e<iuiiuim, 869 

equiperdiim, 121, 869, 90.5 

etscouieli {see T. cruzij 

— — - evansi, 869, 905 

gambiense, 108-12, 121-2, 124-5, 130, 132-5, 

869, 885, 905, 906-7 
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Trypanosoma gambiense , culture, 110 

reservoLT hosts, 112, 907, 1057 

transmission, 111, 905-6, 1053-4 

grayi, 906 

lewisi, 906, 913 

melophagmm, 906 

neotomie, 1067 

nigeriense, 907 

rnngeli, 133, 912 

rliodesiense, 103-10, 120-2, 125, 130, 132-5, 

869, SSr>, 905-6, 907-8, 1054, 3 057 

theileri, 906 

transmission of, 905 

Tespertilionis, 138 

Tivax, 121, 906, 1053 

Trypanocidal action o± human serum, 121 
Trypanosome chancre, 115 
Trypanosomes, 904-13 

arsenic-resistant, 126, 130 

cultivation, 110, 122, 141, 906 

film for demonstration of, 1074-5 

metacvclic, 905-6 

transmission. 111, 905 

Trypanosomiasis, 107-42 

acute, 120 

African, 107-35 

blood m, 113, 122, 139, 1078 

cerebral, 114, 119 

drugs for, 368-71, 873, S75-6, 378-0, 883-5 

gambiense, 110-32 

-etiology, 110 

congenital, 111, 118 

diagnosis, 122-5 

differential, 122, 125 

m central nervous system, 114 

mcubation period, 115 

pathology, 114 

prognosis, 132 

prophylaxis, 130-2 

sleeping-sickness stage, 119 

symptoms, 115 

treatment, 125-30, 873, 875, 879, 885 

maas, 126 

synergic or combined, 129 

geographical distribution, 107-10 

immunity, 121 

m natives, 120 

mortality, 121 

removal of populations infected with, 132 

rhodesiense, 133-5 

treatment, 135, 885 

South American, 107, 136-42 

acute form, 140 

{etiology, 137 

chrome forms, 140 

diagnosis, 140 

geographical distribution, 107, 137 

pathology, 138 

prophylaxis, 141 

symptoms, 139 

transmission, 138 

treatment, 41 

spread of, by traffic, 132 

vector of, 1051 

Tryparsamide, 885 

in trypanosomiasis, 126-7, 135 

combined with antrypol, 129 

resistance to, 130 

Tryparsone, 885 
Tryponarsyi, 885 
Trypotan, 885 

Tsetse fly, 107, 1050-7 (see also Glossina) 

destruction of, 865 

Tsutsugamushi, 219, 221, 235 
Tubercle in leprosy, 579 

Tuberculoid leprosy, 578 (see also Leprosy, 
tuberculoid) 

Tuberculosis and leprosy, 565, 571, 577, 688, 594 

diagnosis, differential, 290, 527, 529, 541, 588, 

708, 793 

drugs for, 872, 878, 883-4 

in candidate for tropics, 2, 4 


Tuberculosis in native races, 19-20 

mihary, schistosomiasis simulatmR, 708 721 

modified, 20 ’ 

natural, 20 

(see also Bone, Intestinal, Pulmonary tuber- 
culosis) 

Tubunic ampoules, 850 
Tularaemia, 207, 284^8, 882, 1016 

and brucellosis, 285, 2S.S, 301 

differential diagnosis, 240, 274-5, 288, 290, 651 

ocular-glandular, 28 7 

typhoidal, 287 

Tulle gras lumiere in sloughing phagedsena, 666 
Tumbu fly, 844, 1058 
Tunga penetrans, 688, 1070 
Tungidse, 1068 

Tunica vaginalis, chylous dropsy of, 747, 753, 758 
Tupaia belangeri versurse, 236 
Turkey and typhus, 237 

gnats, 1048 

Turnbe javamca atrigularis, 237 
Tymphonotomus microptera, 941 
TjTphlitis, amoebic, 503, 505 
Tj^hoid, bilious, of Griesinger, 177 (see also 
Ee lapsing fever) 

blood in, 1078 

cholera, 462, 468 

fever, 310 

aetiology, 311 

diagnosis, 315 

differential, 230, 248, 290, 296 

299-300, 319, 362 

epidemiology and endemiology, 310 

pathology, 312 

prevalence, 310 

prophylactic inoculations, 6, 322 

symptoms, 312 

remittent malaria, 55, 79 

state in psittacosis, 362 

m typhus, 239 

treatment, 320 

vaccine, 322 

Typhoidal leptospirosis, 201 
tularaemia, 287 

Typhus, classical (see Tjphus, epidemic) 

classification, 219 

differential diagnosis, 204, 230, 275, 319, 385 

endemic, 232 (see also Typhus, murine) 

epidemic, 219, 221, 223-32, 1065 

retiology, 224 

diagnosis, 229 

pathology, 224 

prophylaxis, 233 

symptoms, 225 

treatment, 231 

exanthematic (see Typhus, epidemic) 

fevers, 219-57 

aetiology, 219 

associated with relapsing fever, 182, 

228, 231 

differential diagnosis, 381, 389 

drugs for, 871, 877, 884 

prophylactic inoculation, 6, 232, 255 

flea, 219, 221, 232-4, 245 

historic (see Typhus, epidemic) 

icteroides, 327 (see also Yellow fever) 

immunity in, 229 

louse-borne, 223 (see also Typhus, epidemic) 

vaccine, killed, 266 

mite, 235, 1011 (see also Typhus, scrub) 

morphology, 221 

murine, 219, 221, 232-4, 257, 1070 

diagnosis from tick typhus, 245 

“ nodules ”, 224, 238, 244 

non-epidemic, 219 

pellagra, 439 

scrub, 219, 221, 239-41 

■ etiology, 236, lUll 

diagnosis, 240 

epidemiology, 235 

pathology, 237 

prophylaxis, 241 
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Typlius, scrub, symptoms, 238 

treatment, 240, 871 

siderans, 226 

state, 228 

tick, 219, 221, 241 - 8 , 1011, lOlo 

Taccine, killed, 256 

tropical, 235 (see also Typhus, scrub) 

urban, 233-4 

racemes, 255-7 

Tyroglyphus, 691, 701, 1008 
Tyto alba affinis, 334 

Uganda S virus, 355-6 
Ulcer(s), amoebic, 536, 664 

flask-shaped, 487, 499 

in blastomycosis, 628 

in histoplasmosis, 630 

in kwashiorkor, 448 

in scrub typhus, 237-9 

in sporotrichosis, 628 

in tularaemia, 287 

in reld sore, 667 

in yaws, 608 

intestmal, in dysentery, amoebic, 487, 499- 

500, 506-7 

bacillaiy, 476, 486-7 

balantidial, 538 

in lirer abscess, 519 

m schistosomiasis, 721, 730, 733 

in sprue, 548 

Mozambique, 662 

of legs, cancer and, 23 

m sickle-ceU anaemia, 29 

of skin in paragonimiasis, 793 

peptic, 2, 13, 503-5, 528, 805, 807 

perforation of, 528 

perforatmg, in leprosy, 579-80, 585, 596 

sea-anemone, 487, 499 

trophic, in leprosy, 579, 397 

tropical, 662 

Yemen, 662 

Ulcerating granuloma of pudenda, 654-60, 882 
Ulcerative dermatitis, 670 
Ulcus tropicum, 662, 877, 884 
Ulosonia parvicornis, 967 
Undbuca and trj-panosomiasis, 138 
Uncinariasis, 801 (see also Ancylostiomiasis) 
Undecame diamine in trypanosomiasis, 128 
Undecylenic acid, 677 
Undulant ferer(s), 292-309 

abortus type, 303-9 

fetiology, 304 

diagnosis, 306 

pathology, 306 

prophylaxis, 309 

symptoms, 307 

treatment, 308 , 870 

blood in, 1078 

differential diagnosis, 527 

melitensis type, 292-303 

aetiology, 294 

and tulargemia, 285, 288, 301 

complications and sequelae, 

299 

diagnosis, 299 

epidemiology and endemi- 

ology, 293 

malignant, 298, 301 

patholo^, 295 

prognosis, 301 

prophylaxis, 302 

symptoms, 296 

treatment, 302 , 870 

types, 297-9 

Weil-PelLx reaction m, 229 

Uraemic leptospirosis, 201 
Urban typhus, 233-4 
Urea stibamine, 160, 885 
Urechites suberecta, 821 
Ureters in schistosomiasis, 704, 707 
Urethra, amoebic ulceration of, 636 
schistosomiasis of, 707 


Urethra, stricture of, 667 
Urethritis in Reiter’s disease, 483 
Urinary calculi, 17 

excretion in tropics, 7 

myiasis, 847 

tract, Bact. coli infections of, 324, 874-5 

Urine, amcebae m, 536 
chylous, 757 

examination of, for eggs of Schistosoma 

haematobiiim, 1087 

excretion of vitamins in, 411 

m beriberi, 417-18, 425-6 

m blackw^ater fever, 65-8 

in brucellosis, 300 

m cholera, 462-4 

in epidemic dropsy, 829 

haemorrhagic fever, 384 

in heat-hyperpyrexia, 402-3 

in infantile cirrhosis, 462 

in izumi fever, 385 

in jenghol poisoning, 824 

in kala-azar, 148, 153 

in liver abscess, 525 

in malaria, 49, 78 

in paragonimiasis, 792 

m pellagra, 435 

in plague, 270 

m schistosomiasis, 705-6, 710, 947 

in scurvy, 444 

in sprue, 550 

in typhus, 226, 228, 230, 239, 244, 248 

in Weil’s disease, 2U0 

in yellow fever, 346-7 

of candidate for tropics, 3 

retention of, with overflow and incontinence, 

706 

Urisol, 874 
Uritone, 874 

Urobilinogen test m malaria, 47 
UrobiUnuria in malaria, 78 
Uroderma bilobatum, 911 
Urotropine, 874 
Urticaria, atebrin, 91 

following blood transfusion, 859 

hydatid, 965 

in ascariasis, 797 

in dracontiasis, 784, 787-8 

in loaiasis, 773 

in schistosomiasis, 709, 723, 729, 731 

in strongyloides infection, 981 

solar, 7, 9 

Uta, 173 

Uterus m schistosomiasis, 705, 708 

Vaccination in alastrim, 396-6 

in cholera, 470 

m dysentery prophylaxis, 493 

in encephalitis japonica, 638 

in smallpox, technique, 394 

of candidate for tropics, 6 

Vaccine(s), antirabic, 372 

in blastomycosis, 628 

in dengue, ~382 

m enteric, 310, 322 

m lymphogranuloma venereum, 652 

in melioidosis, 291 

in oriental sore, 172 

m plague, 280 

in typhus group of fevers, 255-7, 1016 

in undulant fever, 303 

staphylococcal, in veld sore, 669 

yellow-fever, preparation of, 354 

Vaccinia, 391 

yellow fever vaccine combined with, 355 

Vagina in schistosomiasis, 705, 708, 716 
Vaginitis, amoebic, 536, 931 
Valley fever, 627 
Vampire bat, 364, 367 

Van den Bergh reaction in ancylostomiasis, 803 

m sickle-cell anaemia, 29 

in sprue, 550, 557 

in yellow fever, 348 
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Vanadium, m oriental sore, 171 
Varicella, 396-7, 669 

virus of, 393 

Varicose groin-glands, 747, 753-4 

ulcer, 664, S68 

Variola, 391 (nee nlno Sinalliiox) 

minor, 394 (see also Alastriin) 

Varix, lymphatic (see Lytapliatu* rartv) 
Vegetable poisons, 821-^9 
Veld sore, 666-9 

clifferentiiil diagnosis, 664 

Velsicol, 861 
Velvet mites, 1010 
Venereal diseases, tropical, 646-60 
Venesection in snake-bite, 835 
Ventriculography m cysticercosis, 96:> 
Ventriculum in infantile pellagra, 442 
Ver du cayor, 844, 1058 

macaque, 843, 1063 

Vermexan, 983 
VermijelU, 1071 
Verminous dysentery, 471 
Verrucosis, lympliostatic, 626 
Verruga peruana, 212, 216-18 
Vertigo in Weil’s disease. 201 
Vesaivine, 874 

Vesical calculi in tropics, 3, 10, 17 
Vesicular rickettsiasis, 255 
Vi antigen, 319 
vaccine, 323 

Vibrios, cholera, 456 (see also Cholera, vibrio) 

El-Tor, 458, 464 

paracliolera, 458 

Vida, 822 
Vidne, 822 

Vincent’s white mycetoma, 621 
Vioform, 513, 885 
Viper, 830, 832 

bite, 834-5 

Russell’s, 832-4 

venom, 833, 836 

Vipera russellii, 834 
Virchow, foamy cell of, 574 
Virus 17D, 337, 353-4 
Coxsackie, 22 

kerato-oonjunotivitis, epidemic, 670 

Viruses, diseases caused by, 636-42, 646 

poliomyelitis group of, 640 

resembhng yellow fever virus, 355 

Visceral leishmaniasis (nee Knla-azar) 

schistosomiasis, 721 

Visceroptosis due to ammbiasis, 504 
Viscerotome, 140, 143, 328, 349 
Vision, disturbed, due to chloroqume, 87 
Vitamin A, 422, 664, 822 
B complex, 14 

deficiency diseases, 408-43 

Bi, 410-12, 427 

deficiency diseases, 408-29 

therapy, 505, 563, 696 

(see also Anemin) 

Ba, 433, 663, 880 

and sprue, 545-7, 560 

deficiency, eye lesions of, 437 

(see also Riboflavin) 

Bia, 559, 593, 885 

absorbed by tapeworm, 815 

in anasmia, 26 

0, 444-5, 829 

— (see also Ascorbic Acid) 

deficiency, 14, 3 9 

and infantile cirrhosis, 451 

diseases, 408-50 

in malaria parasites, 36 

B, 829 

(4 (see Vitamin Bg) 

K, 193, 341, 351, 452 

P, 829 

therapy in sprue, 560 

Vitiligo, 661 (nee also Leucodeniiu) 
Viviparajavanica rudipellis, 944 
polyzonata, 939 


Vivipara quadrata, 939 

Voice in leprosy, 583 

Vole and leishmaniasis, 146, 916 

and leptospirosis, 196 

and rat-bite fever, 211 

and tularaemia, 286 

(see also Field- vole) 

Volhard’s diuresis test, 425 
Volhynian fever, 219, 248-9 
Volvulus in ascariasis, 797 

intestinal, in African races, 13 

Vomit, black, in leptospirosis, 201 
Vomiting caused by chloroqume, 87 

— — liy pamaquine, 88 

by proguaiul, 89 

by quinine, S3 

by sulphone, 593-4 

drug for, 870 

following blood transfusion, 859 

in ackee poisoning, 822 

Ill amiebiasis, 502 

ill ascaria.sis, 797 

in beriberi, 422, 426 

Ill blarkw'ater ferer, 66, 68 

in cholera, 461, 465-6 

in dengue, 379, 381 

in dracontiasis, 787 

in dysentery, 477, 479, 491 

in B.B.I. therapy, 510 

in encephalitis japonica, 636 

ill epidemic dropsy, 827 

— — • htemorrliagic fever, 384 

m heat exhaustion, 400 

in izumi fever, 385 

in knla-azar, J 53 

in lymphogranulouia veiiereiiin, 648 

in malaria, 48, 50, 53, 54, 57 

treatment, 94 

in pellagra, 435 

in phlebotomus fever, 388-9 

in plague, 270 

in schistosomiasis, 724 

in sprue, 552, 554 

in typhus, 226, 244, 248 

in Wernicke’s encephalopathy, 422 

in yellow fever, 346-7, 351 

sickness of Jamaica, 822 

Von Hey den 471, 881 

661, 869 

693, 877 

Recklinghausen’s disease, 591 

Vulpes fulva, 783 
Vultures and yellow fever, 334 
Vulva, elephantiasis of, 766 
in schistosomiasis, 705, 708 


Wagtail, 670 

Walrus, 958 

Wanganga, 753 

Warbler and scrub typhus, 236 

Wart-hog, 193 

Warts, venereal, 708 

Wassen test in lymylrograuuloma venereum, 651 
Wassermann reaction in goimdou, 611 

in leprosy, 590 

in malaria, 77 

in pinta, 683-4, 686 

in rat-bite fever, 210 

in relapsing fever, 191 

Ill trypanosomiasis, 125 

in typhus, 230 

in yaws, 605, 608, 616 

Water as source of amcebiasis, 494, 516-19 

treatment of, 517 

of cholera, 455-6, 469-70 

of dracontiasis, 783, 789-90, 1006 

of dysentery, 474 

of izumi fever, 385 

of leptospirosis, 190, 198, 205 

of paragonimiasis, 794 

of poliomyelitis, 640, 642 
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Water as source u£ scbustosomiasis, 7Uli-o, 716- ll», 
729, 733, 948 

of tularfEima, 284 

itch, 813 

non-pyrogenic distilled, 850 

— - rat {,see Vole) 

sores, 813 

Waterbuck, 112, 908 
Water-pox, 813 
Watsonius watsoni, 957 
Weaning and kwashiorkor, 446, 449 
Weasels and rabies, 364 

Weigert’s iodine solution, in demonstration of 
protozoa in faeces, 1087 
Weigl’s vaccine, 256-7 

WeU-Felix reaction in typhus, 223, 229, 340, 248 
Weil’s disease, 195-205, 919 

aetiology, 197 

complications, 201 

diagnosis, 202-3 

difierential, 203, 206, 348 

epidemiology and endemiology, 196 

— pathology, 199 

prophylaxis, 205 

symptoms, 199 

treatment, 204-5 

varieties, 301 

Wells and guinea-worm infection, 790 

as mosquito breeding-bounds, 98-100 

Weltman reaction in malaria, 47 
Wernicke’s encephalopathy, 422, 440 
West Coast memory, 632 

Indian modified smallpox, 394 (see also 

^astrim) 

Nile virus, 355-6 

Westrasol, 884 

Wettable powder, DDT and BEC m, S62-S 
Wheat fiour and steatorrhoea, 545, 548 
Whipworm, 984 
White piedre, 687 

Whitfield’s omtment m ringworm of feet, 679 

Wia (see Mihbisj 

Widal reaction in enteric, 318 

Widow spider, 841 

Wild fire, 669 

Winterbottom’s sign m trypanosomiasis, 116 
Wohlfidirtia magnifica, 843, 1058 

vigil, 843 

Wolf and flukes, 940, 942 

and hydatids, 963 

and linguatula, 1009 

and rabies, 364-5 

and sandflies, 1017 

and sarcoptes, 1007 

and tapeworms, 959 

Women, ascariasis in, 798 

in tropics, 4, 633 

clothmg of, 13 

lymphogranuloma venereum in, 648-9 

schistosomiasis in, 705, 708 

sprue m, 666 

Wood dust, idiosyncrasy to, 671 
Woodchuck, 242, 246 
Woodrat, 286, 912 

Wood’s light test in atebrin therapy, 91 
Wood-tick, 1015 
Wool and Q fever, 251 
Wormseed (see Ohenopodium) 

Wrist-drop in beriberi, 416 
Wuchereda bancrofti, 735-7, 740-3, 746, 748, 
750-2, 760, 766-70, 874,988-95, 1042, 
1075 

filariasis due to, 735-69 

intermediary host of, 743-4, 991-2 

malayi, 785, 738, 745, 751, 766, 769, 994-5, 

1075 

filariasis due to, 760 

non-periodic, 741-2, 752, 767, 993-4 

pacifica, 735-6, 738, 742, 746, 751-2, 765, 

767, 874, 880, 993, 1046 
Wyeomyia bromeliarum, 340 


Xenocyprus daviJi, 940 
Xeno-diagnosis in trypanosomiasis, 140, 912 
Xenopsylla, 1068, 1070-1 

astia, 220, 233, 268, 279, 1070 

brasiliensis, 265-6, 268, 1070 

cheopis, 320, 233, 234, 237, 263, 266-S, 379, 

913, 967, 1070 
— — eridos, 265 
Xeroderma, 4 

in onchocerciasis, 779 

in trypanosomiasis, 118 

pigmentosum, 10 

Xerosis in onchocerciasis, 779 
Xerus erythropus, 264 

getulus, 146, 916 

X-ray diagnosis (see Badiography) 

therapy in cheiropompholyx, 674 

m cheloid, 663 

in chyluria, 758 

in elephantiasis, 761 

ui oriental sore, 173 

in rhinoscleroma, 697 

in trench fever, 250 

ill ulcerating granuloma of jiudenda, 658 

Yams and leprosy, 566, 569 

poisoning from, 823 

Yangona, 825 
Yatren, 511, S71 
Yaws, 599-620 

setiology, 601 

after-^ects, 614 

and goundou, 611-12 

and pinta, 684-6 

associated with sloughing phagedsena, 663 

bosch, 173 

crab, 24, 591, 609, 616-17 

^agnosis, 616 

difierential, 175, 590-1, 616-17, 662, 

664, 686 

drugs for, 868-71, 874, 876, 878, 880-1, 883^ 

duration and recurrences, 615 

epidemiology and endemiology, 601 

foot, 609 (see also Taws, crab) 

forest, 173 

geographical distribution, 600 

history, 599 

immunity to, 615 

mortality, 616 

papules, 604, 60S 

pathology, 604 

primary, 604-5 

prophylaxis, 620 

relation to syphilis, 599-601, 603, 607-8, 

616-17 

rii^orm, 607 

secondary, 605-7 

sequelae, 615 

symptoms, 604 

tertiary, 608-14 

transmission by flies, 1063 

treatment, 617-20 

verruga peruana and, 216-17 

Yeast and pellagra, 433 
Yellow fever, 337-56 

a3tiology, 335 

and dengue, 377 

complications and sequelae, 348 

diagnosis, 348 

differential, 181, 187, 191, 203, 

348, 359, 381 

laboratory, 349 

epidemiology, 330-5 

imjnumty, 334, 337-8, 343 

incubation period, 344 

jungle, S23, 330, 333, 337, 340-1, 343 

vector of, 1047 

Mediterranean, 195 (see also ‘Weil’s 

disease) 

mild and very mild, 343 

pathobgy, 341 

prognosis and mortality, 350 
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Yellow fever, prophylactic inoculation, 6, 353 

prophylaxis, 351 

rural, 330, 332-3 

symptoms, 343 

treatment:. 350 

vaccine. 354 

— vectors of. 339, 1046-7 

virus, 335 

animal reservoirs, 332-4 

Asibi stmin, 353 

cultivation, 337 

neurotropic, 336-8 

pantropic, 337-S, 353 

pliysical properties, 337 

strain D-17, 337, 353 

transmission through mosquito, 
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